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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
RECOMMENDATIONS FOR RENEWABLE ENERGY  

AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION  –  
 

Part  9-5:  Integrated  systems –  
Selection  of stand-alone l ighting  ki ts  for rural  electri fication  

 
FOREWORD 

1 )  The  I n tern ati onal  E l ectrotechn i cal  Commiss i on  ( I EC)  i s  a  worl dwi de  organ i zat i on  for  s tan dard i zati on  compri s i ng  
al l  nat i onal  e l ectrotech n i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  Th e  obj ect  o f  I EC  i s  to  prom ote  
i n ternati onal  co-operati on  on  al l  questi ons  con cern i n g  s tandard i zati on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  an d  i n  add i t i on  to  other  act i vi t i es ,  I EC  publ i sh es  I n ternat i onal  Stan dards ,  Techn i cal  Speci fi cati ons,  
Techn i cal  Reports ,  Publ i cl y  Avai l able  Speci f i cat i ons  (PAS)  and  Gu i des  (h ereafter  referred  to  as  " I EC  
Publ i cati on (s) " ) .  Th ei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any  I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governm en tal  and  n on -
governm en tal  organ i zat i ons  l i ai s i ng  wi th  the  I EC  al so  parti c i pate  i n  th i s  preparati on .  I EC  co l l aborates  cl ose l y  
wi th  th e  I n ternati on al  Org an i zati on  fo r  Standard i zati on  ( I SO)  i n  accordan ce  wi th  cond i t i ons  determ ined  by  
ag reement  between  th e  two  org an i zati ons .  

2 )  Th e  form al  deci s i ons  o r  ag reemen ts  o f  I EC  on  tech n i cal  m atters  express ,  as  nearl y  as  poss ibl e,  an  i n ternati onal  
consensus  o f  op i n i on  on  the  re l evan t  subjects  s i nce  each  techn i cal  comm i ttee  h as  represen tati on  from  al l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati on s  have  the  form  of  recom mendati ons  for  i n ternati onal  u se  an d  are  accepted  by I EC  Nati onal  
Commi ttees  i n  th at  sen se.  Wh i le  al l  reason able  e fforts  are  made  to  ensu re  that  the  techn i cal  con ten t  of  I EC  
Publ i cati ons  i s  accu rate ,  I EC  cannot  be  hel d  respons ib l e  fo r the  way i n  wh i ch  they are  used  or  for  any 
m i s i n terpretati on  by any end  u ser.  

4)  I n  order  to  promote  i n tern ati on al  u n i form i ty,  I EC  Nati on al  Commi ttees  undertake  to  appl y  I EC  Publ i cati ons  
transparen tl y  to  the  maxi mum  exten t  poss i bl e  i n  the i r  nat i onal  and  reg i onal  publ i cati ons .  Any d i verg ence  
between  any I EC  Publ i cati on  an d  the  correspond i ng  nati onal  or  reg i onal  publ i cati on  shal l  be  c l earl y  i nd i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  no t  provi de  any attestati on  o f  con form i ty.  I ndependen t  cert i f i cati on  bod ies  provi de  con form i ty  
assessmen t  servi ces  an d ,  i n  some  areas,  access  to  I EC  marks  o f  con form i ty.  I EC  i s  not  responsi bl e  for  any  
servi ces  carri ed  ou t  by  i n dependen t  cert i f i cati on  bod i es .  

6)  Al l  u sers  sh ou ld  ensu re  that  they have  the  l atest  ed i t i on  o f  th i s  publ i cati on .  

7)  N o  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  employees,  servan ts  or  agen ts  i ncl ud i ng  i nd i vi dual  experts  an d  
members  o f  i ts  tech n i cal  comm i ttees  and  I EC  N ati onal  Commi ttees  for  any personal  i n j u ry,  property dam age  or  
o ther  damage  o f  any natu re  whatsoever,  wh ether d i rect  or  i nd i rect ,  o r  for  costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  o f  the  publ i cati on ,  u se  o f,  o r  re l i ance  upon ,  th i s  I EC  Pu bl i cati on  or  an y o th er I EC  
Pu bl i cati ons .   

8 )  Atten t i on  i s  d rawn  to  the  N orm ati ve  references  ci ted  i n  th i s  publ i cati on .  Use  o f  the  referenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cati on  o f  th i s  publ i cati on .  

9 )  Atten ti on  i s  d rawn  to  th e  poss ib i l i ty  that  som e  of  the  e l emen ts  o f  th i s  I EC  Publ i cati on  may be  th e  subject  o f  
paten t  ri g h ts .  I EC  sh al l  not  be  he l d  responsi bl e  for  i den ti fyi ng  any or  a l l  such  paten t  ri g h ts .  

The  main  task of  I EC  techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  commi ttee  may propose  the  publ ication  of  a  Techn ical  
Speci fi cation  when  

•  the  requ i red  support  cannot  be  obtained  for  the  publ i cation  of  an  I n ternational  Standard,  
despi te  repeated  efforts,  or  

•  the  subject  i s  s ti l l  under techn ical  development  or  where,  for  any other reason ,  there  i s  the  
fu tu re  bu t  no  immed iate  possibi l i ty  o f  an  ag reement  on  an  I n ternational  Standard .  

Techn ical  Speci fi cations  are  subject  to  review wi th in  th ree  years  of  publ ication  to  decide  
whether they can  be  transformed  i n to  I n ternational  Standards.   

I EC  62257-9-5,  wh ich  i s  a  Techn ical  Speci fi cation ,  has  been  prepared  by I EC  techn ical  
commi ttee  82:  Solar photovol taic  energy systems.  
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Th is  th i rd  ed i ti on  cancels  and  replaces  the  second  ed i tion  i ssued  i n  201 3.  I t  consti tu tes  a  
techn ical  revis ion .  

Th is  ed i ti on  i ncludes  the  fo l l owing  s ign i fi can t  techn ical  changes  wi th  respect  to  the  previous  
ed i ti on :  

a)  The  battery test  methods  have  been  updated  to  harmon ize  wi th  existing  IEC  standards,  
add  safety  gu idance,  and  remove  test  methods  for  n i ckel -cadmium  batteries  (as  proper 
d isposal  options  are  not  avai lable  i n  many commun i ties) .  

b)  The  sequence  of  testi ng  has  been  changed  to  al l ow the  battery to  be  charged  us ing  the  
product’s  charge  con tro l ler  prior  to  the  fu l l -battery run  time  test.  

c)  Lim i ts  on  total  series  resistance  of  the  test  apparatus  have  been  added  to  test  procedures.  

d )  Language  has  been  added  th roughou t  to  faci l i tate  the  testing  of  systems  wi th  appl iances,  
i nclud ing  non - l i gh ti ng  appl iances  such  as  rad ios.  

e)  An  al ternative  l umen  main tenance  test  procedure  us ing  IESNA LM80-08  test  data has  
been  added .  

f)  Methods  have  been  added  for  testing  water and  physical  i ng ress  protection  for 
photovol taic  modu les.  

g )  Procedures  have  been  added  for powering  l i gh t  poin ts  d i rectl y  from  a  power supply  du ring  
the  l umen  main tenance,  l i gh t  ou tpu t,  and  l i gh t  d i stribu ti on  tests.  

h )  Equ ipment requ i rements  and  recommended  equ ipment  speci fi cations  have  been  
consol i dated  i n to  the  new Annex CC.  

i )  New optional  test  methods  have  been  added  to  assess  robustness  to  fau l ts  (Annex DD) ,  
characterize  DC  ports  (Annex EE)  and  appl iances  (Annex FF) ,  and  syn thesize  test  resu l ts  
to  estimate  the  energy service  capabi l i ti es  and  evaluate  adverti s ing  claims  for  systems  
wi th  mu l ti ple  appl iances  (Annex GG) .  

Th is  part  o f  IEC  62257 i s  to  be  used  i n  con junction  wi th  the  IEC  62257  (al l  parts) .  

The  text  o f  th is  Techn ical  Speci fi cation  i s  based  on  the  fo l lowing  documents:  

Enqu i ry  d raft  Report  on  vot i ng  

82/1 051 /DTS  82/1 1 1 5/RVC 

 
Fu l l  i n formation  on  the  voting  for  the  approval  o f  th is  Techn ical  Speci fi cation  can  be  found  i n  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC  Di rectives,  Part  2 .  

A l i s t  of  al l  parts  i n  the  IEC  62257 series,  publ i shed  under the  general  t i t l e  Recommendations 
for renewable energy and hybrid systems for rural electrification,  can  be  found  on  the  IEC  
websi te.  

Fu tu re  standards  i n  th is  series  wi l l  carry the  new general  t i t le  as  ci ted  above.  Ti tl es  of  existing  
standards  i n  th is  series  wi l l  be  updated  at  the  time  of  the  next  ed i tion .  
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The  commi ttee  has  decided  that  the  con ten ts  of  th is  publ i cation  wi l l  remain  unchanged  un ti l  
the  stabi l i ty  date  i nd icated  on  the  IEC  web  s i te  under "h ttp: //webstore. i ec. ch "  i n  the  data 
related  to  the  speci fi c  publ ication .  At  th is  date,  the  publ i cation  wi l l  be  

•  transformed  i n to  an  I n ternational  s tandard ,  

•  recon fi rmed,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or  

•  amended .  

A bi l i ngual  version  of  th is  publ icati on  may be  i ssued  at  a  later date.  

 

IMPORTANT – The 'colour inside'  logo  on  the  cover page of  th is  publ ication  ind icates 
that  i t  contains  colours  which  are  considered  to  be  usefu l  for  the  correct  
understanding  of  i ts  contents.  Users  should  therefore prin t  th is  document  using  a  
colour printer.  
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INTRODUCTION  

I EC  62257 (al l  parts)  provides  support  and  strateg ies  for  and  i nsti tu tions  i nvolved  i n  ru ral  
e lectri fi cation  projects.  I t  documents  techn ical  approaches  for  design ing ,  bu i l d ing ,  testi ng ,  and  
main tain ing  off-g rid  renewable  energy and  hybrid  systems  wi th  AC  nominal  vo l tage  below 
500  V,  DC  nom inal  vo l tage  below 750  V  and  nominal  power below 1 00  kVA.  

These  documents  are  recommendations  to  support  buyers  who  wan t  to  connect  wi th  good  
qual i ty  options  i n  the  market:   

•  to  choose  the  ri gh t  system  for  the  ri gh t  place,  

•  to  design  the  system,  and  

•  to  operate  and  main tain  the  system.  

These  documents  are  focused  on ly  on  techn ical  aspects  of  ru ral  o ff-g ri d  e lectri fi cation  
concentrating  on ,  bu t  not  speci fi c  to ,  developing  coun tri es.  They are  not  considered  as  al l  
i nclus ive  to  ru ral  e lectri fi cation .  The  documents  do  not  describe  a  range  of  factors  that  can  
determine  project  or  product  success:  envi ronmental ,  social ,  economic,  service  capabi l i t i es,  
and  others.   

Fu rther developments  i n  th is  f i e ld  cou ld  be  i n troduced  i n  fu tu re  steps.  

Th is  consisten t  set  of  documents  i s  best  considered  as  a  whole  wi th  d i fferen t  parts  
correspond ing  to  i tems  for  safety,  sustainabi l i ty  of  systems,  and  costs.  The  main  objectives  
are  to  support  the  capabi l i ti es  of  households  and  commun i ties  that  use  smal l  renewable  
energy and  hybrid  off-g rid  systems  and  i n form  organ izati ons  and  i nsti tu tions  i n  the  off-g rid  
power market.  

The  pu rpose  of  th is  part  o f  I EC  62257  i s  to  speci fy  qual i ty assu rance  strateg ies  for  s tand-
alone  l i gh ting  ki ts ,  i nclud ing  product  speci fi cations,  tests,  and  a  standard ized  speci fi cati on  
sheet  format.  I n  add i ti on  to  supporti ng  the  se lection  of  products  by pro ject  developers  and  
implementers,  qual i ty  assu rance  can  help  market  support  organ izations,  manu facturers,  and  
governments  ach ieve  the  goals  they have  for  off-g ri d  l i gh ti ng  pro jects.  

The  i n tended  users  of  th is  part  o f  I EC  62257  are  l i s ted  below.  I n  some  clauses  and  
subclauses  of  th i s  part  o f  I EC  62257,  a  description  of  the  appl i cation  of  the  subclause  
con ten ts  i s  offered  to  he lp  provide  con text  for  each  type  of  user.  

a)  Market  support  programmes  are  prog rammes  that  support  the  off-g rid  l i gh ti ng  market  wi th  
f i nancing ,  consumer education ,  awareness,  and  other  services.  Market  support  
programmes  often  use  qual i ty  assurance  to  qual i fy  for  access  to  services  such  as:  

– g reenhouse  gas  reduction  certi f i cati ons  or  o ther i ncen ti ves,  

– access  to  f i nancing  ( trade  or  consumer fi nance) ,  

– use  of  a  buyer seal  and  certi f i cation  (government or  non-governmental  i nsti tu ti onal  
backing ,  consumer or  "business  to  business"  seals) ,  

– participation  i n  a  publ ic  product  i n formation  database  (e. g .  s tandard ized  speci fi cation  
sheets) ,  

– access  to  a  business  network or  trade  g roup,  

– business  support  and  development  services,  

– access  to  market  i n te l l i gence,  and  

– parti cipation  i n  consumer awareness  campaigns.  

b)  Manu factu rers  and  d istribu tors  need  to  veri fy  the  qual i ty  and  performance  of  products  from  
d i fferen t  batches  and  poten tial  business  partners.  Manu factu rers  and  d i stribu tors  often  
use  qual i ty  assu rance  plans  or  requ i rements  to :  



I EC  TS  62257-9-5:201 6    I EC  201 6  – 1 9  – 

– support  qual i ty  con tro l  processes  at  a  manu facturing  plan t  or upon  receipt  o f  goods  
from  a  con tract  manu factu rer,  and  

– choose  products  to  d i stribu te.  

c)  Bu lk procurement programmes  faci l i tate  or place  large  orders  for  devices  from  a  
d i stribu tor  or manu factu rer.  Bu lk procurement  prog rammes  may use  qual i ty  assurance  to :  

– provide  devices  to  a  parti cu lar,  re latively  smal l  g roup of  end  users  whose  needs  are  
understood  (e. g . ,  project  developers  and  implementers  for an  e lectri fi cation  project  
may i nclude  qual i ty  assurance  requ i rements  i n  the  GS  of  an  e lectri f i cation  pro ject  (see  
IEC  TS  62257-3) ) ,  and  

– organ ize  a  subsidy,  buy-down ,  or  g i veaway programme that  wi l l  serve  a  broad  set  o f  
users.  

d )  Trade  regu lators  are  typical l y  government  po l i cymakers  and  offi cials  who  craft  and  
implement  trade  and  tax  pol i cy.  Regu lators  may use  qual i ty  assu rance  requ i rements  to:  

– qual i fy  for  exemption  from  tax  or  du ties,  and  

– establ i sh  requ i rements  for customs.  

Th is  part  of  I EC  62257 establ i shes  the  framework for  creating  a  product  speci fi cation ,  the  
basis  for  evaluati ng  qual i ty  for  a  parti cu lar  con text.  Product  speci fi cations  i nclude  m in imum  
requ i rements  for  qual i ty  s tandards  and  warran ty requ i rements.  Products  are  compared  to  
speci fi cations  based  on  test  resu l ts  and  other i n formation  abou t  the  product.  The  product  
speci fi cation  framework i s  fl exible  and  can  accommodate  the  goals  of  d i verse  organ izations  
and  i nsti tu tions.  

There  i s  a  range  of  tests  ou tl i ned  i n  th is  part  o f  I EC  62257;  some  are  s imple  enough  to  be  
completed  i n  the  fi e ld  by project  developers  wh i l e  others  requ i re  l aboratory equ ipment.  The  
tests  and  i nspections  are  designed  to  be  widely appl i cable  across  d i fferen t  markets,  coun tries,  
and  reg ions.  

Standard ized  speci fi cation  sheets  are  also  defined  that  can  be  used  to  commun icate  the  test  
resu l ts.  Combined  wi th  a  set  o f  product  speci fi cations,  the  i n formation  i n  the  standard ized  
speci fi cation  sheet  can  i n form  the  use  of  a  qual i ty  and/or performance  label .  
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RECOMMENDATIONS FOR RENEWABLE ENERGY  
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION  –  

 
Part  9-5:  Integrated  systems –  

Selection  of stand-alone l ighting  ki ts  for rural  electri fication  
 
 
 

1  Scope  

Th is  part  of  I EC  62257,  wh ich  i s  a  Techn ical  Speci fi cation ,  appl ies  to  stand-alone  
rechargeable  e lectric  l i gh ting  appl iances  or  ki ts  that  can  be  i nstal led  by a  typical  user  wi thou t  
employing  a techn ician .  

Th is  part  of  I EC  62257 presen ts  a  qual i ty assurance  framework that  i ncludes  product  
speci fi cations  (a  framework for  i n terpreting  test  resu l ts) ,  test  methods,  and  standard ized  
speci fi cation  sheets  ( templates  for  commun icati ng  test  resu l ts) .   

2  Normative references 

The  fo l l owing  documents,  i n  whole  or  i n  part,  are  normatively referenced  i n  th is  document  and  
are  i nd ispensable  for  i ts  appl icati on .  For  dated  references,  on ly  the  ed i t ion  ci ted  appl i es.  For 
undated  references,  the  l atest  ed i ti on  of  the  referenced  document  ( i nclud ing  any 
amendments)  appl ies.  

I EC  60529,  Degrees of protection provided by enclosures (IP Code) 

I EC  60891 :2009,  Photovoltaic devices – Procedures for temperature and irradiance 
corrections to measured I-V characteristics 

IEC  60904-1 :2006,  Photovoltaic devices – Part 1: Measurement of photovoltaic current-
voltage characteristics 

IEC  61 056-1 :201 2,  General purpose lead-acid batteries (valve-regulated types) – Part 1: 
General requirements,  functional characteristics – Methods of test  

IEC  61 21 5  (al l  parts) ,  Terrestrial photovoltaic (PV) modules – Design qualification and type 
approval 

IEC  61 427-1 :201 3,  Secondary cells and batteries for renewable energy storage – General 
requirements and methods of test – Part 1: Photovoltaic off-grid application 

I EC  61 672-1 ,  Electroacoustics – Sound level meters – Part 1: Specifications 

I EC  61 951 -2:201 1 ,  Secondary cells and batteries containing alkaline or other non-acid 
electrolytes – Portable sealed rechargeable single cells – Part 2: Nickel-metal hydride 

IEC  61 960:201 1 ,  Secondary cells and batteries containing alkaline or other non-acid 
electrolytes – Secondary lithium cells and batteries for portable applications 

I EC  62087-1 :201 5,  Audio,  video,  and related equipment – Determination of power 
consumption – Part 1: General 
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I EC  62087-2:201 5,  Audio,  video,  and related equipment – Determination of power 
consumption – Part 2: Signals and media 

I EC  62087-3:201 5,  Audio,  video,  and related equipment – Determination of power 
consumption – Part 3: Television sets 

CIE  1 5:2004,  Colorimetry 

CIE  084,  The measurement of luminous flux 

CIE  1 3 . 3 ,  Method of measuring and specifying colour rendering properties of light sources 

CIE  1 27,  Measurement of LEDs 

CIE  1 77,  Colour rendering of white LED light sources 

IESNA LM-78-07,  IESNA approved method for total luminous flux measurement of lamps 
using an integrating sphere photometer 

IESNA LM-79-08,  I ES  approval  method  for  electrical and photometric measurements of solid 
state lighting products 

IESNA LM-80-08,  Approved method: measuring lumen maintenance of LED light sources  

3  Terms and  defin i tions  

For the  pu rposes  of  th is  document,  the  fo l l owing  terms  and  defin i t i ons  apply.  

3.1   
i l l uminance  
i l l uminance of  an  elementary surface 
E  
l um inous  f l ux  received  by an  e lementary su rface  d i vided  by the  area of  th i s  surface  

Note  1  to  en try:  I n  the  S I  system  of  u n i ts ,  i l l um i nan ce  i s  expressed  i n  l u x  ( l x)  or  l umens  per  squ are  metre  ( lm /m 2 ) .  

[SOURCE:  IEC  60050-723:1 997,  723-08-30]  

3.2   
capaci ty  
capaci ty of  a  cel l  or  a  battery  
electric  charge  wh ich  a  ce l l  or  battery can  del i ver under speci fi ed  d i scharge  cond i t ions  

Note  1  to  en try:  The  S I  u n i t  for  e l ectri c  charge ,  or  qu an ti ty  o f  e l ectri ci ty,  i s  the  cou l om b  (1  C  =  1  A· s )  bu t  i n  
practi ce,  capaci ty  i s  u su al l y  expressed  i n  ampere  hou rs  (Ah ) .  

[SOURCE:  IEC  60050-482:2004,  482-03-1 4]  

3.3   
device  under test  
DUT 
particu lar sample  that  i s  being  measured  or  observed  

[SOURCE:  IEC  62257-1 2-1 :201 5,  3 . 29]  
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3.4   
l i fe  
l i fe  of  a  l amp  
total  t ime  for  wh ich  a  l amp has  been  operated  before  i t  becomes  useless,  or  i s  considered  to  
be  so  accord ing  to  speci fi ed  cri teria  

Note  1  to  en try:  Lamp l i fe  i s  u su al l y  expressed  i n  hou rs .  

[SOURCE:  IEC  60050-845:1 987,  845-07-61 ]  

3.5   
l ux  
i l l um inance  produced  on  a  su rface  of  area 1  square  metre  by a  l uminous  fl ux  of  1  l umen  
un i form ly d i stribu ted  over that  su rface  

Note  1  to  en try:  Lux  i s  the  S I  u n i t  o f  i l l um i nan ce.  

[SOURCE:  IEC  60050-845:1 987,  845-01 -52,  mod i fied  – The  formu la has  been  om i tted ,  and  
the  note  has  been  replaced  by a  new note  to  en try. ]  

3.6   
colour rendering  index 
CRI  
measure  of  the  degree  to  wh ich  the  psychophysical  co lour  of  an  object  i l l um inated  by the  test  
i l l um inan t  con forms  to  that  of  the  same object  i l l um inated  by the  reference  i l l um inant,  su i table  
al lowance  having  been  made  for  the  state  of  ch romatic  adaptation  

[SOURCE:  IEC  60050-845:1 987,  845-02-61 ,  mod i fied  – The  symbol  "R"  has  been  replaced  by 
"CRI "  and  the  note  has  been  om i tted . ]  

3.7   
correlated  colour temperature 
CCT 
temperatu re  of  the  P lanckian  rad iator whose  perceived  co lou r most  closely resembles  that  o f  
a  g i ven  stimu lus  at  the  same  brigh tness  and  under speci fied  viewing  cond i ti ons  

Note  1  to  en try:  The  corre lated  co l ou r  temperatu re  i s  expressed  i n  ke l vi n  (K) .  

[SOURCE:  IEC  60050-845:1 987,  845-03-50,  mod i fied  – Notes  1  and  2  have  been  replaced  by 
a  new note  to  en try. ]  

3.8   
fu l l  width  hal f  maximum  
FWHM  
range  of  a  variable  over wh ich  a  g iven  characteristic  i s  g reater  than  50  % of  i ts  maximum  
value  

Note  1  to  en try:  FWH M  m ay be  appl i ed  to  ch aracteri s ti cs  such  as  rad i at i on  pattern s,  spectral  l i newi d ths,  e tc. ,  and  
the  vari abl e  m ay be  wavel eng th ,  spati al  o r  angu l ar  propert i es ,  etc. ,  as  appropri ate .  

[SOURCE:  IEC  60050-731 :1 991 ,  731 -01 -57]  

3.9   
ampere 
A  
SI  un i t  of  e lectric  cu rren t,  equal  to  the  d i rect  cu rren t  wh ich ,  i f  main tained  constant  i n  two  
straigh t  paral le l  conductors  of  i n fin i te  l eng th ,  o f  ci rcu lar cross-secti on  wi th  neg l i g ible  area,  
and  placed  1  metre  apart  i n  vacuum,  wou ld  produce  between  these  conductors  a  force  per  
l eng th  equal  to  2  ×  1 0–7  N /m  
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Note  1  to  en try:  CGPM  defi n i t i on  i s  as  fo l l ows:  "Th e  ampere  i s  that  constan t  cu rren t  wh ich ,  i f  mai n tai ned  i n  two  
s trai g h t  paral l e l  conductors  of  i n fi n i te  l eng th ,  o f  n eg l i g i bl e  c i rcu l ar cross -secti on ,  and  pl aced  1  m etre  apart  i n  
vacu um ,  wou ld  produ ce  between  these  con ductors  a  force  equal  to  2  ×  1 0–7  n ewton  per  metre  o f  l eng th . "  

[SOURCE:  IEC  60050-1 1 2:201 0,  1 1 2-02-07]  

3.1 0   
mu l timeter  
mu l ti - range  mu l ti - function  measuring  i nstrument  i n tended  to  measure  vo l tage,  curren t  and  
sometimes  other  e lectri cal  quan ti t i es  such  as  resistance  

[SOURCE:  IEC  60050-31 2:2001 ,  31 2-02-24]  

3.1 1   
ammeter   
i nstrument  i n tended  to  measure  the  value  of  a  cu rren t  

[SOURCE:  IEC  60050-31 3:2001 ,  31 3-01 -01 ]  

3.1 2   
vol tmeter  
i nstrument  i n tended  to  measure  the  value  of  a  vo l tage  

[SOURCE:  IEC  60050-31 3:2001 ,  31 3-01 -03]  

3.1 3   
i l l uminance meter 
i nstrument  for measuring  i l l um inance  

[SOURCE:  IEC  60050-845:1 987,  845-05-1 6]  

3.1 4   
photometer  
i nstrument  for measuring  l i gh t  

[SOURCE:  IEC  60050-845:1 987,  845-05-1 5,  mod i fi ed  – The  term  "photometri c  quan ti t i es"  has  
been  replaced  by " l i gh t" . ]  

3.1 5   
pyranometer 
i nstrument  for measuring  i nciden t  g lobal  (d i rect-beam  and  d i ffuse)  so lar rad iati on  

3.1 6   
in tegrating  sphere  
hol low sphere  whose  i n ternal  su rface  i s  a  d i ffuse  reflector,  as  non-selecti ve  as  possible.  

Note  1  to  en try:  An  i n teg rati ng  sphere  i s  u sed  frequ en tl y  wi th  a  rad i ometer  or  photometer.  

Note  2  to  en try:  An  i n teg rati ng  sphere  i s  u sed  to  determ in e  th e  to tal  l um i nous  f l u x  ( l umen  ou tpu t)  o f  a  l i g h t i ng  
devi ce.  

[SOURCE:  IEC  60050-845:1 987,  845-05-24,  mod i fi ed  – A second  note  to  en try  has  been  
added. ]  

3.1 7  
goniophotometer   
photometer for measuring  the  d i recti onal  l i gh t  d i stribu tion  characteristics  of  sources,  
l um inai res,  med ia  or  su rfaces  
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[SOURCE:  IEC  60050-845:1 987,  845-05-22]  

3.1 8   
power supply  
electric  energy converter wh ich  draws  e lectri c  energy from  a  source  and  suppl ies  i t  i n  a  
speci fi ed  form  to  a  l oad  

[SOURCE:  IEC  60050-1 51 :2001 ,  1 51 -1 3-76]  

3.1 9   
overvol tage protection   
protection  i n tended  to  operate  when  the  power system  vol tage  i s  i n  excess  of  a  
predetermined  value  

[SOURCE:  IEC  60050-448:1 995,  448-1 4-32]  

3.20   
IP  class 
IP  rating  
degree  of  protection  provided  by enclosures  for  e lectrical  equ ipment  against  penetrati on  by 
fore ign  bod ies  and  dust/water 

Note  1  to  en try:  I P  means  " i ng ress  protecti on " .  

3.21   
portable 
connected  i n  a  way that  makes  a  product  or  subsystem  easy for  an  i nd ividual  to  carry 

Note  1  to  en try:  Products  or  su bsystems  are  portabl e  wh en  two  or  more  o f  th e  m ai n  com ponen ts  (en erg y sou rce,  
energy s torage,  and  l i g h t  sou rce)  are  con nected  i n  th i s  way.  

3.22   
fixed  
designed  for permanent  or sem i -permanent  moun ting  and  use  i n  place  

Note  1  to  en try:  Products  or  subsystems  are  f i xed  when  th e  main  componen ts  (energy  sou rce,  energy s torage,  
and  l i gh t  sou rce)  are  des i g ned  i n  th i s  way.  

3.23   
separate  
wi thou t  so lar modu le  or  wi th  a  so lar modu le  connected  to  other componen ts  via a  cable  that  i s  
su ffi cien tly  l ong  to  al l ow the  so lar modu le  to  col lect  energy ou tdoors  wh i l e  the  other product  
componen ts  remain  i ndoors  

3.24   
i n tegrated  
wi th  a  solar modu le  i n teg rated  i n to  the  same  casing  as  the  other componen ts  or  connected  to  
other  componen ts  via  a  cable  that  i s  too  short  to  al l ow the  solar modu le  to  co l lect  energy 
ou tdoors  wh i l e  the  other product  componen ts  remain  i ndoors  

3.25   
metadata 
i n formation  that  re lates  a  test  resu l t  to  a  speci fi c  sample  and  provides  con text  abou t  the  resu l t  
(e. g .  speci fi c  test  method  used)  

3.26  
l i ght  emi tting  d iode 
LED 
sol id  state  device  embodying  a  p-n  j unction ,  em i tt i ng  optical  rad iation  when  exci ted  by an  
electri c  curren t  
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[SOURCE:  IEC  60050-845:  1 987,  845-04-40]  

3.27  
low-vol tage d isconnect  
LVD 
battery vo l tage  at  wh ich  the  load  term inals  of  the  charge  con tro l l er  are  swi tched  off  to  prevent  
the  battery from  over d ischarg ing  

Note  1  to  en try:  Th i s  i s  a  speci f i c  case  o f  a  " l oad  d i sconnect  po i n t"  as  defi ned  by  I EC  62509:201 0 ,  3 . 1 1 .  

3.28  
standby loss  
quan ti ty  of  e lectrici ty  (e lectric  charge) ,  expressed  as  a  fraction  of  the  total  battery capaci ty,  
d rawn  from  a  product’s  battery wi th  the  product  swi tched  off  over a  speci fi c  l eng th  of  t ime  

3.29   
compact  fluorescent  lamp 
CFL  
d ischarge  l amp of  the  l ow pressure  mercu ry type  i n  wh ich  most  of  the  l i gh t  i s  em i tted  by one  
or  several  l ayers  of  phosphors  exci ted  by the  u l travio let  rad iati on  from  the  d ischarge,  typical ly  
se l f-bal lasted  wi th  a  tube  that  i s  wound  i n  a  spi ral  or  arched  shape  to  make  i t  "compact"  as  
opposed  to  l i near f l uorescent  l amps  

3.30   
pink noise 
noise  whose  power spectral  densi ty  i s  i nversely  proportional  to  frequency 

3.31   
standard  operating  vol tage 
standard ized  vol tage  correspond ing  to  a  typical  battery operating  po in t  du ring  d ischarge  

3.32   
typical  port  vol tage 
vol tage  present  at  a  port  wi th  a  standard ized  typical  l oad  and  battery operating  vol tage    

3.33   
coefficient  of  variation  
ratio  of  the  standard  deviation  to  the  mean  

4 System  l imi ts  

4.1  System  description  

4. 1 .1  Components 

A stand-alone  l i gh ti ng  ki t  typical l y  comprises:  

•  The  main  components:  

– an  energy source:  

a)  so lar photovol taic  modu le  ( i n tegrated ,  supported  by or  complete ly separate  from  
the  casing ) ,  

b)  e lectromechan ical  charger (hand  crank,  pedal  power,  or  o ther) ,  and/or 

c)  general  DC  power i npu t  (normal l y  used  wi th  a  cen tral  charg ing  station  or  AC-DC 
converters  to  charge  via g rid  power) .  

– one  or  several  l i gh t  sources  ( typical l y  CFL or  LED) ,  

– battery/batteries,  and  
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– l oads  (optional ) ,  such  as  appl iances  ( l i gh ting ,  te levis ion ,  rad io ,  fan ,  etc. ) ,  and  l oad  
adapter  cables  (e . g .  for  mobi le  phones) .  

•  The  enclosure  and  other componen ts:  

– casing  or  several  casings  ( i nclud ing  some  translucen t  parts  i n  many cases) ,  

– ci rcu i ts  (battery charge  and  d ischarge  con trol ler,  regu lated  vo l tage  and  cu rren t  
sources) ,  

– wi ri ng  to  connect  the  ci rcu i ts  to  each  other and  the  main  componen ts,  

– fasteners  to  secure  componen ts  i n  the  casings,  

– swi tches  for  l i gh t  con tro l /selection ,  

– cables  and  connectors,   

– protecti ve  devices,  

– status  i nd icators/user feedback,  

– accessories  (auxi l iary  power ou tlet,  mobi le  phone  charg ing  or  other appl iance  i n terface,  
rad io ,  fan ,  TV,  etc. ) ,  and/or 

– hardware  for mounti ng .  

4.1 .2  Component  categories  

Components  of  s tand-alone  l i gh ti ng  ki ts  can  be  placed  i n to  one  of  fou r categories  based  on  
the  arrangement  of  componen ts.  The  four  categories  are  fi xed  i ndoor,  f i xed  ou tdoor,  portable  
separate,  and  portable  i n tegrated .  I t  i s  importan t  to  categorize  them  because  they have  
d i fferen t  i nheren t  u ti l i ty  to  the  user and  wi l l  encoun ter  d i fferen t  envi ronmental  cond i ti ons  
based  on  thei r  design .   

D i fferen t  qual i ty  s tandards  may apply to  d i fferen t  categories.   

Each  ki t  can  con tain  componen ts  from  mu l tiple  categories.  Appl iances  i ncluded  wi th  the  ki t  
may also  be  categorized  accord ing  to  th is  same  system.  

The  fi rst  word  i n  each  category name refers  to  the  portabi l i ty  o f  the  system.   

•  F i xed  components  are  designed  for  permanent  or sem i -permanent  moun ting  and  use  i n  
p lace.   

•  Portable  componen ts  are  i nheren tly  portable  and  general l y  con tain  an  i n ternal  energy 
source.  For  example,  a  s tand-alone  l i gh ting  ki t  can  be  a  portable  componen t  wi th  the  l i gh t  
source  and  battery permanently  or  temporari l y  j o ined .  

Fi xed  componen ts  are  fu rther classi fi ed  based  on  the  expected  use  location :  

a)  Fi xed  i ndoor components  are  not  i nherently  portable  and  are  used  i ndoors.  I f  a  f i xed  
i ndoor componen t  i s  connected  to  a  componen t that  i s  i n tended  to  be  used  ou tdoors  (such  
as  a  PV modu le) ,  the  cable  connecting  the  two  componen ts  shal l  be  su ffi cien tly  l ong  to  
place  the  ou tdoor componen t  ou tdoors  i n  an  appropriate  l ocati on  wh i le  the  i ndoor 
component  remains  i ndoors.  Otherwise,  the  fi xed  ou tdoor category shal l  apply.  See  Figure  
1  for  an  example.  
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Figure  1  – Fixed  indoor components  – Example 

b)  Fi xed  ou tdoor  components  are  not  i nherently  portable  and  are  i n tended  to  be  used  
ou tdoors,  or  are  connected  to  componen ts  i n tended  to  be  used  ou tdoors  by a  cable  of  
i nsu ffi cien t  l eng th  to  al l ow the  componen t  i n  question  to  be  placed  i ndoors.  Fi xed  ou tdoor 
components  may con tain  i n tegrated  PV modu les;  however,  PV modu les  wi thou t  add i ti onal  
components  form  thei r  own  category.  See  Figure  2  for  an  example.  

 

Figure  2  – Fixed  outdoor components wi th  an  indoor l ight  point  – Example  

Portable  components  are  fu rther  classi fi ed  by the  presence  or  absence  of  an  i n tegrated  so lar 
modu le:  

c)  Portable  separate  components  are  portable,  wi th  a  battery and  load  permanentl y  or  
temporari l y  j o ined .  I f  the  component  i s  i n tended  to  be  connected  to  a  f i xed  ou tdoor or  
portable  i n teg rated  componen t  or a  PV modu le,  the  cable  connecting  the  two  componen ts  
shal l  be  su ffi ci en tly  l ong  to  place  the  ou tdoor componen t ou tdoors  i n  an  appropriate  
l ocation  wh i le  the  i ndoor componen t remains  i ndoors;  o therwise,  the  portable  i n tegrated  
category shal l  apply.  See  Fi gure  3  for  an  example.  
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Figure 3  – Portable  separate  components  – Example 

d)  Portable  i n tegrated  components  are  portable  and  are  charged  wi th  a  so lar  modu le  that  i s  
i n tegrated  i n  the  casing  or  i s  otherwise  designed  so  that  the  whole  componen t  shal l  be  l eft  
ou tdoors  to  charge  via  the  so lar  modu le.  Th is  i ncludes  portable  componen ts  that  are  
i n tended  to  be  connected  to  f i xed  ou tdoor or portable  i n teg rated  componen ts,  or  a  PV 
modu le,  by a  cable  of  i nsu fficien t  l eng th  to  al l ow the  componen t  i n  question  to  be  placed  
i ndoors.  Portable  i n tegrated  componen ts  may con tain  PV modu les;  however,  PV modu les  
wi thou t  add i ti onal  componen ts  form  thei r  own  category.  See  Fi gu re  4  for  an  example.  

 

Figure  4  – Portable  integrated  components  – Example 

PV modu les  may be  subjected  to  d i fferen t  s tandards  for  du rabi l i ty  ( i nclud ing  physical  and  
water  i ng ress  protection ) ,  and  are  therefore  considered  a  separate  category:  

e)  PV modu les  i nclude  one  or  more  PV cel l s  su rrounded  by encapsu lati ng  or  lam inating  
materials  wi th  a  transparent  g lass  or  p lastic  coveri ng ,  plus  a  j uncti on  box moun ted  on  the  
back of  the  modu le  for  e lectri cal  connections.  A PV modu le  may be  surrounded  by a frame,  

IEC  

IEC  
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typical l y of  metal  or  p lastic,  and  may i nclude  moun ting  brackets  or o ther hardware.  Th is  
category appl ies  on ly  to  PV modu les;  assembl ies  con tain ing  one  or  more  PV modu les  plus  
add i ti onal  e lectrical  or  e lectron ic  components,  such  as  ci rcu i t  boards  or  batteries,  shal l  be  
considered  fi xed  ou tdoor componen ts.  

4.1 .3  Lighting  parts  defin i t ions  

The  portion  of  the  ki t  wh ich  provides  l i gh ting  can  also  be  d ivided  i n to  several  subsystems,  as  
defi ned  below.  The  subsystems  are  nested  beg inn ing  wi th  the  smal lest  subsystem  and  
working  down  to  complete  ki ts .  

a)  Ligh t  source(s) :  i nd i vidual  LED,  CFL,  or  o ther l i gh t  em i tti ng  componen ts .  

b)  Array(s) :  s i ng le  or g rouped  l i gh t  sources  that  can  be  con trol l ed  i ndependen tl y  from  other 
arrays.  

c)  Li gh t  poin t(s)  or  l i gh ting  appl iance(s) :  house  one  or  more  arrays  and  can  be  moved  wi th  
respect  to  other l i gh t  poin ts,  i f  there  are  more  than  one.  

d )  Li gh ti ng  un i t(s) :  s tand-alone  parts  of  the  ki t,  each  wi th  an  i ndependen t  battery that  powers  
one  or  more  l i gh t  poin ts.   

NOTE  I t  i s  appropri ate  to  categori ze  each  l i g h t  u n i t  (as  descri bed  i n  4. 1 . 2)  separate l y,  s i nce  the  arran gemen t  
o f  battery and  l i g h t  po i n t(s )  can  be  d i fferen t  i n  d i fferen t  l i g h t  u n i ts .  

e)  Ligh ti ng  ki t:  the  overal l  package  of  i n teg rated  componen ts,  i nclud ing  one  or  several  
l i gh ting  un i ts  and  poten tial l y  o ther l oads  or  appl iances.  

Fi gu re  5  below i l l ustrates  how a  hypothetical  l i gh ting  ki t  can  be  subd ivided  and  categori zed .  
The  levels  of  d i vis ion  are  l abel led  wi th  l etters,  correspond ing  to  the  descriptions  above.  There  
are  s i x  l i gh t  sources  (A)  i n  th is  ki t  d i vi ded  among  fou r arrays  (B) .  Two  of  the  th ree  l i gh t  po in ts  
(C)  have  one  array;  the  th i rd  l i gh t  poin t  ( i n  the  m idd le  – C2)  has  two  arrays.  Note  that  one  of  
the  arrays  – the  one  wi th  th ree  l i gh t  sources  – i s  tu rned  off  and  the  other i s  on .  There  are  two  
l i gh t  un i ts  (D) .  The  l i gh t  un i t  on  the  left  (D1 )  can  be  categorized  as  portable  separate;  the  
other l i gh t  un i t  (D2)  can  be  categori zed  as  fi xed  i ndoors.  Both  un i ts  are  i ncluded  i n  a  s ing le  
l i gh ting  ki t  (E) .  Note  that  al though  on ly  l i gh ts  are  i l l ustrated  below,  other appl iances  are  often  
i ncluded  i n  the  ki t.  
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Figure  5  – Division  of  a  l ighting  ki t  i nto  subsystems – I l lustrative  example 

4. 1 .4  Add i tional  system  elements 

I n  add i ti on  to  techn ical  e lements,  a  system  can  also  i nclude:  

•  packag ing  wi th  i n formation  abou t  the  product,  

•  u ser’s  manual (s) ,   

•  vari ous  adverti s ing  for  the  product  across  med ia:  pri n t,  rad io,  te levision ,  i n ternet,  and  
others,  and/or 

•  warran ty  support  from  the  manu factu rer,  and  

•  hardware  for  mounti ng  the  PV modu le  or  ou tdoor componen ts.  

4.2  System  measurements  and  observations 

4.2.1  General  

Subclause  4. 2  describes  aspects  of  an  off-g rid  l i gh ti ng  product  that  can  be  measured  and/or  
observed  to  ascertain  i ts  qual i ty  and  performance.  The  aspects  are  g rouped  i n to  categories,  
and  each  aspect  beg ins  wi th  a  description  of  i ts  re levance.  The  aspects  can  be  measured  
and/or observed  us ing  test  procedures,  wh ich  are  general l y classi fied  as  "A"  or  "B"  C lass  A 
test  procedures  wi l l  general l y  resu l t  i n  measurements  that  are  more  accurate  or  l ess  
subjecti ve  than  class  B  procedures,  bu t  class  A procedures  are  also  general l y  more  costl y  to  
implement.  The  appropriateness  of  class  A or class  B  procedures  depends  on  the  parti cu lar  
aspect  and  con text  of  the  testi ng .  A class  C  procedure  i s  speci fied  for selected  procedures  
that  may be  done  wi th  " f i e ld  mod i fi cations"  (see  Annex AA) .  The  description  of  each  aspect  
concludes  wi th  a  descripti on  of  the  resu l t  from  the  test  procedure,  the  un i ts ,  and  an  example  
resu l t.  I n  some  cases,  mu l tiple  pieces  of  i n formation  are  g rouped  i n  a  s i ng le  aspect  for  clari ty 
and  concis ion .   

IEC  
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4.2.2  Product  design ,  manufacture,  and  marketing  aspects  

4.2.2.1  Arrangement  of  components  

The  arrangement  of  componen ts  i s  a  cri t i cal  aspect  to  observe  because  i t  determines  the  
product  category.  D i fferen t  arrangements  wi l l  o ffer  d i fferen t  u ti l i ty  to  the  end  user.   

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  qual i tati ve  description  of  each  separate  e lectron ic  enclosu re  and  what  i s  housed  i n  
or mounted  on  each .  

d )  Un i ts :  qual i tati ve  descripti on .  

EXAMPLE  Enclosu re  A con tai ns  the  battery  an d  h as  a  gooseneck l i g h t  po i n t  protrud i n g  from  th e  top.  Encl osu re  B  
i s  a  remote  l i g h t i ng  po i n t  wi th  ambien t,  omn i d i recti onal  LEDs  moun ted  on  the  ou ts i de;  i t  i s  connected  to  
Encl osu re  A  wi th  a  5  m  cabl e .  A  so l ar  modu l e  wi th  a  6  m  cabl e  fo r  connecti on  powers  Encl osu re  A.   

4.2.2.2  Charg ing  system  in formation  

Th is  notes  al l  the  avai lable  opti ons  for  charg ing  the  device.  The  key i tems  to  note  are  whether 
the  device  can  be  charged  by "central "  charg ing  (e . g .  via  e lectri c  g rid  connection  or  at  a  
cen tral  charg ing  station ) ,  " i ndependen t"  charg ing  (e . g .  via  an  i ncluded  photovol taic  or  
e lectromechan ical  generator) ,  or  both .  The  avai lable  charg ing  options  can  help  determ ine  the  
u ti l i ty  o f  the  device  for  users  based  on  the  performance  aspects  (see  4.2 . 8) .  

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  Annex D :  manu factu rer se l f- reported  i n formation .  

c)  Resu l t  ( for  each  charg ing  option ) :   

1 )  charger type;  

2)  cen tral  or  i ndependen t.  

d )  Un i ts:  qual i tati ve  type.  

EXAMPLE  Two  charg i ng  opti ons :  i ndependen t  so lar  charg i ng  vi a  the  i ncl uded  modu l e ,  and  cen tral  g ri d  charg i ng  
vi a  an  auxi l i ary  i npu t  des i gned  for  use  wi th  mobi l e  ph one  charg ers  (n ot  i n cl u ded ) .  

4.2.2.3  Lighting  system  information  

Th is  describes  the  types  of  l i gh t  sources  used  i n  the  product  and  thei r  arrangement.  Th is  i s  
importan t  for understand ing  the  general  product  design .  

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  Annex D:  manu factu rer se l f-reported  i n formation .  

c)  Resu l t:  qual i tati ve  description  of  the  type,  number,  and  arrangement of  l i gh t  sources.  

d )  Un i ts:  qual i tati ve  descripti on .  

EXAMPLE  See  4 . 1 . 3 .   

4.2.2.4  Energy storage system  in formation  

Th is  describes  the  type  and  number of  energy storage  systems  i ncluded  i n  the  product.   

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  Annex D:  manu factu rer se l f-reported  i n formation .  

c)  Resu l t:  the  type  and  number of  batteries  i n  the  system.  

d )  Un i ts:  qual i tati ve  descripti on .  

EXAMPLE  U n i t  A  has  a  3 , 7  V  l i th i um- i on  battery wi th  a  rat i ng  o f  2  000  mAh ;  Un i t  B  has  a  3 , 7  V  l i th i um - i on  battery  
wi th  a  rati ng  o f  1  000  m Ah .  
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4.2.2.5  Battery easy replaceabi l i ty 

Th is  i s  an  assessment  of  whether a  l ow-ski l l  techn ician  can  easi l y  replace  the  battery wi th  
on ly a  screwdriver ( i . e .  no  so lderi ng ) .  I t  i s  importan t  for  considering  the  re levance  of  battery 
replacement i n formation .  Some batteries  have  l onger l i fetimes  than  others,  so  replaceabi l i ty  
can  be  less  importan t.  

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  a  yes  or  no  resu l t  on  whether i t  i s  "easy"  to  replace  the  battery.  

d )  Un i ts:  yes/no.  

EXAMPLE  Yes,  battery  i s  eas i l y  rep l aceable .  

4.2.2.6  Battery general  aspects  

Those  aspects  of  the  battery(- i es)  that  are  importan t  for  understand ing  selection  of  
replacement batteries.  

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  Annex D :  manu factu rer  se l f-reported  i n formation  or  reference  
componen t  rati ng .  

c)  Resu l t  ( for  each  battery presen t) :  

1 )  battery chemistry;  

2 )  nominal  vol tage;  

3 )  package  type;  

4)  package  s ize;  

5)  connection  type.  

d )  Un i ts:  qual i tati ve  type.  

EXAMPLE  A seal ed  l ead-aci d  4  V  pri smati c  packag e,  20  mm  ×  20  mm  ×  60  mm ,  wi re  l ead  conn ecti ons .  

4.2.2.7  Packag ing  and  user’s  manual  i nformation  

I n formation  abou t  the  packag ing ,  user’s  manual ,  and  other consumer- facing  i n formation  helps  
establ i sh  a  basel ine  for  comparing  measured  values  i n  tru th - in -adverti s ing  assessments.  
Certain  prog rammes  requ i re  parti cu lar i n formation  to  be  i ncluded  i n  the  manual ,  such  as  
i nstructi ons  for  end-of- l i fe  d isposal ,  particu larl y  for  batteries  and  other  poten tial l y  hazardous  
componen ts;  thorough  documentation  of  the  packag ing ,  user’s  manual ,  and  other consumer-
facing  i n formation  al l ows  compl iance  wi th  these  requ i rements  to  be  assessed .  

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  there  are  fi ve  types  of  resu l t:  

1 )  photograph ic  documentation  of  the  packag ing  and  manual  (or  d ig i tal  copies  of  the  
ori g i nal  proofs) ;  

2)  notes  on  the  type  of  manual  and  wh ich  languages  are  i ncluded ;  

3)  description  of  the  method  or  pathway for  replacing  componen ts,  i nclud ing  the  battery;  

4)  speci fi cations  of  componen ts  that  cou ld  requ i re  replacement  ( fuses,  batteries,  PV) ;  

5)  i nstructi ons  for  PV and  product  i nstal lation  and  operation .  

d )  Un i ts:  qual i tati ve  type  and  photog raphs.  

EXAMPLE  [Photog raphs  attach ed  to  test  reports ]  "The  user’ s  manual  i s  a  s i ng l e-sheet  i ncl uded  i n  the  package  
and  i ncl udes  pi ctog rams  wi th  explanati on s  i n  H i nd i ,  Eng l i sh ,  French ,  an d  Swah i l i . " .  
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4.2.2.8  Warranty in formation  

The  terms  and  du ration  of  warran ty coverage  provided  to  end  users  are  importan t  factors  for 
engendering  con fidence  i n  s tand-alone  off-g ri d  l i gh ti ng  and  trying  to  preven t  earl y  fai lu re.  I n  
practice,  servicing  warran ties  i s  h i gh ly  variable  depend ing  on  the  structu re  of  supply  and  
service  chains.   

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  Annex D :  manu factu rer se l f-reported  i n formation .  

c)  Resu l t:  detai l ed  warran ty terms  and  a  "concise"  vers ion  that  h igh l i gh ts  the  key poin ts  of  
coverage  and  duration .  

d )  Un i ts:  qual i tati ve  type.  

EXAMPLE  [Detai l ed  warran ty  terms  are  docum ented  i n  scann ed  attachmen ts  to  test  report]  Coverage  i s  ag ai nst  
manu factu ri n g  defects  or  u n der  normal  use  con d i t i ons .  The  product  i n  g eneral  i s  covered  for  6  mon ths  from  the  
t i me  o f  pu rch ase;  the  PV modu l e  i s  warran ted  for  2  years .   

4.2.2.9  Auxi l iary outlets,  ports  and  adapters  information  

Th is  notes  al l  the  auxi l iary ou tlets  and  ports  presen t  on  the  product.  The  i nclusion  of  USB  
ports,  ou tlets  or mobi le  phone  adapters  can  be  an  importan t  pu rchasing  factor for a  consumer.  

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  Annex D:  manu facturer  se l f-reported  i n formation .  

c)  Resu l t:  l i s t  of  i ncluded  auxi l i ary  ou tlets,  ports  and  adapters.  

d )  Un i ts:  qual i tati ve  type.  

EXAMPLE  The  product  has  a  U SB  port  wi th  mobi l e  phone  ch arg i ng  capabi l i ty  and  a  rad i o .  

4.2.2.1 0  Appl iances in formation  

Th is  notes  al l  the  appl iances  i ncluded  wi th  the  product  and  al l  appl iances  the  product  i s  
adverti sed  to  support.  Some  products  i nclude  appl iances  such  as  rad ios.  Others  i nclude  
adverti s ing  stati ng  that  they support  certain  appl iances  or  making  claims  as  to  how long  they 
can  power certain  appl iances.  

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  Annex D:  manu facturer  se l f-reported  i n formation .  

c)  Resu l t:  l i s t  of  i ncluded  appl iances  and  l i s t  of  claims  re lated  to  supporting  appl iances.  

d )  Un i ts:  qual i tati ve  type.  

EXAMPLE  The  product  i ncl udes  a  rad i o  an d  s tates  that  i t  can  "charge  a  rad i o  that  ru ns  for  1 2  h " .  

4.2.2.1 1  Other visual  screening  resu l ts  

Th is  i ncorporates  various  other  importan t  resu l ts  obtained  from  visual  screen ing  (Annex F) ,  
i nclud ing ,  bu t  not  l im i ted  to ,  componen t  d imensions,  componen t  masses,  the  number of  l i gh t  
ou tpu t  setti ngs,  and  provided  speci fi cations.  

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  Annex D :  manu facturer  sel f- reported  i n formation .   

c)  Resu l t:  various  resu l ts  i nclud ing  qual i tati ve  descriptions  and  quan ti tati ve  measurements.  

d )  Un i ts:  qual i tati ve  descriptions  and  quan ti tati ve  measurements.  

EXAMPLE  ( for  one  resu l t)  The  product’ s  l amp  u n i t  and  con tro l /battery  encl osu re  have  masses  o f  0 , 3  kg  and  
1 , 5  kg ,  respecti vel y.  
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4.2.3  Product  durabi l i ty and  workmanship  aspects  

4.2.3.1  Water protection  – enclosure 

Th is  provides  a description  of  the  product  enclosu re’s  abi l i ty  to  keep  ou t  water i n  terms  of  
IP  class.  For components  i n tended  to  be  used  and/or charged  ou ts ide,  water protection  i s  
importan t  for  product  function  as  wel l  as  user safety.  

a)  C lass  A test  procedure(s) :  Annex U :  Physical  and  water i ng ress  protection  test  accord ing  
to  I EC  60529  or  us ing  the  al ternative  methods  i f  the  al ternati ve  method  resu l ts  are  
unequ ivocal .  

b)  C lass  B  test  procedure(s) :  Annex U :  Physical  and  water i ng ress  protection  test.  

c)  Resu l t:  pass  or  fai l  for  I P  class  (second  d ig i t)  and  a  description  of  deg ree  of  water 
protection  provided  by enclosure.  

d )  Un i ts:  pass  or fai l  and  qual i tati ve  description .  

EXAMPLE  The  product  passes  I Px3 .  The  product’s  encl osu re  con tai ns  t i g h t  f i tt i ng  componen ts ,  al l  o f  wh i ch  h ave  
gaskets  to  preven t  water  i n trus i on .  

4.2.3.2  Water protection  – ci rcu i t  protection  and  drainage 

Th is  provides  a  description  of  any d rainage  means  i ncorporated  i n to  a  product  and/or ci rcu i t  
board  protection  methods  used  i n  the  product.  The  i ncorporation  of  drainage  or  ci rcu i t  board  
protection  i s  crucial  for  products  i n tended  to  be  portable  or used  ou tdoors  that  have  
enclosures  provid ing  l i tt l e  to  no  water i n trusion  protection .  

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing  combined  wi th  Annex D:  
manu facturer  se l f-reported  i n formation .  

b)  C lass  B  test  procedure(s) :  Annex D :  manu facturer  sel f- reported  i n formation .  

c)  Resu l t:  qual i tati ve  description  of  drainage  or  ci rcu i t  protection  methods  used .  

d )  Un i ts :  qual i tati ve  descripti on .  

EXAMPLE  The  product  has  a  con form al  coati ng  on  i ts  c i rcu i t  board  as  wel l  as  d rai nage  ho les  i n  the  base  o f  the  
encl osu re  to  al l ow d rai n age  o f  co l l ected  water.  

4.2.3.3  Water protection  – overal l  

Th is  combines  the  protection  afforded  by the  enclosure,  ci rcu i t  protection ,  and  consumer 
label l i ng  to  assess  the  overal l  protecti on  from  water exposure.  

a)  C lass  A test  procedure(s) :  Annex V:  l evel  of  water protection .  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  descripti ve  assessment  of  exposure  protection  by enclosure  on ly,  techn ical  means,  
and  overal l  system.  The  assessment  categories  are  "no  protecti on , "  "occasional  rai n , "  
" frequen t  rain ,  "permanent  rooftop  i nstal lation  for PV modu les, "  and  "permanent  ou tdoor 
exposure. "  

d )  Un i ts:  qual i tati ve  type.   

EXAMPLE  Enclosu re  on l y:  no  pro tecti on .  Techn i cal  m eans:  occasi onal  rai n .  Overal l :  occasi onal  rai n .  

4.2.3.4  Water protection  – solar  module  

Th is  provides  a  description  of  an  external  so lar modu le’s  abi l i ty  to  keep  ou t  water i n  terms  of  
I P  class  ( i f  the  solar modu le  i s  i n tegrated  i n to  the  product  enclosure,  then  4. 2. 3 . 1  al ready 
covers  the  solar modu le) .  So lar modu les  need  to  be  left  ou tsi de  to  co l lect  so lar  energy;  
therefore,  water protection  i s  importan t  for  so lar  modu le  functi on  as  wel l  as  user  safety.  

a)  C lass  A test  procedure(s) :  Annex U :  Physical  and  water  i ng ress  protection  test  accord ing  
to  I EC  60529  or  us ing  the  al ternative  methods  (U . 4. 4)  i f  the  al ternative  method  resu l ts  are  
unequ ivocal .  
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b)  C lass  B  test  procedure(s) :  Annex U :  Physical  and  water i ng ress  protection  test.  

c)  Resu l t:  pass  or  fai l  for I P  class  (second  d ig i t)  and  a  description  of  degree  of  water 
protection .   

d )  Un i ts:  pass  or fai l  and  qual i tati ve  description .  

EXAMPLE  The  produ ct’ s  so lar  modu le  passes  I Px4;  the  so l ar  m odu l e  i s  we l l -seal ed ,  provi d i n g  an  adequate  l evel  
o f  pro tecti on  agai nst  water  i ng ress .   

4.2.3.5  Physical  ingress  protection  

Th is  provides  a  description  of  the  deg ree  of  protection  from  the  i n trusion  of  foreign  objects  a  
componen t’s  enclosure  provides  i n  terms  of  I P  class.  Physical  i ng ress  protecti on  i s  importan t  
for  user  safety  as  wel l  as  product  functional i ty.  

a)  C lass  A test  procedure(s) :  Annex U :  Physical  and  water i ng ress  protection  test  accord ing  
to  I EC  60529  or  us ing  the  al ternati ve  methods  (U .4. 3)  i f  the  al ternati ve  method  resu l ts  are  
unequ ivocal .  

b)  C lass  B  test  procedure(s) :  Annex U :  Physical  and  water  i ng ress  protection  test.  

c)  Resu l t:  pass  or  fai l  for  IP  class  ( fi rst  d i g i t)  and  description  of  degree  of  physical  i ng ress  
protection .  

d )  Un i ts:  pass  or  fai l  and  qual i tati ve  description .  

EXAMPLE  The  product  componen ts  pass  I P  2x;  the  product  encl osu re ’s  componen ts  f i t  together we l l ,  wi th  ven ts  
sm al l er  than  1 2 , 5  mm.  

4.2.3.6  Physical  ingress  protection  – solar  module  

Th is  provides  a  descripti on  of  an  external  so lar modu le’s  abi l i ty  to  preven t  the  i n trusion  of  
fore ign  objects  i n  terms  of  I P  class  ( i f  the  so lar modu le  i s  i n tegrated  i n to  the  product  
enclosure,  then  4. 2 . 3 .5  al ready covers  the  solar modu le) .  So lar modu les  need  to  be  left  
ou tsi de  to  co l lect  so lar energy;  therefore,  physical  i ng ress  protection  i s  importan t  for  so lar 
modu le  function  as  wel l  as  user safety.  

a)  C lass  A test  procedure(s) :  Annex U :  Physical  and  water i ng ress  protection  test  accord ing  
to  I EC  60529  or  us ing  the  al ternative  methods  (U . 4. 4)  i f  the  al ternati ve  method  resu l ts  are  
unequ ivocal .  

b)  C lass  B  test  procedure(s) :  Annex U :  Physical  and  water i ng ress  protection  test.  

c)  Resu l t:  pass  or  fai l  for  IP  class  ( fi rst  d ig i t)  and  description  of  deg ree  of  physical  i ng ress  
protection .  

d )  Un i ts:  pass  or fai l  and  qual i tati ve  description .  

EXAMPLE  The  product’ s  so lar  modu le  i s  es ti mated  to  pass  I P  3x;  the  so l ar  modu l e  i s  we l l -sealed  so  that  on l y  
smal l  parti cl es  cou l d  i n trude.  

4.2.3.7  Drop resistance 

Th is  provides  an  evaluati on  of  a  product’s  robustness  and  abi l i ty  to  wi thstand  being  d ropped .  
Drop  resistance  i s  importan t  for  product  functi onal i ty  and  user safety  and  sati sfaction  i n  
portable  components.  

a)  C lass  A test  procedure(s) :  Annex W:  mechan ical  durabi l i ty  test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  pass  or  fai l  for  functional i ty,  damage,  and  the  presence  of  user safety hazards.  

d )  Un i ts:  a  pass  or  fai l  resu l t  on  whether the  DUT functions,  i ncurred  damage,  and  presented  
a  safety  hazard  to  the  user.  

EXAMPLE  When  d ropped ,  the  product  s topped  worki n g  and  i ts  g l ass  LED  cover shattered ,  presen t i ng  a  safety  
hazard  to  the  u ser.  Funct ional :  fai l .  Damage:  fai l .  Safety  hazard :  fai l .  
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4.2.3.8  Gooseneck and  moving  part  durabi l i ty 

Th is  provides  an  evaluation  of  a  product’s  gooseneck or  o ther moving  part’s  robustness  and  
abi l i ty  to  wi thstand  being  torqued  th rough  i ts  expected  range  of  motion .  Gooseneck and  
moving  part  durabi l i ty  i s  importan t  for product  functional i ty  and  user safety  and  satisfaction .  

a)  C lass  A test  procedure(s) :  Annex W:  mechan ical  du rabi l i ty  test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  a  pass  or  fai l  for  functi onal i ty,  damage,  and  the  presence  of  user  safety  hazards.  

d )  Un i ts:  a  pass  or  fai l  resu l t  on  whether the  DUT functions,  i ncurred  damage,  and  presented  
a  safety  hazard  to  the  user.  

EXAMPLE  After  the  g ooseneck/movi ng  part  test,  the  LEDs  worked  properl y  bu t  th ere  was  vi s i b l e  damag e  (a  
cracked  housi ng )  that  d i d  n ot  pose  a  hazard .  Fu ncti onal :  pass .  Damage:  fai l .  Safety:  pass .  

4.2.3.9  Connector durabi l i ty 

Th is  provides  an  evaluation  of  a  product’s  connectors’  robustness  and  abi l i ty  to  wi thstand  
plug  cycl i ng .  Connector du rabi l i ty  i s  importan t  for  product  functi onal i ty  and  user safety  and  
satisfaction .  

a)  C lass  A test  procedure(s) :  Annex W:  mechan ical  durabi l i ty  test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  a  pass  or  fai l  for  functional i ty,  damage,  and  the  presence  of  user safety  hazards.  

d )  Un i ts:  a  pass  or  fai l  resu l t  on  whether the  DUT functions,  i ncurred  damage,  and  presented  
a  safety hazard  to  the  user.  

EXAMPLE  After  400  cycl es  i n  the  connector  test ,  the  PV m odu l e ’ s  barrel  p l ug  socket  detached  from  the  DUT 
encl osu re,  renderi ng  the  PV modu l e  connector  u nusabl e .  Functi on al :  fai l .  Damage:  fai l .  Safety:  pass.  

4.2.3.1 0  Switch  durabi l i ty 

Th is  provides  an  evaluati on  of  a  product’s  swi tches’  robustness  and  abi l i ty  to  wi thstand  swi tch  
cycl i ng .  Swi tch  du rabi l i ty i s  importan t  for  product  functi onal i ty  and  user safety  and  sati sfaction .  

a)  C lass  A test  procedure(s) :  Annex W:  mechan ical  durabi l i ty  test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  a  pass  or  fai l  for  functional i ty,  damage,  and  the  presence  of  user safety  hazards.  

d )  Un i ts:  a  pass  or  fai l  resu l t  on  whether the  DUT functions,  i ncurred  damage,  and  presented  
a  safety hazard  to  the  user.  

EXAMPLE  After  600  cycles  i n  the  swi tch  test,  th e  DUT’s  l i g h t  swi tch  s topped  tu rn i ng  on  th e  DUT.  Functi on al :  fai l .  
Damage:  fai l .  Safety:  pass .  

4.2.3.1 1  Strain  rel ief  durabi l i ty 

Th is  provides  an  evaluati on  of  a  product’s  s train  re l i efs ’  robustness  and  abi l i ty  to  wi thstand  
being  pu l l ed .  Strain  re l ief  durabi l i ty  i s  importan t  for  product  functional i ty  and  user safety  and  
satisfaction .  

a)  C lass  A test  procedure(s) :  Annex W:  mechan ical  du rabi l i ty  test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  a  pass  or  fai l  for  functi onal i ty,  damage,  and  the  presence  of  user  safety  hazards.  

d )  Un i ts:  a  pass  or  fai l  resu l t  on  whether the  DUT functions,  i ncurred  damage,  and  presented  
a  safety  hazard  to  the  user.  

EXAMPLE  The  DUT’s  s trai n  re l i e fs  al l  wi thstood  the  s trai n  re l i e f  test  wi th ou t  i ncu rri ng  any damage.  Functi onal :  
pass .  Dam age:  pass .  Safety:  pass.  
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4.2.3.1 2  Wiring  qual i ty 

Th is  provides  a  qual i tative  evaluati on  of  a  product’s  wi ri ng  qual i ty,  i nclud ing  (bu t  not  l im i ted  to)  
neatness  and  connection  qual i ty.  

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  a  qual i tati ve  description  of  wi ring  qual i ty.  

d )  Un i ts:  qual i tati ve  descripti on  and  number of  fai l u res  wi th  respect  to  key i nd icators.  

EXAMPLE  The  DU T’s  wi res  are  neatl y  arrang ed  ( i . e .  not  tang l ed  or  wrapped  aroun d  one  another)  and  the  so l der  
j o i n ts  are  o f  g ood  qual i ty.  N o  bad  j o i n ts ,  p i nch ed  wi res,  or  o th er poor wi ri n g  i nd i cators .  

4.2.3.1 3  Battery protection  strategy 

Th is  provides  a  quanti tati ve  evaluation  of  a  product’s  battery d i scharge-recharge  protection  
strategy / algori thm,  wh ich  i s  importan t  for  battery longevi ty  as  wel l  as  user safety.  

a)  C lass  A test  procedure(s) :  Annex S:  charge  con tro l ler  behaviour  test.  

b)  C lass  B  test  procedure(s) :  Annex D :  manu facturer  sel f- reported  i n formation .  

c)  Resu l t:  deep d ischarge  and  overvol tage  protection  vol tages.  

d )  Un i ts:  quan ti tati ve  description  

EXAMPLE  The  DU T has  a  deep  d i scharge  protecti on  vo l tag e  o f  1 , 92  V/cel l  and  an  overvo l tage  protecti on  vo l tage  
o f  2 , 4  V/cel l .   

4.2.4  Lighting  durabi l i ty aspects  

4.2.4.1  500  h  l umen  maintenance 

Th is  i s  a  measure  of  the  amoun t  of  l i gh t  degradation  after 500  h  of  operation  at  a  constan t  
vo l tage,  wh ich  can  provide  valuable  i nsi gh t  i n to  the  qual i ty  of  the  LEDs  and/or the  DUT’s  
ci rcu i try.  

a)  C lass  A test  procedure(s) :  Annex J :  l umen  main tenance  test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  percen tage  of  l umen  ou tpu t  main tained  after 500  h  of  constan t  operation .  

d )  Un i ts:  percen tage  (%) .  

EXAMPLE  The  DU T mai n tai ned  96  % o f  i ts  o ri g i n al  l umen  ou tpu t  after  500  h  o f  operati on .  

4.2.4.2  2  000  h  lumen  maintenance 

Th is  i s  a  measure  of  the  amoun t  of  l i gh t  degradation  after  1  000  h  and  2  000  h  of  operation  at  
a  constan t  vo l tage,  wh ich  can  provide  valuable  i ns igh t  i n to  the  qual i ty  of  the  LEDs  and/or the  
DUT’s  ci rcu i try.  

a)  C lass  A test  procedure(s) :  Annex J :  l umen  main tenance  test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  percen tage  of  l umen  ou tpu t  main tained  after 1  000  h  and  2  000  h  of  constan t  
operati on .  

d )  Un i ts:  percen tage  (%) .  

EXAMPLE  The  DU T mai n tai ned  96  % and  93  %  o f  i ts  ori g i n al  l umen  ou tpu t  after  1  000  h  and  2  000  h  o f  operati on ,  
respecti ve l y.  

4.2.4.3  Fluorescent  l i ght  durabi l i ty  

These  are  add i tional  checks  of  du rabi l i ty  for  f l uorescen t  l i gh ts  that  account  for  thei r  un ique  
characteristics.  
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a)  C lass  A test  procedure(s) :  Cycl i ng  test  o f  I EC  62257-1 2-1 .  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  a  pass  or  fai l  for  cycl i ng  tests  of  I EC  62257-1 2-1 .   

d )  Un i ts:  pass  or fai l .  

EXAMPLE  The  DU T passed  the  cycl i ng  tests  o f  I EC  62257-1 2-1 .  

4.2.5  Battery performance aspects  

4.2.5.1  Battery capaci ty 

Th is  i s  a  measure  of  the  quan ti ty  of  e lectrici ty  (electric  charge) ,  usual l y  expressed  i n  ampere-
hours  (Ah) ,  wh ich  a  fu l l y  charged  battery can  del i ver  under speci fied  cond i t i ons,  wh ich  affects  
the  run  t ime  of  products.  

a)  C lass  A test  procedure(s) :  Annex K:  battery test  (al l  chemistries) ;  I EC  61 951 -1 :201 3,  7. 3 . 2 ,  
for  n ickel -cadmium  batteries;  I EC  61 951 -2:201 1 ,  7 . 3 ,  for  n ickel -metal  hydride  batteries;  or 
I EC  61 960:201 1 ,  7 . 3 . 1 ,  for l i th ium-based  batteries.  

b)  C lass  B  test  procedure(s) :  Annex D:  manu factu rer  se l f-reported  i n formation  or  reference  
componen t  rating .  

c)  Resu l t:  capaci ty  of  the  battery at  a  parti cu lar d ischarge  rate.  

d )  Un i ts:  m i l l i ampere-hours  (mAh)  at  a  d ischarge  rate  expressed  as  the  fraction  of  the  battery 
capaci ty that  i s  used  each  hou r  (It  A) .  

EXAMPLE  3  500  mAh  at  0 , 2  It  A.  

4.2.5.2  Battery round-trip  energy efficiency 

Th is  i s  a  measure  of  how effi cien t  the  DUT’s  battery i s  at  s tori ng  energy to  de l i ver for  l ater 
use.   

a)  C lass  A test  procedure(s) :  Annex K:  battery test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  s torage  effi ci ency of  the  battery pack.   

d )  Un i ts:  percen tage  (%) .  

EXAMPLE  95  %.  

4.2.5.3  Battery storage durabi l i ty 

Th is  i s  a  measure  of  battery capaci ty  degradation  from  storage,  wh ich  can  i nd icate  batteries  
that  cou ld  degrade  prematurely under typical  use.   

a)  C lass  A test  procedure(s) :  Annex BB:  battery du rabi l i ty  test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  percen t  capaci ty  l oss  from  storage.  

d )  Un i ts:  percen tage  (%) .  

EXAMPLE  The  battery’ s  capaci ty  l oss  from  s torage  i s  90  %.   

4.2.5.4  Battery nominal  vol tage 

Th is  i s  importan t  for  match ing  to  the  other  componen ts  and  determ ines,  along  wi th  the  battery 
ampere-hour capaci ty,  the  energy capaci ty of  the  battery.  I t  depends  on  the  battery chemistry 
(what  materials  are  used  to  store  energy)  and  the  number of  e lectrochemical  ce l l s  that  are  i n  
series.   

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .  



I EC  TS  62257-9-5:201 6    I EC  201 6  – 39  – 

b)  C lass  B  test  procedure(s) :  Annex D :  manu factu rer  se l f-reported  i n formation  or  reference  
componen t  rati ng .  

c)  Resu l t:  nominal  vol tage  of  the  battery pack.  

d )  Un i ts:  vo l tage  (V) .  

EXAMPLE  3 , 6  V.  

4.2.6  Solar module  aspects  

4.2.6.1  Solar I -V curve  parameters  

These  are  the  key parameters  describi ng  solar modu le  performance  at  s tandard  test  
cond i ti ons  (STC:  AM  1 , 5 ,  25  °C  cel l  temperature,  1  000  W/m 2  i rrad iance)  and  typical  modu le  
operati ng  temperature  (TMOT:  AM  1 , 5 ,  50  °C  cel l  temperature,  1  000  W/m2  i rrad iance) .  

a)  C lass  A test  procedure(s) :  I EC  60904-1 .  

b)  C lass  B  test  procedure(s) :  Annex Q:  ou tdoor photovol taic  modu le  I -V characteri stics  test.  

c)  Resu l t  ( for  both  STC and  TMOT) :   

1 )  Open  ci rcu i t  vo l tage  (Voc) .  

2 )  Short  ci rcu i t  cu rren t  (Isc) .  

3 )  Maximum  power vol tage  (Vmpp) .  

4)  Maximum  power cu rren t  (Impp) .  

5 )  Peak power (Pmpp) .  

6 )  Vol tage  temperature  coeffi cien t  (not  dependen t  on  STC  nor  TMOT) .  

d )  Un i ts:  vo l ts  (V) ,  amperes  (A) ,  watts  (W) ,  per  degree  Cels ius  (1 /°C) .  

EXAMPLE  STC  val u es:  Voc  =  7 , 5  V,  Isc  =  0 , 55  A,  Vm pp  =  5 , 8  V,  Im pp  =  0 , 50  A,  and  Pm pp  =  2 , 9  W.  The  modu l e ’ s  
vo l tage  temperatu re  coeff i ci en t  i s  -0 , 004  2/°C.  

4.2.6.2  Cable  leng th  

The  l eng th  of  so lar modu le  cables  connected  to  f i xed  ou tdoor componen ts  are  importan t  
because  i t  i s  one  aspect  that  determ ines  the  product  category;  a  m in imum  leng th  i s  typical ly  
speci fied  for products  to  "qual i fy"  as  having  separate  PV modu les  to  ensu re  that  a  user can  
place  the  so lar  modu le,  or  o ther component,  ou tdoors  wh i le  the  other components  remain  
i ndoors.  Th is  has  impl ications  for  the  deg ree  o f  water protecti on  i n  qual i ty  s tandards.  

a)  C lass  A test  procedure(s) :  Annex F:  vi sual  screen ing .   

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  There  are  two  main  ou tpu ts:   

1 )  the  l eng th  of  a  so lar modu le  cable  that  i s  usefu l  for  separating  the  so lar modu le  from  
the  enclosure  that  con tains  the  battery being  charged;  and   

2)  the  l eng th  of  the  cable  between  any fi xed  ou tdoor component  and  any other 
componen t.  

d )  Un i ts:  metres  (m) .  

EXAMPLE  3 , 5  m .  

4.2.7  Electrical  characteristics  

4.2.7.1  Appl iance vol tage compatibi l i ty  

Th is  provides  an  assessment  of  whether an  i ncluded  appl iance  can  safely  and  properly 
operate  over the  en ti re  set  o f  operati ng  cond i ti ons  of  the  DUT,  i nclud ing  d i scharg ing  wi th  a   
deeply  d ischarged  battery and  charg ing  wi th  a  nearl y  fu l l  battery.  

a)  C lass  A test  procedure(s) :  Annex EE:  assessment of  DC  ports .  
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b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  pass  or  fai l  for  functional i ty,  damage,  and  safety.  

d )  Un i ts:  pass/fai l ;  qual i tati ve  description .  

EXAMPLE  The  DU T rem ai ned  functi onal  after  the  test  and  no  damage  or  safety  hazard  was  presen t.  

4.2.7.2  Power consumption  

The  power consumed  by an  appl iance  or  l i gh ti ng  appl iance  i s  an  importan t  metri c  for use  i n  
off-g rid  appl i cations  i n  wh ich  the  supply of  energy i s  l im i ted .  The  power consumption  i s  
measured  i n  order to  calcu late  the  run  t ime  for  systems  wi th  i ncluded  appl iances.  

a)  C lass  A test  procedure(s) :  Annex FF:  appl iance  tests.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  DC  power.  

d )  Un i ts:  watts  (W) .  

EXAMPLE  1 , 50  W.  

4.2.7.3  Ci rcu i t  and  overload  protection  

Th is  provides  an  assessment  of  the  system’s  PV overvol tage  protection ,  ou tpu t  overload  
protection ,  and  safeguards  against  m iswi ri ng  i n  systems  that  i nclude  ports  or  ou tlets .   

a)  C lass  A test  procedure(s) :  Annex DD:  protection  tests.  

b)  C lass  B  test  procedure(s) :  Annex D :  manu factu rer se l f-reported  i n formation .  

c)  Resu l t:  a  pass  or  fai l  resu l t  on  whether the  un i t  had  adequate  protection ,  functioned,  or  
showed  damage,  fau l t  i nd ications  or safety hazards  after tests.  Tables  wi th  quan ti tati ve  
and  qual i tati ve  resu l ts  of  the  vo l tage  range  and  m iswi ri ng  protection  tests.  

d )  Un i ts:  vo l ts  (V) ,  pass  or  fai l  resu l ts  on  whether the  un i t  had  adequate  protection ,  
functi oned ,  or showed  damage,  fau l t  i nd ications  or  safety  hazards  after test.  

EXAMPLE  The  DU T uses  appropriate l y  s i zed  fu ses  to  provi de  adequate  c i rcu i t  protecti on .  Spare  fu ses  are  
i ncl uded  and  the  fuse  s i ze  i s  noted  on  the  product  cas i ng .  

4.2.7.4  DC ports  

Th is  provides  an  assessment  of  the  system’s  DC ports.   

a)  C lass  A test  procedure(s) :  Annex EE:  assessment of  DC  ports.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  m in imum,  typical ,  and  maximum  port  vol tages,  tables  and  plots  of  vo l tage,  cu rren t,  
power and  effi ci ency of  each  port.  

d )  Un i ts:  vo l ts  (V) ,  amperes  (A) ,  watts  (W) ,  percen tage  (%) .  

4.2.8  Performance aspects  

4.2.8.1  General  

Energy avai labi l i ty,  componen t  run  t imes  and  l i gh t  ou tpu t  are  key e lements  of  performance  for 
stand-alone  l i gh ti ng  ki ts .  Some  of  the  aspects  l i s ted  below wi l l  be  d i fferen t  for  d i fferen t  l i gh t  
setti ngs  and  appl iance  combinations.  

4.2.8.2  Dai ly energy service  

The  dai l y  energy service  i s  the  duration  of  service  provided  to  end  users  after  one  day of  
so lar charg ing  and  depends  on  the  system- level  performance  for  a  particu lar  setti ng .  The  
standard  so lar  charg ing  day i s  defined  as  an  i nciden t  so lar  resource  of  5  kWh/m 2 .  Th i s  i s  an  
importan t  metri c  because  i t  i s  an  estimate  of  the  day-to-day services  users  can  expect  i n  i deal  
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charg ing  cond i tions.  The  dai l y  energy service  depends  on  the  system-level  performance  for  a  
particu lar l i gh t  setti ng  and  combination  of  appl iances.   

a)  C lass  A test  procedure(s) :  Annex M :  fu l l -battery run  t ime  test,  Annex R:  so lar charge  test,  
Annex GG:  energy service  calcu lations.  

b)  C lass  B  test  Standards(s) :  n /a.  

c)  Resu l t:  watt∙ hours  per day of  energy avai lable  after  a  battery i s  charged  from  empty for 
one  standard  solar day.  

d )  Un i ts:  watt∙ hours  (Wh) .  

EXAMPLE  60  Wh/day.  

4.2.8.3  Solar-day l i ghting  run  time 

The  solar-day run  t ime  i s  the  du ration  of  service  provided  to  end  users  from  one  day of  so lar  
charg ing  and  depends  on  the  system-level  performance  for a  particu lar setti ng .  The  standard  
solar charg ing  day i s  defi ned  as  an  i nciden t  so lar resource  of  5  kWh/m2 .  Th is  i s  an  importan t  
metric  because  i t  i s  an  estimate  of  the  day-to-day services  users  can  expect  i n  i deal  charg ing  
cond i ti ons.  I t  i s  importan t  to  note  that  variations  i n  avai lable  so lar energy (due  to  cl imate,  
weather,  or  user  behaviour)  wi l l  resu l t  i n  commensurate  d i fferences  i n  actual  run  t ime  from  
so lar  charg ing .   

a)  C lass  A test  procedure(s) :  Annex R:  so lar  charge  test;  or  Annex M:  fu l l -battery run  t ime  
test,  Annex R:  so lar charge  test,  and  Annex GG:  energy service  calcu lati ons.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  C lass  C  test  procedure:  Annex AA:  f i e ld  testi ng  methods.  

d )  Resu l t:  hours  of  operation  to  70  % of  the  i n i t ial  bri gh tness  after the  battery i s  charged  
from  empty for one  standard  so lar day.   

e )  Un i ts:  hours  (h ) .  

EXAMPLE  4, 5  h .  

4.2.8.4  Solar-day appl iance run  t ime 

The  solar-day run  t ime  i s  the  du ration  of  service  provided  to  end  users  from  one  day of  so lar 
charg ing  and  depends  on  the  system-level  performance  for  a  particu lar setti ng .  The  standard  
so lar charg ing  day i s  defi ned  as  an  i nciden t  so lar  resource  of  5  kWh/m 2 .  Th is  i s  an  importan t  
metric  because  i t  i s  an  estimate  of  the  day-to-day services  users  can  expect  i n  i deal  charg ing  
cond i ti ons.  I t  i s  importan t  to  note  that  variations  i n  avai lable  so lar energy (due  to  cl imate,  
weather,  or  user  behaviour)  wi l l  resu l t  i n  commensurate  d i fferences  i n  actual  run  t ime  from  
so lar  charg ing .   

a)  C lass  A test  procedure(s) :  Annex R:  so lar charge  test;  or  Annex M:  fu l l -battery run  t ime  
test,  Annex R:  so lar charge  test,  and  Annex GG:  energy service  calcu lati ons.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  hours  of  operation  after  the  battery i s  charged  from  empty for  one  standard  so lar  
day.   

d )  Un i ts:  hours  (h ) .  

EXAMPLE  4, 5  h .  

4.2.8.5  Lighting  fu l l -battery run  t ime 

The  fu l l -battery run  t ime  i s  the  du rati on  of  service  provided  to  end  users  from  a  fu l l y  charged  
battery and  depends  on  the  system- level  performance  for  a  particu lar  setti ng .  Regard less  of  
the  charg ing  method ,  the  fu l l -battery run  t ime  i s  a  re levan t  metri c.  For products  that  recharge  
cen tral l y,  i t  represen ts  thei r  hours  of  au tonomy un ti l  the  product  shal l  be  retu rned  to  a  
charg ing  station  (and  poten tial l y  a  fee  shal l  be  paid ) .  For so lar-charged  products,  i t  
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represents  the  abi l i ty  to  store  excess  energy for  a  rainy day.  For e lectromechan ical l y-charged  
products,  i t  represen ts  the  maximum  period  the  product  can  be  operated  i n  between  charges.   

a)  C lass  A test  procedure(s) :  Annex M :  fu l l -battery run  t ime  test,  alone  or  i n  con junction  wi th  
Annex GG:  energy service  calcu lati ons.  

b)  C lass  B  test  Standards(s) :  n /a.  

c)  C lass  C  test  procedure:  Annex AA:  f i e ld  testi ng  methods.  

d )  Resu l t:  hou rs  of  operation  to  70  % of  the  i n i t ial  bri gh tness  when  beg inn ing  wi th  a  fu l l y  
charged  battery;  sometimes  also  known  as  "au tonomous  run  t ime. "   

e)  Un i ts:  hours  (h ) .  

EXAMPLE  9 , 3  h .  

4.2.8.6  Grid-charge run  t ime 

The  g rid -charge  run  t ime  i s  the  run  t ime  for  DUTs  that  are  cen tral l y  charged  ( i . e.  wi th  a  
cen tral  charg ing  station  or  the  g rid ) .  Th is  i s  an  importan t  metri c  because  i t  provides  the  
expected  run  t ime  after  a  fu l l  day of  g ri d  charg ing .  

a)  C lass  A test  procedure(s) :  Annex O:  g ri d  charge  test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  hours  of  operati on  to  70  % of  the  i n i t ial  bri gh tness  after the  battery i s  g ri d  charged  
from  empty.  

d )  Un i ts:  hours  (h ) .  

EXAMPLE  6 , 3  h .  

4.2.8.7  Electromechanical  charge ratio  

The  e lectromechan ical  charge  ratio  i s  the  response  factor  for  e lectromechan ical  ( i . e .  dynamo)  
charg ing  – a  rati o  of  run  t ime  to  charg ing  t ime  ( i . e .  wi th  an  e lectromechan ical  charger that  i s  
i ncluded  wi th  the  device  and  not  at  a  cen tral  e lectromechan ical  charg ing  stati on ) .  The  
e lectromechan ical  charg ing  i s  done  at  a  con tro l led  rate.  Th is  i s  an  importan t  metric  because  i t  
al lows  one  to  estimate  the  du ration  of  user  effort  requ i red  each  day for  a  g i ven  level  o f  
service.  

a)  C lass  A test  procedure(s) :  Annex P:  e lectromechan ical  charge  test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  rati o  of  t ime  of  operation  to  charg ing  time.  

d )  Un i ts:  un i t less.  

EXAMPLE  1 2  m i n  ru n  t ime  per 1  m i n  of  charg i ng  t i me.  

4.2.9  Light  output  aspects  

4.2.9.1  Average luminous  flux output  

Average  l um inous  f l ux  ou tpu t  i s  the  l i gh t  ou tpu t  of  a  DUT when  i t  i s  operated  at  the  standard  
operating  vo l tage  or  when  an  i nd ividual  l i gh ti ng  appl iance  i s  measured  at  the  typical  port  
vo l tage.  Th is  i s  a  key metri c  that  compares  the  overal l  l i gh t  ou tpu t  of  DUTs.  

a)  C lass  A test  procedure(s) :  CIE  084,  CIE  1 27,  I ESNA LM-78-07,  or  I ESNA LM-79-08.  

b)  C lass  B  test  procedure(s) :  Annex I :  l i gh t  ou tpu t  test.  

c)  C lass  C  test  procedure(s) :  Annex AA:  f i e ld  testing  methods.  

d )  Resu l t:  average  l um inous  fl ux.  

e)  Un i ts:  l umens  ( lm) .  

EXAMPLE  95, 6  lm .  
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4.2.9.2  Fu l l  width  hal f  maximum  (FWHM)  ang les 

The  fu l l  wid th  hal f  maximum  ang le  i s  a  metric  used  to  understand  the  l i gh t  d i stribu tion  of  a  
DUT and  i s  the  total  i ncluded  ang le  for  wh ich  the  i l l um ination  i s  g reater  than  or  equal  to  hal f  
the  i l l umination  at  the  bri gh test  poin t  i n  the  plane.  

a)  C lass  A test  procedure(s) :  CIE  084,  CIE  1 27,  I ESNA LM-79-08.  

b)  C lass  B  test  procedure(s) :  Annex T:  l i gh t  d i stri bu tion  test.  

c)  Resu l t:  vertical  and  horizon tal  FWHM  ang les.  

d )  Un i ts :  degrees  (°) .  

EXAMPLE  The  DU T’s  hori zon tal  and  vert i cal  FWH M  ang l es  are  both  65° .  

4.2.9.3  Average l i gh t  d istribution  characteristics  

A l i gh t  d i stribu ti on  i s  the  i l l um inance  "map"  of  a  DUT.  Th is  metric  i s  usefu l  for  determ in ing  the  
u ti l i ty  wi th  respect  to  task l i gh ting .  The  test  i s  done  wi th  the  DUT operating  at  the  average  
operating  poin t  from  the  fu l l -battery run  t ime  test.  

a)  C lass  A test  procedure(s) :  CIE  084,  CIE  1 27,  I ESNA LM-79-08.  

b)  C lass  B  test  procedure(s) :  Annex T:  l i gh t  d i stri bu tion  test.  

c)  C lass  C  test  procedure(s) :  Annex AA:  f i e ld  testi ng  methods.  

d )  Resu l t:  constan t-vol tage  usable  area at  a  speci fi ed  d i stance.   

e)  Un i ts:  square  metres  (m2 )  and  l ux  ( l x) .  

EXAMPLE  The  DUT’s  usable  area at  a  d i s tance  of  0 , 75  m  i s  0 , 76  m2  an d  the  DUT’s  work su rface  i l l u m i nance  i s  
40  l u x.  

4.2.9.4  Colour characteristics  

The  co lour characteri sti cs  of  l i gh t  i nclude  the  colour  rendering  i ndex (CRI )  and  the  correlated  
co lour  temperatu re  (CCT) .  

a)  C lass  A test  procedure(s) :  Annex I :  l i gh t  ou tpu t  test.  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  CRI  value  and  co lour temperatu re.  

d )  Un i ts:  CRI  i s  un i t less  and  the  co lou r temperatu re  i s  i n  ke lvin  (K) .  

EXAMPLE  The  CRI  i s  80  and  th e  co l ou r  temperatu re  i s  7  000  K.  

4.2.1 0  Battery-charg ing  ci rcu i t  efficiency 

The  battery-charg ing  ci rcu i t  effi ciency,  or  generator- to-battery charg ing  effi ciency,  i s  a  
measure  of  how effi cien t  the  DUT electron ics  are  at  feed ing  generated  energy i n to  the  battery.  

a)  C lass  A test  procedure(s) :  I EC  62509.  

b)  C lass  B  test  procedure(s) :  Annex R:  so lar charge  test.  

c)  Resu l t:  battery-charg ing  ci rcu i t  effi ciency.  

d )  Un i ts:  percen tage  (%) .  

EXAMPLE  90  %.  

4.2.1 1  Sel f-certi fication  aspects  

4.2.1 1 . 1  Product  and  manufacturer information  

Manu facturer-reported  product  and  manu factu rer  i n formation  i s  importan t  for tracking  
pu rposes  as  wel l  as  for  ensuring  the  test  lab  has  up- to-date  product  i n formation .  
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a)  C lass  A test  procedure(s) :  Annex D:  manu facturer  se l f- reported  i n formation .  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  various  qual i tati ve  and  quan ti tati ve  i n formation .  

d )  Un i ts:  qual i tati ve  and  quan ti tati ve.  

EXAMPLE  The  product’ s  free-on -board  pri ce  i s  USD  30,  i t  i s  so l d  i n  Kenya and  I nd i a,  e tc.  

4.2.1 1 .2  Warranty coverage 

Warran ty coverage  goes  beyond  the  terms  of  a  warran ty and  provides  detai l  on  coverage  i n  a  
particu lar l ocation .  I t  i s  typical l y  on ly provided  i n  cases  where  i t  i s  necessary to  veri fy  
coverage  i n  a  parti cu lar  town  or  reg ion .  

a)  C lass  A test  procedure(s) :  Annex D:  manu factu rer se l f-reported  i n formation .   

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  qual i tati ve  description .  

d )  Un i ts:  qual i tati ve  descripti on .  

EXAMPLE  The  support  i n  [reg i on  n ame]  i s  provi ded  by a  smal l  ne twork o f  techn i ci ans  wh o  have  been  trai ned  to  
repai r  products  by  [m anu factu rer  or  d i s tri bu tor  nam e] .  For  repai rs  that  are  beyon d  the  scope  o f  the i r  capabi l i t i es ,  
repl acemen t  products  are  provided .  The  consumers  i n  [ reg i on  name]  can  access  warran ty  servi ce  by  d i al l i n g  a  
phone  number that  i s  on  a  s t i cker  p l aced  on  the  ori g i nal  packag i n g .  

4.2.1 1 .3  Th i rd-party marks  and  certi fications 

Th i rd-party  marks  and  certi fi cations  (e. g . ,  UL)  can  be  an  importan t  aspect  i n  the  eyes  of  
consumers  and  i nvestors,  al i ke.  

a)  C lass  A test  procedure(s) :  Annex D:  manu facturer  se l f-reported  i n formation .  

b)  C lass  B  test  procedure(s) :  n /a.  

c)  Resu l t:  qual i tati ve  marks  and  certi f i cations.  

d )  Un i ts:  qual i tati ve  type.  

EXAMPLE  I SO 9001  certi f i ed .  

5  Product  speci fication   

5.1  General  

Qual i ty  standards  and  warran ty requ i rements  (Figu re  6)  are  used  to  i n terpret  the  
measurements  and  observations  made  abou t  a  product.  Together they form  a product  
speci fi cation .  

 

Figure  6  – The  two components  of  a  product  speci fication  

•  Qual i ty  s tandards  set  a  m in imum  level  o f  du rabi l i ty  and  protect  buyers  and  users  from  
false  adverti s ing  claims.   

•  Warranty requ i rements  set  a  m in imum  level  o f  user protection  from  early  fai lu re.  

Each  cri terion  i n  a  speci fi cati on  refers  to  a  parti cu lar  aspect  of  the  product,  as  l i s ted  i n  4. 2 ,  
and  requ i res  a  m in imum  l evel  o f  qual i ty,  service,  or performance.  

IEC  
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The  standards  and  requ i rements  shou ld  be  appropriate  for  the  goals  of  the  organ ization  or 
i nd ividual  who  i s  usi ng  them  as  a  framework for  qual i ty  assu rance  and  shou ld  consider the  
fo l l owing  factors:  

•  avai labi l i ty  of  products  on  the  market  wi th  the  necessary qual i ty  and  performance;  

•  abi l i ty  o f  buyers  to  pay for  the  products;  

•  d i versi ty  of  end  user needs;  

•  to lerance  for manu factu ring  variation .  

C lause  5  describes  the  framework for  standards  and  requ i rements  i n  general  and  offers  
i ns igh ts  on  the  best  practi ces  for  creating  a  product  speci fi cati on .  I t  i ncludes  a  template  
product  speci fi cation  fo l lowed  by gu idance  on  completing  each  section .  Annex A presen ts  an  
example  speci fi cati on  for off-g rid  l i gh ti ng  market  support  programme qual i fi cation .   

5.2  Appl ications 

Product  speci fi cati ons  that  i nclude  some  combination  of  qual i ty  standards  and  warranty 
requ i rements  can  support  a  broad  range  of  qual i ty  assurance  needs.  Table  1  l i s ts  examples  of  
how they are  appl ied  depend ing  on  the  type  of  qual i ty  assurance  framework.  

Table  1  – Appl ications of  product  speci fications 

Type  of  QA 
framework 

Example(s)  of  appl ying  Clause  5  

General  market  
su pport  

U se  qu al i ty  s tan dards  and  g eneral  warran ty  requ i rem en ts  to  qu al i fy  for  i ns ti tu t i onal  
m arket  support.   

U se  qu al i ty  s tan dards  to  qu al i fy  for   " veri f i ed  produ ct"  prog rams.  

Use  qual i ty  s tandards  and  o ther  requ i rem ents  to  qu al i fy  for  i nvestmen t  o r  f i nan ci n g .  

Manu factu ri ng / 
d i s tri bu ti on  

For  m anu factu rers :  i ncorporate  qu al i ty  s tandards  from  market  support  prog ramm es  or  
d i s tri bu tors  i n  the  des i gn  and  producti on  QC  processes.  

For  d i s tri bu tors:  set  m i n i mum  qu al i ty  s tan dards  and  warran ty requ i remen ts  for  products  
to  i den ti fy  suppl i ers .  

Bu l k procu remen t  Set  m i n i mum  qual i ty  s tandards  and  warran ty  requ i remen ts  for  products  to  qual i fy  i n  a  
request  for  o ffers .  I f  the  pro j ect  i s  i n  a  speci f i c  l ocati on ,  the  warran ty requ i remen ts  may 
al so  i ncl ude  speci fi c  l evel s  o f  servi ce  i n  that  part i cu l ar  area.   

Trade  regu l at i on  Set  m i n i mum  qual i ty  s tandards  for  tax  exempti on  or  customs.  

 

5.3  Qual i ty assurance principles 

The  framework for  considering  qual i ty  s tandards  and  warran ty requ i rements  presen ted  i n  th i s  
part  o f  I EC  62257 i s  designed  to  support  broad  types  of  prog rammes  and  i nsti tu tions  i n  the  
off-g rid  l i gh ting  market.  The  fo l l owing  key principles  gu ide  the  framework.  

•  Balance  qual i ty  and  affordabi l i ty  for  price-sensi ti ve  buyers  – i t  does  not  matter how wel l  
products  perform  i f  the  target  users  cannot  afford  them.  

•  Encourage  i nnovation  and  technolog ical  d i vers i ty.  Wherever possible,  be  open-ended  i n  
the  techn ical  approaches  that  are  al l owed.   

•  Empower buyers  to  choose  the  ri gh t  product  for  thei r  needs  and  budget  by focusing  
product  speci fi cations  and  commun ication  on  ou tcomes  for  end  users.  

•  Use  low-cost,  r i gorous,  targeted  tests  to  match  the  general  affordabi l i ty  requ i rements  for 
the  market  and  accommodate  both  i ncremental  and  i nnovative  changes  to  product  design .  
The  tests  shou ld  be  feasible  for  use  by a  broad  set  o f  poten tial  users.  

•  Focus  qual i ty  s tandards  on  e lements  of  a  product  that  are  d i ff i cu l t  for  typical  buyers  to  
assess  themselves,  l i ke  tru th - i n -adverti s ing  and  du rabi l i ty.  

•  Focus  warran ty requ i rements  on  provid ing  a  basel i ne  of  support.  
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5.4  Product  speci fication  framework description  

5.4.1  General  

Subclause  5. 4  describes  a  framework for  creating  product  speci fi cation  documents  for  o ff-g rid  
l i gh ting .  Fi rst,  a  b lank speci fi cation  (5. 4.2)  i s  provided  that  l i s ts  al l  the  pieces  that  may be  
speci fied .  Next,  5 . 4. 3  describes  gu idel i nes  for  setti ng  to lerances  i n  a  product  speci fi cati on .  
Fi nal l y,  the  main  sections  i n  a  speci fi cati on  are  described  i n  more  detai l  wi th  notes  and  
gu idance  (5. 4. 4,  5 . 4. 5) .   

An  example  product  speci fi cation  for  general  market  support  programmes  i s  i n  Annex A.   

A product  speci fi cation  has  fi ve  parts:   

a)  Scope:  defi nes  the  appl i cabi l i ty  and  use  of  the  qual i ty  s tandards.  

b)  Test  requ i rements:  defi nes  requ i rements  for  test  resu l t  val i d i ty.  

c)  Product  category requ i rements:  unambiguously  defines  the  categories  that  may be  
referenced  later.  

d )  Qual i ty  standards:  l i s ts  qual i ty-re lated  aspects  and  m in imum  or requ i red  resu l ts  for each  
aspect  wi th  a  to lerance;  may be  subd ivided  by product  category.  

e)  Warranty requ i rements:  l i s ts  requ i rements  for  m in imum  levels  of  warran ty support.  

5.4.2  Product  speci fication  template 

5.4.2.1  General  

Subclause  5. 4.2  i s  a  blank,  rough  template  for  setti ng  qual i ty  s tandards  and  warran ty 
requ i rements  to  support  the  goals  of  a  prog ramme or i nsti tu tion .  Note  that  i n  many 
appl i cati ons  certain  cri teria or en ti re  categories  of  cri teria do  not  apply and  shou ld  be  
removed .  Text  i n  italics i s  i n tended  for  replacement  and  describes  what  shou ld  go  i n  each  
space.   

5.4.2.2  Scope 

Describe the intended use of the product specification,  the contents in general,  and provide 
guidance on how to use the document.  

5.4.2.3  Test  requ irements  

Specify the level of testing that is required.  Typically this is quality test method (QTM) testing 
(see Clause 6).  

Describe any product sampling requirements for qualification testing.  

Specify the number of light output settings required to be measured for products with multiple 
settings.  Typically,  at least one set of test results should fully characterize the performance on 
the highest light output setting.   

5.4.2.4  Product  category requ irements 

Describe which product categories (see 4.1 .2) are covered/allowed.  

Describe any other requirements or eligibility criteria for products that are categorical (e.g.  
shall be solar charged,  shall be plug-and-play,  shall be low-voltage,  batteries shall be 
replaceable).  

Qual i fi cation  as  a  "separate"  PV modu le  requ i res  meeting  the  cri teria  l i s ted  i n  Table  2 :  
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Table  2  – Qual i fication  as  separate  PV modu le 

Cri terion  Aspect(s)  Requ i red  value  

PV modu l e  cabl e  
l eng th  

4 . 2 . 6 . 2  Cabl e  l eng th  Define the length in metres that is required for qualification 
as a separate PV module.  

 

5.4.2.5  Qual i ty standards 

The  product  shal l  meet  each  of  the  cri teria  l i s ted  i n  the  tru th - i n -adverti s ing  (Table  3) ,  safety 
and  du rabi l i ty  (Table  4) ,  and  end  user  support  (Table  5)  tables.  

Table  3  – Truth-in-advertising  tolerance 

Truth -in -
adverti s ing  
cri terion  

Aspect(s)  considered  i n  
assessment  

Requ i rement  

System  
performance  
to l eran ce  – 
numeric  rati ngs  

4 . 2 . 8  Perform ance  aspects  

4 . 2 . 9  Li g h t  ou tpu t  aspects  

Others ,  i f  appl i cabl e  

Define the tolerance for deviation from ratings.  

System  
componen ts  
to l eran ce  – 
numeric  rati ngs  

4 . 2 . 5  Battery  performance  
aspects  

4 . 2 . 6  So lar  modu l e  aspects  

4 . 2 . 7. 1  Appl i ance  vo l tage  
compati b i l i ty   

4 . 2 . 7. 2  Power consumpti on  

4 . 2 . 7. 4  DC  ports  

Others ,  i f  appl i cable  

Define the tolerance for deviation from ratings.  

Other numeri c  
rat i ngs  to l erance  

Mu l t i pl e  Define the tolerance for deviation from ratings.  

Overal l  tru th –i n -
advert i s i n g  
s tatemen t  

Mu l t i pl e  Include an overall description of the requirements for truth-
in-advertising that are not covered by the requirements 
above.  
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Table  4  – Safety and  durabi l i ty standards  (1  of 2)  

Safety or  
durabi l i ty 
cri terion  

Aspect(s)  considered  i n  
assessment  

Product  category 
(form  factor  and /or  

technology)  

Requ i rement  

Level  o f  water  
exposu re  
protecti on  
(overall,  
technical,  or 
enclosure-only)  

4 . 2 . 3 . 1  Water  protect i on  – 
encl osu re   

4 . 2 . 3 . 2  Water  protect i on  – 
c i rcu i t  protecti on  and  
d rai nage  

4 . 2 . 3 . 3  Water  protect i on  – 
overal l  

4 . 2 . 3 . 4  Water protect i on  – 
so l ar  modu l e  

4 . 2 . 1 1 . 1  Product  an d  
man u factu rer  i n formati on  

4 . 2 . 2 . 7  Packag in g  an d  u ser’ s  
man ual  i n form ati on  

Category 1  Define level of protection in terms of 
water protection integrated 
assessment:  

No protection,  occasional rain,  
frequent rain,  or permanent outdoor 
exposure.  

Category 2  Define level of protection in terms of 
water protection integrated 
assessment.  

Phys i cal  i ng ress  
protecti on  

4 . 2 . 3 . 5  Ph ysi cal  i n g ress  
protecti on  

4 . 2 . 3 . 6  Ph ysi cal  i n g ress  
protecti on  – so lar  m odu l e  

Category 1  Define level of protection in terms of 
IP class.   

Category 2  Define level of protection in terms of 
IP class.  

Mech an i cal  
du rabi l i ty  – d rop  
test  

4 . 2 . 3 . 7  Drop  res i s tance  Category 1  Define maximum number of failures 
out of the number that are tested for 
damage,  functionality,  and safety.  

Category 2  Define maximum number of failures 
out of the number that are tested for 
damage,  functionality,  and safety.  

Mech an i cal  
du rabi l i ty  – 
goosenecks  and  
movi n g  parts  

4 . 2 . 3 . 8  Gooseneck an d  
movi ng  part  du rabi l i ty  

Products  wi th  
g oosenecks/moving  
parts  

Define maximum number of failures 
out of the number that are tested for 
damage,  functionality,  and safety.  

Mech an i cal  
du rabi l i ty  – 
conn ectors  

4 . 2 . 3 . 9  Connector  du rabi l i ty  Products  wi th  
connectors  

Define maximum number of failures 
out of the number that are tested for 
damage,  functionality,  and safety.  

Mech an i cal  
du rabi l i ty  – 
swi tch es  

4 . 2 . 3 . 1 0  Swi tch  du rabi l i ty  Al l  products  Define maximum number of failures 
out of the number that are tested for 
damage,  functionality,  and safety.  

Mech an i cal  
du rabi l i ty  – 
s trai n  re l i e f  

4 . 2 . 3 . 1 1  Strai n  re l i e f  
du rabi l i ty  

Products  wi th  
con nectors  

Define maximum number of failures 
out of the number that are tested for 
damage,  functionality,  and safety.  

Workmansh ip  4 . 2 . 3 . 1 2  Wi ri ng  qual i ty  Al l  products  Define maximum number of samples 
with bad solder joints,  poor wiring,  
etc.  out of the number that are 
tested.  

Battery  
du rabi l i ty  

4 . 2 . 3 . 1 3  Battery  pro tecti on  
s trateg y  

4 . 2 . 5 . 3  Battery  s torage  
du rabi l i ty  

4 . 2 . 1 1 . 1  Product  and  
man u factu rer  i n formati on  

4 . 2 . 1 1 . 3  Th i rd -party  m arks  
and  certi f i cati on s  

Al l  products  Define a minimum level of battery 
protection that will protect the 
product’s battery and the user.  
Define maximum capacity loss 
following battery durability test.  

 
  



I EC  TS  62257-9-5:201 6    I EC  201 6  – 49  – 

Table  4  (2 of 2)  

Safety or  
durabi l i ty 
cri terion  

Aspect(s)  considered  i n  
assessment  

Product  category 
(form  factor  
and /or  
technology)  

Requ i rement  

Lu men  
mai n ten ance  

4 . 2 . 4 . 2  2  000  h  l umen  
mai n ten ance  

Al l  products  Define maximum number of samples 
that may fail specified lumen 
maintenance criteria out of the 
number that are tested.  

Fluorescen t  l i gh t  
du rabi l i ty  

4 . 2 . 4 . 3  Fl uorescen t  l i g h t  
du rabi l i ty  

Products  wi th  
f l uorescen t  l i gh ts  

Define maximum number of failures 
out of the number that are tested.  

AC-DC  ch arg er 
safety  

4 . 2 . 1 1 . 1  Product  and  
manu factu rer  i n form ati on  

4 . 2 . 1 1 . 3  Th i rd -party marks  
and  certi f i cat i ons  

Products  wi th  AC-
DC  chargers  
i ncl uded  

Define acceptable safety approval 
marks and certifications for AC-DC 
chargers.  

H azardous  
substances  ban  

4 . 2 . 2 . 4  Energy s torage  
system  i n formati on  

4 . 2 . 2 . 6  Battery  general  
aspects  

4 . 2 . 1 1 . 1  Product  and  
m anu factu rer  i n formati on  

Al l  produ cts  Define allowable battery chemistries.  

Cable  
speci f i cat i ons  

4 . 2 . 1 1 . 1  Product  and  
manu factu rer  i n form ati on  

4 . 2 . 1 1 . 3  Th i rd -party marks  
and  certi f i cat i ons   

Al l  products  Define acceptable approval marks 
and certifications for outdoor cables 

Ci rcu i t  and  
overl oad  
protecti on ,  PV 
overvol tage  
protecti on ,  an d  
m i swi ri ng  
protecti on  

4 . 2 . 7 . 3  Ci rcu i t  and  overl oad  
protecti on  

Al l  products  Define maximum number of failures 
and number of samples to be tested 

 

Table  5  – End  user support  standards 

Tru th -i n -
adverti sing  
cri terion  

Aspect(s)  considered  i n  
assessment  

Requ i rement  

I n formati on  on  
product  des i gn ,  
u t i l i zat i on ,  and  
care  

4. 2 . 2 . 7  Packag ing  and  u ser’ s  
manual  i n formati on  

 

Define if there are requirements for consumer-facing 
information on packaging or in a user’s manual,  such as 
end-of-life disposal instructions,  specifications of 
replaceable components,  and instructions for product 
installation and maintenance.  

Oth er 4 . 2 . 2 . 1 1  Other vi sual  
screen i ng  resu l ts  

Define other product requirements that support end users 
to maintain the quality of the product.  

 

5.4.2.6  Warranty requ irements 

The  product  shal l  meet  each  of  the  end  user support  requ i rements  l i sted  i n  Table  6.  

Table  6  – End  user support  requ i rements  

Support  type  Aspect(s)  Requ i rement  

Mai n tenance  
and  warran ty  
terms  

4 . 2 . 2 . 8  Warran ty  i n form ati on   Define minimum warranty requirements (length,  components 
covered,  etc. )  

Servi ce  
capabi l i t i es  

4 . 2 . 1 1 . 2  Warran ty  coverage  Define "on the ground" requirements for warranty service 
(typically only for projects in a specific location) 
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5.4.3  Tolerances 

Tolerances  are  an  al lowable  deviati on  from  the  target  value  for  a  particu lar cri terion  i n  a  
product  speci fi cati on  and  are  part  o f  the  product  speci fi cation .  I n  the  case  of  tru th - in -
adverti s ing ,  the  target  value  i s  what i s  adverti sed .  Durabi l i ty tests  and  other pass/fai l  cri teria  
al so  have  a  target  – passing  the  test.  

To lerances  shou ld  be  set  carefu l l y,  considering  how the  measured  or  observed  values  from  a 
test  (wi th  a  l im i ted  number of  samples)  characteri ze  the  true  qual i ty  or  performance  aspects  
of  every product  i n  the  market.  The  sample  s ize,  expected  manu facturing  to lerance,  and  
testing  uncertain ty  shou ld  each  be  considered .   

There  are  trade-offs  between  protecti ng  buyers/end  users  and  suppl i ers  from  " false  posi t i ve"  
and  " false  negati ve"  resu l ts ,  respecti vely.  Tigh ter  to lerance  tends  to  protect  buyers/end  users  
better from  poor qual i ty or  performance  products  bu t  wi l l  al so  resu l t  i n  a  h i gher number of  
good  qual i ty  or  performance  products  being  excluded  based  on  non-represen tati ve  sampl ing  
or test  resu l ts .  The  dynamic  i s  reversed  for  l ooser to lerances.   

The  type  of  to lerance  depends  on  the  aspect  being  speci fi ed :  

a)  Qual i tati ve:  aspects  that  are  descripti ve  (e . g .  type  of  l i gh t  source)  do  not  typical l y  have  a  
to lerance.  

b)  Numeric:  aspects  that  are  described  wi th  a  measured  value  (e . g .  battery capaci ty)  shou ld  
have  a  to lerance  defined  i n  terms  of  percen t  deviation  of  the  average  DUT measurement  
from  a  parti cu lar  value.  Often ,  i t  i s  al l owable  for  the  test  resu l t  to  deviate  i n  one  "d i recti on "  
bu t  not  the  other.  For i nstance,  i t  i s  al lowable  to  over-perform  on  the  run  time  bu t  not  
underperform.  There  may also  be  a  to lerance  defi ned  for the  variance  i n  resu l ts  of  the  
DUT.  

I n  general ,  the  percen t  deviation  from  a  target  value  i s  calcu lated  usi ng  the  fo l lowing  
formu la:  

 

where:  

D  i s  the  percen t  deviation  i n  a  numeric  value;  

xtarget  i s  the  target  value;  

xm eas  i s  a  measured  value  or  the  average  of  the  measured  values  for  each  sample.  

c)  Boolean :  aspects  that  are  described  i n  terms  of  "pass/fai l "  (e . g .  drop  test)  shou ld  have  a  
to lerance  defined  i n  terms  of  the  number of  al lowable  fai lu res  ou t  o f  a  set  number of  trial s  
or tests.  Note  that  the  stati stical  power of  Boolean  resu l ts  for  pred icting  popu lation  
pass/fai l  rates  i s  not  very h i gh  wi th  smal l  sample  s i zes.  The  impl icati on  i s  that  i t  i s  not  
possible  to  accurately  pred ict  popu lation  fai l u re  rates  for  a  parti cu lar  aspect  from  a  smal l  
sample  s i ze,  and  i t  i s  often  appropriate  to  al low some  smal l  bu t  reasonable  fai l u re  rate  to  
avoid  false  negative  resu l ts .  

5.4.4  Qual i ty standards  cri teria  

5.4.4.1  General  

Subclause  5 . 4. 4  describes  the  qual i ty  s tandards  aspects  and  g ive  gu idance  on  how to  
implement  a  qual i ty  s tandard .  

There  are  several  categories  of  qual i ty  cri teria  l i s ted  below.  For  each  category,  i t  i s  importan t  
for  a  set  of  qual i ty  s tandards  to  speci fy:  

•  wh ich  aspects  are  referenced  by the  cri teria,  

•  what  l evel  o f  fai l u re  or  m in imum  qual i ty  l evel  i s  acceptable  for  each  aspect,  and  
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•  wh ich  product  categories  are  subject  to  each  cri terion  i f  there  are  d i fferences  across  
categories.  

5.4.4.2  Truth-in-advertising  

The  goal  o f  a  tru th - i n -adverti s ing  standard  (see  Table  7)  i s  to  protect  buyers  and  end  users  
from  false  adverti s ing  claims.  I t  i s  particu larl y  importan t  to  ensure  that  the  description  of  
adverti sed  values  corresponds  wi th  test  resu l ts  i n  cases  where  buyers  (anywhere  i n  the  
supply chain )  wi l l  make  product  pu rchasing  decis ions  based  partl y or so le l y  on  adverti s ing  
and  packag ing  or  where  users  have  expectations  set  by  them.  

I n  practi ce  i t  i s  i deal  to  check any adverti sed  qual i ty or performance  statements  against  the  
test  resu l ts ,  keeping  i n  m ind  that  often  the  framing  or  messag ing  for  adverti sed  statements  i s  
d i fferen t  from  test  cond i ti ons  and  that  there  i s  always  i nheren t  uncertain ty  i n  the  test  resu l t.  I n  
cases  where  the  adverti sed  values  wi l l  not  be  d i rectl y  comparable  to  test  resu l ts ,  care  shou ld  
be  taken  to  avoid  wrong ly  i den ti fying  false  adverti s ing  wh i le  main tain i ng  vi g i lance  for  buyers.  

For aspects  that  are  described  wi th  numeric  i n formation ,  a  to lerance  shou ld  be  defined  for  
tru th - i n -adverti s ing .   

For  aspects  that  are  described  wi th  qual i tati ve  or  Boolean  i n formation ,  j udgement  i s  requ i red  
to  d i scern  i f  the  test  resu l ts  match  adverti sed  values.   

Table  7  – Truth-in-advertising  cri teria  for  qual i ty standards 

Truth -in -
adverti sing  
cri terion  

Aspect(s)  
considered  i n  
assessment  

Standard  speci fi cation  Remarks  

System  
performance  
to l eran ce  – 
numeric  
rat i ngs  

4 . 2 . 8  Performan ce  
aspects  

4 . 2 . 9  Li gh t  ou tpu t  
aspects  

Oth ers ,  i f  appl i cabl e  

The  to l erance  between  the  rated  
perform ance  an d  m easu red  
perform ance.  

These  are  key aspects  for  end  
u ser  experi ences  wi th  the  
product,  bu t  al so  tend  to  h ave  
test  resu l ts  wi th  h i gher 
u n certai n ty  due  to  a  
combin ati on  of  i n tri ns i c  
manu factu ri ng  vari ati on  an d  
test  u ncertai n ty  due  to  the  
system- level  natu re  of  the  
aspects .   

System  
componen ts  
to l eran ce  – 
numeric  
rat i ngs  

4 . 2 . 5  Battery 
performance  aspects  

4 . 2 . 6  Sol ar  modu l e  
aspects  

4 . 2 . 7 . 1  Appl i ance  
vo l tage  compati b i l i ty   

4 . 2 . 7 . 2  Power 
consu mpti on  

4 . 2 . 7 . 4  DC  ports  

Oth ers ,  i f  appl i cabl e  

The  to l erance  between  the  rated  
perform ance  an d  m easu red  
perform ance.  

These  aspects ,  wh i l e  
i mportan t,  have  l ess  i mpact  on  
th e  overal l  u ser  experi ence  i n  
g eneral .  They are  more  
i mportan t  for  i den ti fyi ng  
repl acemen t  parts .  

Other numeri c  
rat i ngs  
to l eran ce  

Mu l t i pl e  Th e  to l erance  between  th e  rated  
performance  and  measu red  
performance.  

n /a  
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Truth -in -
adverti sing  
cri terion  

Aspect(s)  
considered  i n  
assessment  

Standard  speci fi cation  Remarks  

Overal l  tru th -
i n -adverti s i ng  
s tatement  

Mu l t i pl e  Descri be  the  general  po l i cy for  
i n terpreti ng  tru th - i n -adverti s i ng  
requ i remen ts .  Sug gested  
s tatement:  

"Al l  advert i sed  featu res  shal l  be  
fun cti onal .  Any descri pt i on  o f  th e  
product  that  appears  on  th e  
packag i n g ,  i n s i de  the  package,  and  
i n  an y o th er  med i u m  (e . g .  i n ternet)  
shou l d  be  tru th fu l  an d  accu rate .  N o  
s tatements  shou l d  m i s l ead  buyers  
or  en d  users  abou t  the  featu res  o r 
u t i l i ty  o f  the  product.  Any u ser 
i n terfaces  (charge  i nd i cators,  SOC  
esti mates,  etc. )  shal l  be  accu rate . "  

I t  i s  importan t  to  l ay ou t  a  
broad  expectati on  o f  tru th - i n -
adverti s i ng  and  to  i n terpret  i t  
on  a  case-by-case  basi s .   

 
Table  8  i ncludes  notes  wi th  gu idance  on  aspects  that  are  often  part  o f  a  tru th - i n -adverti s ing  
check because  they are  common ly  adverti sed .   

Table  8  – Remarks  on  common  truth-in-advertising  aspects   

Aspect(s)  Remarks  

4. 2 . 8 . 2  Dai l y  en erg y servi ce  Depends  on  the  des i red  servi ces/appl i ances.  

4 . 2 . 8 . 5  Li gh ti ng  fu l l -battery  run  
t i me  

Depends  on  the  sett i ng .  

4 . 2 . 8 . 3  Sol ar-day l i g h t i n g  run  t i me   Depends  on  the  sett i ng  and  often  depen ds  on  the  assumpti ons  abou t  so l ar  
resou rce ,  wh i ch  i s  l ocati on -dependen t.  

4 . 2 . 8 . 6  Gri d -charge  ru n  t ime  Depends  on  the  sett i ng .  

4 . 2 . 8 . 7  E l ectromechan i cal  charge  
rat i o  

Depends  on  the  sett i ng .  

4 . 2 . 9 . 1  Average  l um in ous  f l u x  
ou tpu t  

Normal l y  l i s ted  as  peak l u m i nous  f l u x  i ns tead ,  bu t  o ther t imes  as  the  
average  du ri ng  d i scharge,  wh i ch  i s  more  represen tati ve  o f  typi cal  servi ce  
l eve l s .  

4 . 2 . 2 . 4  Energy s torage  system  
i n formati on  

4 . 2 . 2 . 6  Battery  g eneral  aspects  

4 . 2 . 5  Battery performance  aspects  

4 . 2 . 2 . 5  Battery  easy repl aceabi l i ty  

Package  type ,  nom inal  vo l tage ,  capaci ty  are  al l  i mportan t  for  
u nderstand i n g  i f  spares  wi l l  be  avai l abl e ;  the  repl aceabi l i ty  determ i n es  i f  i t  
i s  easy to  servi ce.  

4 . 2 . 5  Battery performance  aspects  

4 . 2 . 2 . 4  Energy s torage  system  
i n formati on  

4 . 2 . 2 . 6  Battery  g eneral  aspects  

Th i s  i n formati on  i s  u sefu l  for  en su ri n g  th e  correct  rep lacemen t  battery  can  
be  obtai ned .   

4 . 2 . 9 . 3  Average  l i g h t  d i s tri bu ti on  
characteri s t i cs  

Peak i l l u m i nance  at  a  speci fi ed  d i s tance  i s  o ften  adverti sed  i n  l i eu  o f  
l um i nous  f l u x.  I t  i s  i mportan t  to  carefu l l y  ad j ust  the  test  resu l t  to  match  th e  
d i s tance  speci fi ed  i n  the  advert i sed  val ue  u s i ng  known  l i g h t  propag ati on  
re l ati onsh i ps  ( " i n verse  square  l aw" ) .  

4 . 2 . 6  Sol ar  modu l e  aspects  Peak power capaci ty  and  type  are  o ften  l i s ted .  

4 . 2 . 2 . 9  Auxi l i ary  ou t l ets ,  ports  and  
adapters  i n formati on  

4 . 2 . 2 . 1 0  Appl i ances  i n form ati on  

Th e  presence  of  fu ncti onal  auxi l i ary featu res  (e . g .  a  mobi l e  phone  charg er 
or  USB  power sou rce)  and  avai l abl e  appl i ances  (e . g .  fan ,  rad i o  or  
te l evi s i on )  can  be  very i mportan t  to  some  end  u sers .  

4 . 2 . 3 . 1  Water  protecti on  – 
encl osu re  

4 . 2 . 3 . 2  Water  protecti on  – ci rcu i t  
protecti on  and  d rai nag e  

Ensu re  that  there  i s  no  i n formati on  that  m i s l eads  consumers  abou t  the  
l eve l  o f  protecti on  afforded  them  by the  combinati on  of  th e  en cl osu re  and  
o th er  water  protecti on  systems.  

4 . 2 . 4. 2  2  000  h  l umen  
mai n ten ance  

Li fet ime  i s  o ften  g i ven  for  m uch  l on ger  du rati ons  (e . g .  20  000  h ) .  These  
may be  compared  to  the  2  000  h  l i fe t im e  to  ensu re  the  cl aim  i s  poss ibl e.  
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5.4.4.3  Safety and  durabi l i ty 

5.4.4.3.1  General  

Safety and  du rabi l i ty  cri teria  protect  the  user from  harm  and  the  product  from  early  fai lu re  
du ring  typical  use.  I t  i s  importan t  to  balance  the  safety  and  du rabi l i ty  requ i rements  wi th  cost  
impl i cations  and  reasonable  expectations  of  consumer care,  or the  safety and  durabi l i ty  
cri teria  ri sk being  over-prescribed .  I t  i s  he lpfu l  to  consider the  expected  m in imum  product  
l i fetime  when  determ in ing  du rabi l i ty-related  cri teria.  

For  pass/fai l  tests,  to lerances  for  fai lu re  rates  shou ld  be  speci fi ed  (see  Table  9) .   

Table  9  – Safety and  durabi l i ty cri teria  for  qual i ty standards (1  of 2)  

Safety or  
durabi l i ty 
cri terion  

Aspect(s)  
considered  i n  
assessment  

Standard  speci fi cation  Notes  

Level  o f  water  
exposu re  
protect i on  
(overal l ,  
techn i cal ,  o r  
encl osu re-on l y)  

4 . 2 . 3 . 1  Water 
pro tecti on  – 
encl osu re   
4 . 2 . 3 . 2  Water  
pro tecti on  – c i rcu i t  
pro tecti on  and  
d rai nage  
4 . 2 . 3 . 3  Water  
pro tecti on  – overal l  
4 . 2 . 3 . 4  Water 
pro tect i on  – so lar  
modu l e  
4 . 2 . 1 1 . 1  Product  
and  manu factu rer  
i n formati on  
4 . 2 . 2 . 7  Packag ing  
and  user’ s  m anual  
i n formati on  

The  requ i red  l evel  o f  water  
protecti on  (see  l i s t  be l ow)  and  
wh i ch  aspects  may con tri bu te  
to  protecti on .   
Level s  o f  water  protecti on :   

N o  pro tecti on  
Occasi onal  rai n  
Frequen t  rai n  
Perm anen t  ou tdoor exposu re  
Perm anen t  exposu re  i n  
con text  o f  rooftop  i n stal l at i on  
for  PV m odu les  

The  deg ree  o f  protect i on  sh ou l d  
i ncl ude  consi derat i on  o f  product  
category an d  expected  exposu re.   
Speci fy  th e  aspects  that  m ay 
con tri bu te  to  the  l evel  o f  water  
exposu re  protecti on  by  choosi n g  
an  overal l ,  techn i cal ,  o r  
encl osu re-on l y  cri teri on .  

Physi cal  i ng ress  
protect i on  

4 . 2 . 3 . 5  Physi cal  
i n g ress  protect i on  
4 . 2 . 3 . 6  Physi cal  
i n g ress  protect i on  – 
so l ar  modu l e  

The  requ i red  l evel  o f  phys ical  
i n g ress  pro tecti on  i n  terms  o f  
the  m i n i mum  I P  cl ass .  

Deg ree  o f  pro tecti on  shou ld  
i ncl ude  consi derat i on  o f  product  
category an d  expected  exposu re.  
Al so ,  cons i der h ow connectors  
wi l l  be  i ncorporated .  M ost  
external  power connectors  are  not  
protected  above  I P2x.  

Mechan i cal  
du rabi l i ty  – d rop  
test  

4 . 2 . 3 . 7  Drop  
res i s tance  

The  requ i red  success  rates  i n  
the  d rop  test  for  functi on al i ty  
an d  safety  ( two  success  rates) .  

Fai l u re  al l owan ce  shou ld  consi der 
Boo lean  natu re  o f  resu l ts  and  
consi der  product  categ ory ( i . e .  
f i xed  products  are  u n l i kel y to  be  
d ropped  compared  to  portabl e  
products) .  

Mechan i cal  
du rabi l i ty  – 
goosenecks  and  
movi ng  parts  

4 . 2 . 3 . 8  Gooseneck 
and  movi ng  part  
du rabi l i ty  

The  requ i red  success  rates  i n  
the  g ooseneck and  movi ng  part  
du rabi l i ty  test  fo r  functi onal i ty  
an d  safety  ( two  success  rates) .  

On l y  appl i es  to  products  wi th  a  
g ooseneck or  movi ng  parts .  

Mechan i cal  
du rabi l i ty  – 
connectors  

4 . 2 . 3 . 9  Connector  
du rabi l i ty  

The  requ i red  success  rates  i n  
the  con nector  test  for  
functi on al i ty  and  safety  ( two  
success  rates) .  

Fai l u re  al l owan ce  shou ld  consi der 
Boo lean  natu re  o f  resu l ts .  

Mechan i cal  
du rabi l i ty  – 
swi tches  

4 . 2 . 3 . 1 0  Swi tch  
du rabi l i ty  

The  requ i red  success  rates  i n  
the  swi tch  test  fo r  functi onal i ty  
an d  safety  ( two  success  rates) .  

Fai l u re  al l owan ce  shou ld  consi der 
Boo lean  natu re  o f  resu l ts .  

Mechan i cal  
du rabi l i ty  – s trai n  
re l i ef  

4 . 2 . 3 . 1 1  Strai n  
re l i e f  du rabi l i ty  

The  requ i red  success  rates  i n  
the  swi tch  test  fo r  functi onal i ty  
an d  safety  ( two  success  rates) .  

Fai l u re  al l owan ce  shou ld  consi der 
Boo lean  natu re  o f  resu l ts .  

Workmansh ip  4 . 2 . 3 . 1 2  Wi ri n g  
qual i ty  

The  requ i red  success  rate  for  
each  aspect  o f  th e  wi ri ng  
qu al i ty  i nspecti on .  

Fai l u re  al l owan ce  shou ld  consi der 
the  preval ence  o f  each  fau l t  type.  
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Table  9  (2 of 2)  

Safety or  
durabi l i ty 
cri terion  

Aspect(s)  
considered  i n  
assessment  

Standard  speci fi cation  Remarks  

Battery  du rabi l i ty  4 . 2 . 3 . 1 3  Battery  
protecti on  s trategy  

4 . 2 . 5 . 3  Battery  
s torage  du rabi l i ty  

4 . 2 . 1 1 . 1  P roduct  
and  manu factu rer  
i n form ati on  

4 . 2 . 1 1 . 3  Th i rd -party  
marks  and  
certi f i cati ons  

Th e  gu i del i nes  for  determ in i ng  
i f  batteri es  are  wel l  protected  
from  earl y  fai l u re  and  i f  u sers  
are  protected  from  poten ti al  
harm  du e  to  battery  fai l u re .  

Be  carefu l  not  to  over-prescri be  
the  requ i rements ,  s i nce  there  are  
a  wi de  range  o f  battery  protecti on  
s trateg ies  that  can  provi de  
sati s factory  resu l ts  – parti cu l arl y  
for  emerg i ng  chem istri es .  

Lu men  
mai n ten ance  

4 . 2 . 4. 2  2  000  h  
l umen  mai n tenance  

Th e  m i n im um  averag e  l evel  o f  
l u men  mai n tenance  after  
2  000  h  and  the  requ i red  
success  rate  on  a  sam ple- to -
sample  bas i s .  

Consi der the  expected  rate  o f  u se  
and  des i red  product  l i fe ti me.   

F l uorescen t  l i gh t  
du rabi l i ty  

4 . 2 . 4. 3  Fl uorescen t  
l i g h t  du rabi l i ty  

Th e  requ i red  success  rate  for  
each  sam ple  i n  add i t i on al  tests  
for  f l u orescen t  l i g h t  du rabi l i ty.  

Fai l u re  al l owance  shou l d  consi der 
Boo lean  natu re  o f  resu l ts .  

AC-DC  ch arg er 
safety  

4 . 2 . 1 1 . 1  P roduct  
and  manu factu rer  
i n form ati on  

4 . 2 . 1 1 . 3  Th i rd -party  
marks  and  
certi f i cati ons  

Th e  gu i del i nes  for  determ in i ng  
i f  AC-DC  chargers  h ave  
acceptabl e  safety  approval  
marks  and  certi f i cati ons .  

Se l f-cert i f i cati on  marks  are  not  
n ecessari l y  mean i n g fu l  i f  no  
market  overs i gh t  exi s ts .  

H azardous  
substances  ban  

4 . 2 . 2 . 4  Energ y 
s torage  system  
i n form ati on  

4 . 2 . 2 . 6  Battery  
gen eral  aspects  

4 . 2 . 1 1 . 1  P roduct  
and  manu factu rer  
i n form ati on  

Th e  gu i del i nes  for  determ in i ng  
al l owable  battery  chem istri es.  

A  hazardous  substance  ban  cou l d  
appl y  to  product  com ponen ts  
beyond  th e  battery,  thou gh  
mon i tori n g  an d  en forcemen t  i s  
d i ff i cu l t  i n  most  markets .  

Cabl e  
speci f i cat i ons  

4 . 2 . 1 1 . 1  Product  
and  manu factu rer  
i n formati on  

4 . 2 . 1 1 . 3  Th i rd -party  
marks  and  
certi f i cati ons   

The  g u i de l i n es  for  determ in i ng  
i f  ou tdoor  cables  have  
acceptabl e  safety  approval  
m arks  and  certi f i cati ons .  

Se l f-cert i f i cati on  marks  are  n ot  
necessari l y  m ean i ng fu l  i f  no  
market  overs i gh t  exi s ts .  

C i rcu i t  and  
overl oad  
protecti on ,  PV 
overvol tage  
protecti on ,  an d  
m i swi ri ng  
protecti on  

4 . 2 . 7. 3  C i rcu i t  and  
overl oad  protect i on  

Th e  requ i red  success  rate  and  
number of  samples  requ i red  for  
each  pro tecti on  test .  

Fai l u re  al l owance  shou l d  con si der  
Boo lean  natu re  o f  resu l ts ,  wh i l e  
sample  n umber sh ou l d  consi der  
the  fact  that  each  test  i s  
destructi ve.  

 

5.4.4.3.2  Water  exposure  protection  considerations 

The  speci fying  organ izati on  shou ld  consider  several  factors  when  establ i sh ing  water exposure  
protection  requ i rements  for  so lar l i gh ti ng  products.  The  product  category (as  ou tl i ned  i n  4. 1 . 2)  
i s  primari l y  responsible  for determ in ing  these  requ i rements,  as  some  products  are  more  l i ke ly  
than  others  to  be  exposed  to  water based  on  the  product  design .  Cost  i s  al so  a  consideration ,  
as  products  designed  to  be  resistan t  to  h i gher l evels  of  water exposure  are  often  more  
expensive  because  of  the  add i t ional  manu factu ring  costs  associated  wi th  seal i ng  the  
enclosure  or  i n ternal  ci rcu i t  e lements.   
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Table  1 0  describes  how various  l evels  of  water  protecti on  are  determ ined  based  on  a 
combination  of  l aboratory test  resu l ts ,  product  design  and  manu factu ri ng  i n formation ,  and  
consumer i n formation .  The  l evels  of  protection  are:  

•  No  protection  

•  Occasional  rain  

•  Frequen t  rain  

•  Permanent  ou tdoor exposure  

•  Permanent  exposure  i n  con text  of  rooftop  i nstal lation  for  PV modu les  

The  resu l ts  of  an  assessment  wi l l  i nclude  several  " types"  of  water protection  l evel .  A qual i ty  
s tandard  wi l l  need  to  speci fy  wh ich  type  i s  appl i cable.  The  types  are:  

•  Overal l  protection :  water protection  by al l  the  poten tial  sources,  i nclud ing  user behaviour  

•  Techn ical  protecti on :  protection  from  al l  product  design  and  manu factu ring  aspects  

•  Enclosure-on ly  protection :  protection  from  the  enclosu re  on ly  

Table  1 0  – Recommended  level  of  water protection  by product  category  

Product  category Recommended  
l evel  of  water  protection  

Remarks  

Fixed  separate  
( i ndoor)  

N o  pro tecti on  Products  i n tended  for  i ndoor u se  are  un l i ke l y  to  be  
exposed  to  water  an d  do  not  requ i re  water  protect i on .  

Portabl e  separate  Occasi onal  rai n  Portabl e  products  can  experi ence  occasional  water  
exposu re  i n  servi ce  and  shou ld  have  some  deg ree  o f  
water  protect i on .  

Portabl e  i n teg rated  Frequ en t  rai n  Portabl e  i n teg rated  products  are  l i ke l y  to  be  exposed  to  
water  wh en  l e ft  ou ts i de  to  so lar  charge  and  shou l d  
have  good  water  exposu re  protecti on .  

F i xed  i n teg rated  
(ou tdoor)  

Perm anen t  ou tdoor exposu re  Ou tdoor  products  are  certai n  to  be  exposed  to  rai n  and  
shou l d  have  a  h i g h  deg ree  o f  water  exposu re  
protect i on .  

Separate  PV modu l e  Perm anen t  rooftop  
i n stal l ati on  fo r  PV modu l es  

Separate  PV modu les  are  certai n  to  be  exposed  to  rai n ,  
and  any sensi t i ve  e l ectron i cs  shou l d  have  a  h i g h  
deg ree  of  water  exposu re  pro tecti on .  

 

5.4.4.4  End  user support  

End  user support  cri teria  describe  the  i n formation  ( label l i ng ,  i nstructi ons,  and  bu i l t- i n  
i nd icators)  that  enables  end  users  to  main tain  and  fu l l y  real i ze  the  poten tial  o f  a  device   
(Table  1 1 ) .   

Table  1 1  – End  user support  cri teria  for  qual i ty standards 

End  user  
support  
cri terion  

Aspect(s)  
considered  i n  
assessment  

Standard  
speci fi cation  

Remarks  

I n formati on  
on  product  
des i gn ,  
u t i l i zat i on ,  
and  care  

4 . 2 . 2 . 7  
Packag i ng  and  
u ser’ s  manual  
i n formati on  

 

Requ i remen ts  
fo r  end  u ser  
i n form ati on .  

Defi ne  i f  there  are  requ i rements  for  consum er- faci ng  
i n formati on  on  packag i ng  or  i n  a  u ser’ s  man ual .  I n  some  
cases,  a  speci f i c  p i ece  o f  i n formati on  h as  i mpl i cat i ons  for  
the  requ i red  l evel  o f  qu al i ty  i n  another  cri teri on  (e . g .  
advi s i ng  th e  user  to  protect  the  devi ce  from  exposu re  to  
water  on  the  packag i ng  or  i n  the  u ser’ s  manual  may 
warran t  a  reducti on  i n  the  requ i remen ts  for  water  
protecti on  def i ned  by  4 . 2 . 3 . 1  an d  4 . 2 . 3 . 2) .  

Other  4 . 2 . 2 . 1 1  Other 
vi sual  screen i ng  
resu l ts  

Requ i remen ts  
fo r  parti cu l ar  
aspects  of  the  
vi sual  screen i ng .  

Defi ne  i f  there  are  requ i rements  for  o ther  aspects  of  end  
u ser su pport  (e . g .  i nd i cator  l i g h ts ) .  As  wi th  requ i remen ts  
for  consumer- faci n g  i n form ati on ,  these  requ i remen ts  
shou l d  be  added  wi th  care  to  avoi d  over-prescri bi ng .   
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5.4.5  Warranty requ irements  cri teria  

Warranty requ i rements  are  general l y  narrow i n  scope,  focusing  on  the  m in imum  durati on  and  
coverage  for product  warran ties.  I n  s i tuations  where  there  i s  a  speci fi c  need  for service  i n  a  
particu lar l ocation ,  service  capabi l i t ies  may be  added  to  the  warran ty requ i rements.  Table  1 2  
l i s ts  cri teria  that  are  i ncluded  i n  a  warran ty standard .   

Table  1 2  – Cri teria  for  warranty standards 

End  user  support  
cri terion  

Aspect(s)  
considered  i n  
assessment  

Standard  
speci fi cation  

Notes  

Mai n tenance  and  
warran ty terms  

4 . 2 . 2 . 8  Warran ty  
i n formati on   

M i n i mum  warran ty  
du rati on  an d  
coverage.  

Def i ne  the  m i n imum  warran ty  terms  wi th  
cons i derati on  fo r  the  i mpl i cati on s  on  
avai l abi l i ty  o f  servi ce  and  reasonable  
expectati on s  for  g u aran teed  l i fe t i me.   

Servi ce  
capabi l i t i es  

4 . 2 . 1 1 . 2  Warran ty 
coverage  

M i n i mum  avai l abi l i ty  
o f  servi ce  to  end  
u sers  i n  a  parti cu l ar  
l ocati on  

These  requ i remen ts  are  very  speci f i c  to  
" l ocal "  pro j ects  typi cal l y.   

 

6 Qual i ty test  method  

6.1  General   

The  qual i ty  test  method  (QTM)  i s  a  ri gorous  set  of  tests  wi th  a  re lati vely  l arge  sample  s i ze  
that  uses  randomly procured  samples.  I t  i s  the  most  stringen t  set  of  tests  i n  th i s  part  o f  
I EC  62257  and  i s  appropriate  for:  

•  qual i fi cation  for  market  support  programmes,  and  

•  g enerating  i n formation  for th i rd-party  veri f ied  speci fi cation  sheets.  

6.2  Appl ications 

QTM  tests  can  support  a  broad  range  of  qual i ty  assurance  needs  where  ri gorous,  unbiased  
test  resu l ts  are  requ i red .  Table  1 3  l i s ts  examples  of  how they are  appl ied  depend ing  on  the  
type  of  qual i ty  assurance  framework:  

Table  1 3  – Appl ications  of  product  speci fications 

Type of  QA 
framework 

Example(s)  of  applying  Clause  6  

General  m arket  
su pport  

Requ i re  QTM  resu l ts  fo r qual i fyi ng  fo r  market  support.  Accept  QTM  resu l ts  from  any 
accred i ted  l aboratory.  

Use  QTM  resu l ts  to  produce  s tandard i zed  speci f i cat i on  sheets .  

Manu factu ri ng / 
d i s tri bu ti on  

Use  QTM  resu l ts  to  assess  the  fu l l  producti on /suppl y  chai n .  

Requ i re  QTM  resu l ts  fo r  assessi ng  poten ti al  bu si n ess  partners .  Accept  QTM  resu l ts  
from  any accred i ted  l aboratory.  

Bu l k procu remen t  Requ i re  QTM  resu l ts  fo r assessi ng  poten ti al  su ppl i ers .  Accept  QTM  resu l ts  from  any 
accred i ted  l aboratory.  

Trade  regu l ati on  Requ i re  QTM  resu l ts  fo r  qu al i fyi n g  for  tax  exempti on .  Accept  QTM  resu l ts  from  an y 
accred i ted  l aboratory.  

 

6.3  Sampl ing  requ irements 

The  product  samples  shou ld  be  selected  and  sh ipped  to  the  test  lab  accord ing  to  the  random  
sampl ing  gu idel i nes  ou tl i ned  i n  Annex E .   
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The  recommended  number of  samples  to  procure  for  QTM  testing  i s  1 8:  s i x  each  for two  
paral le l  batches  plus  s i x  spares.  

6.4  Laboratory requ irements  

The  test  l aboratory shou ld  be  properly  trained  to  undertake  the  test  methods  described  below 
and  accred i ted  by an  i n ternational  or  national  s tandards  body (e . g .  I LAC using  I SO 1 7025) .  
The  measurement equ ipment  shou ld  be  cal ibrated  against  reference  i nstruments  annual l y,  or  
as  d i rected  by the  equ ipment  manu facturer  or  l aboratory accred i tation  organ ization .  

6.5  Testing  requ irements  

Each  of  the  aspects  l i s ted  i n  Table  1 4  shou ld  be  measured  where  they are  appl i cable  to  a  
product.  I t  i s  not  necessary that  each  aspect  be  measured  on  each  sample  under test,  bu t  i t  i s  
importan t  to  note  i n  the  test  resu l ts  wh ich  samples  were  the  source  of  each  resu l t  i n  an  
unambiguous  way.  A general  description  of  the  test  method  fam i l y  for  each  aspect  i s  l i s ted  for 
i n formati ve  pu rposes  on ly.   

For products  wi th  mu l tiple  setti ngs,  at  l east  one  set  o f  test  resu l ts  shou ld  fu l l y  characteri ze  the  
performance  on  the  h ighest  l i gh t  ou tpu t  setti ng .  Add i t i onal  setti ngs  may be  measured  at  the  
d iscreti on  of  the  test  laboratory to  veri fy  tru th  i n  adverti s ing  statements  from  the  manu facturer 
when  other  l i gh t  setti ngs  are  adverti sed ,  or  as  requ i red  i n  the  product  speci fi cation .  

Table  1 4  – QTM  testing  requ i rements  (1  of 3)  

Aspect  Reference Appl i cabi l i ty Sample  
si ze  

Test  
c l asses  

Test  method  
fami l y 

Product  design ,  
manufacture,  and  marketing  
aspects  

4. 2.2   

Arrangem ent  of  compon en ts  4 . 2 . 2 . 1  Al l  products  1  A  Vi sual  
screen i ng  

Ch arg i ng  system  i n formati on  4 . 2 . 2 . 2  Al l  products  1  A  Vi sual  
screen i ng  

Li g h t i ng  system  i n form ati on  4 . 2 . 2 . 3  Al l  products  1  A  Vi sual  
screen i ng  

Energ y s torage  system  
i n formati on  

4 . 2 . 2 . 4  Al l  products  1  A  Vi sual  
screen i ng  

Battery  easy repl aceabi l i ty  4 . 2 . 2 . 5  Al l  products  1  A  Vi sual  
screen i ng  

Battery  general  aspects  4 . 2 . 2 . 6  Al l  products  1  A  Vi sual  
screen i ng  

Packag i ng  and  u ser’ s  m anual  
i n formati on  

4 . 2 . 2 . 7  Al l  products  1  A  Vi sual  
screen i ng  

Warran ty  i n formati on  4 . 2 . 2 . 8  Al l  products  1  A  Vi sual  
screen i ng  

Auxi l i ary  featu res  i n formati on  4 . 2 . 2 . 9  Al l  products  1  A  Vi sual  
screen i ng  

Appl i ances  i n form ati on  4 . 2 . 2 . 1 0  Al l  products  1  A  Vi sual  
screen i ng  

Oth er vi su al  screen i ng  resu l ts  4 . 2 . 2 . 1 1  Al l  products  1  A  Vi sual  
screen i ng  
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Table  1 4  (2 of 3)  

Aspect  Reference Appl i cabi l i ty Sample  
si ze  

Test  
c l asses  

Test  method  
fami l y 

Product  durabi l i ty and  
workmanship  aspects  

4 .2.3   

Water  protecti on  – encl osu re  
an d  PV modu le  

4 . 2 . 3 . 1  

4 . 2 . 3 . 4  

Al l  products  1  A,  B  I P  c l ass  
assessmen t  

Water  protecti on  – c i rcu i t  
protecti on  and  d rai nage  

4 . 2 . 3 . 2  At  the  request  o f  
the  testi ng  cl i en t  

1  A  n /a  

Water  protecti on  – overal l  4 . 2 . 3 . 3  Al l  products  1  A  I P  c l ass  
assessmen t  

Phys i cal  i ng ress  protecti on  4 . 2 . 3 . 5  

4 . 2 . 3 . 6  

Al l  products  1  A,  B  I P  c lass  
assessmen t  

Drop  res i stance  4 . 2 . 3 . 7  Portabl e  
componen ts ,  
excl ud i n g  
appl i ances  such  as  
rad i os ,  smal l  TVs,  
DVD  pl ayers ,  and  
fans  th at  are  not  
typi cal l y  expected  
to  meet  du rabi l i ty  
s tandards  

6  A,  B  Du rabi l i ty  

Goosen eck an d  movi ng  part  
du rabi l i ty  

4 . 2 . 3 . 8  Products  wi th  a  
g ooseneck/m ovi ng  
part  

6  A  Du rabi l i ty  

Connector  du rabi l i ty  4 . 2 . 3 . 9  Al l  products  6  A  Du rabi l i ty  

Swi tch  du rabi l i ty  4 . 2 . 3 . 1 0  Al l  products  6  A  Du rabi l i ty  

S trai n  re l i e f  du rabi l i ty  4 . 2 . 3 . 1 1  Al l  products  6  A  Du rabi l i ty  

Wi ri ng  qual i ty  4 . 2 . 3 . 1 2  Al l  products  6  A  Vi sual  
screen i ng  

Battery  protecti on  s trateg y 4 . 2 . 3 . 1 3  Al l  products  6  A  Charge  
con tro l l er  
testi ng  and  
Battery  s torage  
du rabi l i ty  

Lighting  durabi l i ty aspects  4 .2.4   

2  000  h  l umen  main tenance  4 . 2 . 4. 2  Al l  products  6  A  Lu men  
mai n ten ance  

F l uorescen t  l i gh t  du rabi l i ty  4 . 2 . 4. 3  Products  wi th  
f l u orescen t  l i gh t  

6  A  Extra  tests  for  
f l u orescen t  
l i g h ts  

Battery performance  
aspects  

4 .2.5   

Battery  capaci ty  4. 2 . 5 . 1  Al l  products  6  A  Battery  tests  

Battery  round -tri p  energy 
eff i ci ency 

4 . 2 . 5 . 2  Al l  products  6  A  Battery  tests  

Battery  s torag e  du rabi l i ty  4 . 2 . 5 . 3  Al l  products  6  A  Battery  tests  

Battery  nomi nal  vo l tage  4 . 2 . 5 . 4  Al l  products  6  A  Battery  tests  

Solar  module  aspects  4 .2.6   

So l ar I -V  cu rve  parameters  4. 2 . 6 . 1  Al l  products  6  A,  B  So l ar  modu l e  
tests  

Cabl e  l eng th  4 . 2 . 6 . 2  Al l  products  6  A  Vi sual  
screen i ng  
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Table  1 4  (3 of 3)  

Aspect  Reference Appl i cabi l i ty Sample  
s i ze  

Test  
c l asses  

Test  method  
fami l y 

Performance  aspects  4 .2.8   

So l ar-day l i g h t i ng  run  t ime  4 . 2 . 8 . 3  So l ar  charged  
products  

6  A  Run  t i me  

Li gh t i ng  fu l l -battery  run  t i me  4 . 2 . 8 . 6  Al l  products  6  A  Run  t i me  

Gri d -charge  run  t im e  4 . 2 . 8 . 7  G ri d  charged  
products  

6  A  Run  t i me  

E l ectromechan i cal  charge  
rat i o  

4 . 2 . 8 . 7  E l ectrom echan i cal l y  
charg ed  products  

6  A  Run  t i me  

Ligh t  ou tput  aspects  4 .2.9   

Averag e  l um i nous  f l u x  ou tpu t  4. 2 . 9 . 1  Al l  products  6  A  Lum inous  f l u x  

Fu l l  wi d th  hal f  maxi mum  
(FWH M)  ang l es  

4 . 2 . 9 . 2  Al l  products  2  A  Li g h t  
d i s tri bu ti on  

Averag e  l i gh t  d i s tri bu ti on  
ch aracteri sti cs  

4 . 2 . 9 . 3  Al l  products  2  A  L i gh t  
d i s tri bu ti on  

Co l ou r characteri st i cs  4 . 2 . 9 . 4  Al l  products  6  A  Lum inous  f l u x  

Circu i t  effic iency aspects       

Battery-charg i ng  ci rcu i t  
e ff i ci ency  

4. 2 . 1 0  Al l  products  6  A  C i rcu i t  
e ff i ci ency 

Sel f-certi fication  aspects  4 .2. 1 1   

P roduct  and  manu factu rer  
i n formati on  

4. 2 . 1 1 . 1  Al l  products  n /a  A  Se l f- reported  

Warran ty  coverage  4 . 2 . 1 1 . 2  As  requ i red  for  
prog rammes  

n /a  A  Se l f- reported  

Th i rd -party  m arks  and  
certi f i cati ons  

4 . 2 . 1 1 . 3  Al l  products  n /a  A  Se l f- reported  

 

6.6  Recommended  tests  programme 

6.6.1  General  

The  fo l lowing  prog ramme,  i l l ustrated  i n  Figure  7,  i s  one  strategy to  accompl ish  al l  the  tests  i n  
a  t imely manner.  
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Figure  7  – Recommended  sequence of  testing  for  QTM 

6.6.2  Test  preparation  

6.6.2.1  General  

The  i n i t ial  i n take  steps  i nvolve  ensu ri ng  the  samples  are  i n tact,  preparing  them  for  fu rther 
tests,  and  requesting  sel f-certi fi cation  i n formation  from  the  manu factu rer.  

6.6.2.2  Test  sample  intake and  sh ipping  inspection  

The  samples  shou ld  al l  be  i nspected  for  sh ipping  damage,  unambiguously  label led  for 
i den ti fi cation  during  the  testi ng  process,  and  placed  i n to  batches.   

6.6.2.3  Manufacturer sel f-reported  information  

I f  i t  has  not  al ready been  done,  the  manu facturer  (or  thei r  proxy)  shou ld  be  con tacted  to  ask 
for  sel f-certi fi cation  i n formation  that  i s  ou tl i ned  i n  Annex D  and  to  i n form  them  the  test  
samples  were  received .  

6.6.2.4  Visual  screening  

The  visual  screen ing  shou ld  be  done  before  any other tests  and  before  the  samples  are  
al tered  to  prepare  them  for  o ther  tests.  The  vi sual  screen ing  procedure  i s  presen ted  i n  
Annex F.  

6.6.2.5  Sample  preparation  

After the  visual  screen ing ,  prepare  the  samples  for  fu rther testi ng  by partial l y  d isassembly to  
provide  easy access  to  various  componen ts.  Sample  preparation  procedures  are  presented  i n  
Annex G .  Al l  samples,  except  for  spares,  shal l  be  prepared .  

6.6.3  Batch  A tests  

6.6.3.1  General  

Batch  A undergoes  the  main  set  o f  tests.   

IEC  
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6.6.3.2  Energy component  tests  

6.6.3.2.1  General  

Energy componen t  tests  can  general l y  be  done  i ndependen tl y  of  each  other on  an  ad-hoc 
basis .  The  recommendation  i s  to  complete  them  before  runn ing  system- level  tests,  or  
complete  them  opportun isti cal l y  as  i s  appropriate.   

6.6.3.2.2  Battery test  

The  battery tests  ( i n  parti cu lar  capaci ty  measurements)  shou ld  be  done  before  any system-
level  run  t ime  tests  to  ensu re  the  batteries  are  "refreshed"  from  any t ime  they spent  i n  s torage  
before  testi ng .  The  battery test  procedure  i s  presen ted  i n  Annex K.  

6.6.3.2.3  Photovol taic  modu le  I -V characteristics  test  

Since  ou tdoor solar PV modu le  testing  i s  subject  to  the  avai labi l i ty  of  a  clear "so lar window",  
they are  often  the  most  "opportun isti c"  o f  the  tests  i n  the  programme.  The  ou tdoor 
photovol taic  modu le  I -V characteristi cs  test  procedure  i s  presen ted  i n  Annex Q.  

For amorphous  so lar  modu les,  i t  i s  importan t  to  beg in  sun  soaking  the  modu les  immed iately  
after  they are  received ,  s ince  at  l east  30  days  of  ou tdoor exposure  are  needed  before  the  
tests  commence.   

6.6.3.3  Run  t ime tests  

6.6.3.3. 1  General  

The  fu l l -battery run  t ime  test  shou ld  be  carried  ou t  pri or to  the  add i ti onal  run  time  related  tests.  
The  add i ti onal  run  time  related  tests  requ i re  using  measured  values  during  the  test  to  
determine  the  speci fi ed  run  time.   

6.6.3.3.2  Fu l l -battery run  t ime 

I t  i s  o ften  conven ien t  to  do  the  fu l l -battery run  t ime  test  d i rectl y  after  the  battery capaci ty 
measurements.  Cycle  the  batteries  (as  i s  done  i n  the  battery capaci ty  measurements)  and  
fu l l y  charge  them  before  th is  test.  The  fu l l -battery run  t ime  test  procedure  i s  presen ted  i n  
Annex M .  

6.6.3.4  Charge control ler  behaviour test  

The  deep-d ischarge  protection  charge  con tro l ler measurement  may be  i ncorporated  i n to  the  
fu l l -battery run  t ime.  The  overcharge  protection  charge  con trol ler  measurement  requ i res  
i ndependen t testing .  The  charge  con trol ler  behaviour test  procedure  i s  presen ted  i n  Annex S.  

6.6.3.5  Fu l l  d ischarge preparation  

A fu l l  d i scharge  shal l  be  conducted  to  prepare  the  sample  for  the  solar  charge  test.  
Procedures  for  a  fu l l  d i scharge  are  presen ted  i n  Annex N .  

6.6.3.6  Other tests  

6.6.3.6. 1  Solar charge efficiency test  

Solar  charg ing  effi ci ency testi ng  shal l  be  commenced  after the  sample  i s  fu l l y  d i scharged  
accord ing  to  the  fu l l  d i scharge  preparation  i n  Annex N .  The  so lar charge  effi ciency value  i s  
used  to  determ ine  the  so lar run  t ime.  The  solar charge  test  procedure  i s  presen ted  i n  
Annex R.  
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6.6.3.6.2  Grid  charge test  

Grid  charge  testing  shal l  be  commenced  after  the  sample  i s  fu l l y  d i scharged  accord ing  to  the  
fu l l  d i scharge  preparation  i n  Annex N .  The  g rid  charge  effi ciency value  determ ined  by the  g rid  
charge  test  i s  used  to  determ ine  the  g rid  run  t ime.  The  g ri d  charge  test  procedure  i s  
presen ted  i n  Annex O.  

6.6.3.6.3  Electromechanical  charge test  

Electromechan ical  charge  testi ng  shal l  be  commenced  after  the  sample  i s  fu l l y  d i scharged  
accord ing  to  the  fu l l  d i scharge  preparation  i n  Annex N .  The  e lectromechan ical  charge  
effi ciency value  determined  by the  e lectromechan ical  charge  test  i s  used  to  determ ine  the  
electromechan ical  charg ing  ratio .  The  e lectromechan ical  charge  test  procedure  i s  presen ted  
i n  Annex P.  

6.6.3.6.4  Light  output  test  

The  l i gh t  ou tpu t  test  i s  not  s trictl y  on  components,  bu t  o f  a  system  i nclud ing  a  dri ver,  l i gh t  
source,  and  opti cal  components.  However,  the  system  may be  treated  as  a  s ing le  componen t 
i f  i t  i s  separable  from  the  other  main  components  wh i l e  main tain i ng  the  same electrical  and  
thermal  characteristics  that  are  presen t  when  the  product  i s  fu l l y  assembled .  The  l i gh t  ou tpu t  
test  procedure  shou ld  be  done  after  the  fu l l -battery run  time  test  and  i s  presented  i n  Annex I .  

6.6.3.6.5  Light  d istribution  test  

Like  the  l i gh t  ou tpu t  test,  the  l i gh t  d i stribu tion  test  i s  not  s tri ctl y  on  componen ts,  bu t  of  a  
system  i nclud ing  a  d ri ver,  l i gh t  source,  and  optical  componen ts.  However,  the  system  may be  
treated  as  a  s ing le  component  i f  i t  i s  separable  from  the  other  main  componen ts  wh i le  
main tain ing  the  same  electrical  and  thermal  characteri stics  that  are  present  when  the  product  
i s  fu l l y  assembled .  The  l i gh t  d i stribu tion  test  procedure  shou ld  be  done  after the  fu l l -battery 
run  time  test  and  i s  presen ted  i n  Annex T.  

6.6.3.7  Energy service calcu lations  (optional )  

The  energy service  calcu lations  described  i n  Annex GG  are  used  to  estimate  the  system- level  
run  t ime  at  a  g i ven  u ti l i ty  l evel  (e . g .  l umens  of  l i gh t,  or  volume of  rad io  play) .  The  calcu lations  
use  values  from  the  battery test  (Annex K) ,  the  solar charge  test  (Annex R) ,  the  assessment  
of  DC  ports  (Annex EE) ,  generic  appl iances  (Annex HH ) ,  Appl iance  tests  (Annex FF) ,  and  fu l l -
battery run  t ime  test  (Annex M) .  Al l  o f  these  tests  shal l  be  conducted  prior  to  f i nal i z i ng  the  
energy service  calcu lati ons.  

6.6.4  Batch  B  tests  

6.6.4.1  General  

Batch  B  undergoes  l ong -term  l umen  main tenance  testi ng  i n  paral le l  wi th  Batch  A testi ng .  

6.6.4.2  Lumen  maintenance test  

The  batch  B  samples  shal l  not  have  undergone  any other testi ng  prior to  l umen  main tenance  
testi ng .  Th is  test  i s  l ong -term  and  i s  carri ed  ou t  i n  paral le l  wi th  those  tests  undergone  by 
batch  A samples.  The  l umen  main tenance  test  procedure  i s  presen ted  i n  Annex J .  

6.6.4.3  Battery durabi l i ty test  

Whi le  the  l i gh ti ng  appl iances  of  the  batch  B  samples  are  connected  to  power suppl ies  for  the  
l umen  main tenance  test,  the  batteries  of  the  batch  B  samples  are  tested  for  du rabi l i ty  during  
storage  accord ing  to  the  test  procedure  i n  Annex BB.  Th is  test  i s  also  long -term  and  i s  carried  
ou t  i n  paral le l  wi th  the  tests  undergone  by batch  A samples.  
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6.6.5  Batch  C  – potential ly destructive  tests   

6.6.5.1  General  

I n  general ,  i t  i s  best  to  save  destructi ve  testi ng  to  the  end  of  the  test  programme to  ensure  
su ffi cien t  samples  are  avai lable  i n  o ther tests.  These  tests  may be  performed  on  spare  
samples  or  batch  A or  B  samples  that  have  f i n ished  al l  o ther testing .  

6.6.5.2  Physical  and  water ingress  protection  test  

Physical  and  water i ng ress  protecti on  shal l  be  assessed  on  samples  that  have  the  least  
amoun t  of  impact  or  adu l teration  from  the  testi ng  process.  Unused  spares  shou ld  be  the  
preferred  samples  for  th i s  assessment.  The  physical  and  water i ng ress  protection  test  
procedure  i s  presen ted  i n  Annex U .  I t  i s  also  possible  for  product  to  be  assessed  for  water 
protection  wi th  the  level  o f  water  protection  procedure,  wh ich  i s  presen ted  i n  Annex V.  

6.6.5.3  Mechanical  durabi l i ty test  

I t  i s  preferable  to  do  du rabi l i ty  testi ng  (swi tches,  connectors,  gooseneck/moving  part,  and  
drop  test)  on  the  "spare"  samples  that  have  not  been  al tered  for  testing .  However,  i t  i s  o ften  
i n feasible  to  accompl ish  th is  i f  the  unadu l terated  spares  are  requ i red  for o ther  tests  and  i n  the  
best  case  there  wi l l  be  fi ve  unadu l terated  spares  ou t  o f  the  ori g inal  1 8 .  I n  th is  case,  the  " l east  
mod i fied"  samples  from  Batch  A or  Batch  B  shou ld  be  used.  The  mechan ical  durabi l i ty  test  
procedure  i s  presented  i n  Annex W.  

6.6.5.4  Ci rcu i t  protection  tests  (optional )  

6.6.5.4. 1  Output  overload  protection  test  

Th is  test  assesses  whether the  DUT i s  protected  against  excessive  load  or  short  ci rcu i ts  
appl ied  to  the  appl iance  receptacles  and  i s  described  i n  Annex DD.  The  test  i s  not  dependent  
on  any other  tests,  bu t  i s  requ i red  to  be  conducted  prior  to  the  assessment  of  DC  ports  i n  
Annex EE.  The  test  i s  poten tial l y  destructi ve  and  shou ld  be  conducted  on  e i ther samples  that  
have  fi n i shed  testing  i n  batches  B  or  C,  or  spare  samples  that  are  not  requ i red  for  any other 
tests.   

6.6.5.4.2  Miswiring  protection  test  

Th is  test  assesses  whether the  DUT i s  protected  against  improper wi ri ng .  The  test  i s  not  
dependen t  on  any other tests,  bu t  i s  poten tial l y  destructive  and  shou ld  be  conducted  on  e i ther 
samples  that  have  fi n i shed  testing  i n  batches  A,  B  or  C,  or  spare  samples  that  are  not  
requ i red  for  any other  tests.  Note  there  are  several  s i tuati ons  described  i n  Annex DD  i n  wh ich  
th is  test  need  not  be  conducted .  

6.6.5.4.3  PV overvol tage protection  test  

The  PV overvol tage  protection  test  assesses  whether the  DUT can  wi thstand  a PV 
overvol tage  cond i ti on  when  the  battery i s  d i sconnected .  Th is  test  i s  conducted  on  on ly  one  
sample  and  shal l  be  conducted  after perform ing  the  photovol taic  modu le  I -V performance  test  
(Annex Q) .  The  test  i s  poten tial l y  destructive  and  shou ld  be  conducted  ei ther on  samples  that  
have  f i n ished  testi ng  i n  batches  A,  B  or  C,  or  on  spare  samples.  Note  there  are  several  
s i tuations  described  i n  Annex DD  i n  wh ich  th is  test  need  not  be  conducted .  

6.6.6  Report  preparation  

After testing  i s  complete  and  the  resu l ts  are  val idated ,  a  report  i s  generated  and  checked  for 
accuracy before  submission  to  the  cl i en t.  
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6.7 Reporting  

The  report  for QTM  testing  shou ld  support  any acti vi ti es  that  depend  on  the  i n formation  from  
QTM  testi ng .  

At  a  m in imum,  the  report  shou ld  i nclude  the  fo l l owing  e lements.  

a)  I n formati ve  cover page.  

b)  Summary page(s) .  

c)  Detai led  test  reports  that  i nclude  resu l ts  for  the  aspects  described  i n  6 . 5  that  were  
measured  at  the  primary test  l ab.  Requ i red  resu l ts  are  l i s ted  at  the  end  of  each  annex.  

d )  Detai led  test  reports  for tests  performed  at  o ther labs  (e. g .  i ng ress  protection  test  resu l ts  
done  at  a  special ty  I P  test  lab) .  

e)  Annexes  that  i nclude  supplementary images  and/or other supporting  i n formation .  

f)  Annexes  that  i nd icate  manu facturer-provided  i n formation  and  sel f-certi fi cation  evidence  
(e. g .  certi fi cates  of  compl iance) .  

7 Market  check method  

7.1  General   

The  market  check method  (MCM)  i s  a  f lexible  set  o f  tests  that  i s  designed  for  market  
mon i toring  and  en forcement.  The  MCM  may comprise  al l  the  QTM  tests,  or  a  targeted  subset  
of  the  QTM  tests.  The  tests  are  designed  for  use  i n  the  fo l l owing  s i tuations:  

•  when  a  program  wants  to  mon i tor the  on -going  qual i ty  and  performance  of  previously  
tested  products;  

•  when  there  i s  suspicion  that  products  on  the  market  are  substandard  compared  to  those  
that  were  orig inal l y  tested  for  programme qual i f i cation  or  the  producti on  of  a  s tandard ized  
speci fi cation  sheet;  

•  when  a  product  i s  partial l y  updated  and  an  update  i s  requ i red  for  a  s tandard ized  
speci fi cation  sheet.  

MCM  testi ng  may be  implemented  as  a  two-stage  process.  I n  the  fi rst  s tage,  wh ich  i s  referred  
to  as  primary check testi ng ,  the  i n i tial  screen ing  method  ( ISM)  described  i n  C lause  8  i s  used  
wi th  a  sample  s i ze  between  two  to  s i x.  I f  resu l ts  from  these  tests  meet or  exceed  performance  
from  prior  QTM  testi ng ,  no  fu rther action  i s  requ i red .  However,  i f  the  resu l ts  i nd icate  possible  
deficiencies  re lati ve  to  the  product  speci fi cation  and/or prior  QTM  test  resu l ts ,  add i ti onal  
testi ng  may be  used  to  con fi rm  the  problem.  Th is  subsequen t  testi ng ,  wh ich  i s  referred  to  as  
secondary check testi ng ,  wi l l  focus  on ly  on  the  aspects  of  the  product  that  appeared  to  have  
deficiencies  accord ing  to  the  primary check testing  resu l ts.  The  requ i red  sample  s ize  and  
al lowable  test  classes  for secondary check testi ng  usi ng  the  MCM  shou ld  be  the  same  as  
those  requ i red  for  QTM  testi ng  of  the  same  aspect  (see  6 .5) .   

Al ternatively,  i f  a  product  i s  partial l y  updated  or  on ly  suspected  to  be  substandard  i n  
particu lar aspects,  a  prog ram  may choose  to  forego  the  fi rst  s tage  of  primary check testing  
and  conduct  targeted  secondary check testing  on  on ly those  aspects.  

7.2  Appl ications 

MCM  tests  may have  a  narrower focus  than  QTM  tests  – they may be  targeted  for  determ in ing  
i f  a  deviation  has  occurred  from  previous  QTM  resu l ts  for  particu lar aspects.  Table  1 5  l i s ts  
examples  of  how MCM  tests  are  appl ied  depending  on  the  type  of  qual i ty  assurance  
framework.  
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Table  1 5  – Appl ications  of  MCM resu l ts  

Type of  QA framework Example(s)  of  appl ying  MCM  testing  

General  market  support  U se  MCM  resu l ts  for  market  mon i tori ng  an d  en forcemen t.  

U se  MCM  resu l ts  to  u pdate  s tan dard i zed  speci fi cati on  sheets .  

U se  MCM  resu l ts  to  renew QTM  test  resu l ts .  

Manu factu ri ng /d i s tri bu t i on  Use  MCM  resu l ts  for  market  mon i tori ng .  

Bu l k procu remen t  n /a  

Trade  regu l at i on  U se  MCM  resu l ts  for  market  mon i tori ng  and  en forcemen t.  

 

7.3  Sampl ing  requ irements 

The  test  samples  shou ld  be  randomly procured  from  retai l  ou tlets  i n  the  market  accord ing  to  
procedures  i n  Annex E.  I n  select  cases,  i t  may be  appropriate  to  accept  samples  randomly 
sampled  from  a  manu factu rer’s  warehouse  accord ing  to  procedures  i n  Annex E.  

Enough  samples  shou ld  be  provided  or  se lected  so  i t  i s  possible  to  complete  the  tests  i n  a  
t imely  manner and  accoun t  for  un foreseen  needs  of  add i tional  samples.   

The  recommended  number of  samples  for  primary check testing  i s  s i x:  two  per batch  plus  two  
spares.  The  recommended  number of  samples  for  secondary check testi ng  wi l l  depend  on  the  
aspects  under test,  bu t  may be  up  to  1 8:  s i x  per batch  plus  adequate  spares.  

7.4  Laboratory requ irements 

The  test  laboratory shou ld  be  properly  trained  to  undertake  the  test  methods  described  below 
and  accred i ted  by an  i n ternational  or  national  s tandards  body (e . g .  I LAC using  ISO 1 7025) .  
The  measurement  equ ipment  shou ld  be  cal ibrated  against  reference  i nstruments  annual l y,  or  
as  d i rected  by the  equ ipment  manu facturer or  l aboratory accred i tation  organ ization .  

7.5  Testing  requ irements 

Most of  the  speci fi c  test  requ i rements  for MCM  tests  wi l l  depend  on  the  aspects  that  are  being  
tested .   

The  parti cu lar test  p lan  for  MCM  testing  i s  case-dependent  and  up  to  the  j udgement  of  the  
organ ization  or  i nsti tu tion  who  i n i tiates  the  testing .  The  fo l l owing  recommendations  shou ld  be  
kept  i n  m ind  when  creating  MCM  test  p lans.  

•  Always  i nclude  a  vi sual  screen ing  test  to  uncover any unexpected  changes  to  the  product;  
be  ready to  augment  the  ori g i nal  test  plan  pend ing  the  visual  screen ing  resu l ts .  

•  Consider  system- level  impacts  of  component  changes.   

7.6  Recommended  tests  programme 

See  6. 6.  

7.7 Report  requi rements  

The  report  for MCM  testi ng  shou ld  support  any acti vi t i es  that  depend  on  the  i n formation  from  
MCM  testing .   

At  a  m in imum,  the  report  shou ld  i nclude  the  fo l l owing  elements:  

a)  i n formative  cover page;  

b)  table  of  con ten ts;  
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c)  summary page(s) ;  

d )  detai l ed  test  reports  that  i nclude  resu l ts  for  the  aspects  described  i n  7. 5;  

e)  annexes  that  i nclude  images  and  other supporti ng  i n formation ;  

f)  annexes  that  i nd icate  manu facturer-provided  i n formation  and  sel f-certi fi cation  evidence  
(e. g .  certi fi cates  of  compl iance) .  

8 In i tial  screening  method  

8.1  General   

The  i n i t ial  screen ing  method  ( ISM)  i s  appropriate  for  pre l im inary testing  and  provid ing  qu ick 
feedback on  product  design  and  performance  i n  absolu te  terms.   

8.2  Appl ications 

ISM  tests  shou ld  be  used  for  obtain ing  qu ick,  pre l im inary resu l ts  to  help  i n form  subsequen t  
rounds  of  testing  that  con fi rm  the  prel im inary resu l ts .  Table  1 6  l i s ts  examples  of  how they are  
appl i ed  depend ing  on  the  type  of  qual i ty  assu rance  framework.  

Table  1 6  – Appl ications of  product  speci fications 

Type  of  QA framework Example(s)  of  applying  th i s  Clause  8  

General  market  support  Use  I SM  resu l ts  to  f i l ter  poten ti al  o rgan i zati on s/products  for  targeted  support,  
fo l l owed  u p  by  QTM  test i ng  fo r those  wi th  prom ise.   

U se  I SM  resu l ts  to  t ri g g er MCM  testi ng  wh en  there  i s  suspici on  o f  a  change  i n  
the  qual i ty  or  performance  or  products  i n  the  market.  

M anu factu ri ng /d i s tri bu ti on  Use  I SM  resu l ts  for  batch - to-batch  mon i tori ng  o f  producti on  runs  o f  sh i pments .  

Bu lk procu remen t  Use  I SM  resu l ts  for  batch - to-batch  mon i tori ng  sh i pmen ts .  

Trade  regu l at i on  Use  I SM  resu l ts  to  make  pre l im i nary deci s i on s,  fo l l owed  up  wi th  QTM  testi ng  to  
con fi rm  resu l ts .  

 

8.3  Sampl ing  requ irements 

The  test  samples  may be  provided  d i rectl y  by a  manu factu rer  (or  thei r  proxy)  or  may be  
randomly procured  from  the  market  accord ing  to  procedures  i n  Annex E .  

Enough  samples  shou ld  be  provided  or  se lected  so  i t  i s  possible  to  complete  the  tests  i n  a  
t imely  manner and  accoun t  for  un foreseen  needs  of  add i tional  samples.   

The  recommended  number of  samples  for  ISM  testi ng  i s  th ree:  one  each  for  two  paral le l  
batches  and  one  spare.   

8.4  Laboratory requ irements 

The  test  l aboratory shou ld  be  properly  trained  to  undertake  the  test  methods  described  below.  
The  measurement  equ ipment  shou ld  be  cal ibrated  against  reference  i nstruments  annual l y,  or  
as  d i rected  by the  equ ipment  manu facturer.   

8.5  Testing  requ irements 

Each  of  the  aspects  l i s ted  i n  Table  1 7  shou ld  be  measured  where  they are  appl icable  to  a  
product.  I t  i s  not  necessary that  each  aspect  be  measured  on  each  sample  under test,  bu t  i t  i s  
importan t  to  note  i n  the  test  resu l ts  wh ich  samples  were  the  source  of  each  resu l t  i n  an  
unambiguous  way.  A general  description  of  the  test  method  fami ly  for  each  aspect  i s  l i s ted  for  
i n formative  purposes  on ly.  
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For products  wi th  mu l tiple  setti ngs,  at  l east  one  set  o f  test  resu l ts  shou ld  fu l l y  characteri ze  the  
performance  on  the  h ighest  l i gh t  ou tpu t  setti ng .  Add i t ional  settings  may be  measured  at  the  
d i scretion  of  the  test  l aboratory to  veri fy  tru th  i n  adverti s ing  statements  from  the  manu factu rer 
when  other  l i gh t  setti ngs  are  adverti sed ,  or  as  requ i red  i n  the  product  speci fi cati on .  

Table  1 7  – ISM  testing  requ irements  (1  of 2)  

Aspect  Reference Appl i cabi l i ty Sample  
s i ze  

Test  
c l asses  
al l owed  

Test  method  
fami l y 

Product  design ,  
manufacture,  and  
marketing  aspects  

4.2.2   

Arrang ement  of  componen ts  4 . 2 . 2 . 1  Al l  products  1  A  Vi sual  
screen i ng  

Charg i ng  system  i n formati on  4 . 2 . 2 . 2  Al l  products  1  A  Vi sual  
screen i ng  

Li gh t i ng  system  i n formati on  4 . 2 . 2 . 3  Al l  products  1  A  Vi sual  
screen i ng  

Energy s torag e  system  
i n formati on  

4 . 2 . 2 . 4  Al l  products  1  A  Vi sual  
screen i ng  

Battery  easy repl aceabi l i ty  4 . 2 . 2 . 5  Al l  products  1  A  Vi sual  
screen i ng  

Battery  general  aspects  4 . 2 . 2 . 6  Al l  products  1  A  Vi sual  
screen i ng  

Packag i ng  and  u ser’ s  
manu al  i n formati on  

4 . 2 . 2 . 7  Al l  products  1  A  Vi sual  
screen i ng  

Warran ty  i n form ati on  4 . 2 . 2 . 8  Al l  products  1  A  Vi sual  
screen i ng  

Auxi l i ary  featu res  i n formati on  4 . 2 . 2 . 9  Al l  products  1  A  Vi sual  
screen i ng  

Appl i an ces  i n formation  4 . 2 . 2 . 1 0  Al l  products  1  A  Vi sual  
screen i ng  

Other  vi sual  screen i ng  
resu l ts  

4 . 2 . 2 . 1 1  Al l  products  1  A  Vi sual  
screen i ng  

Product  durabi l i ty and  
workmansh ip  aspects  

4.2.3   

Water  protecti on  – encl osu re  
and  PV modu le  

4 . 2 . 3 . 1  

4 . 2 . 3 . 4  

Al l  products  1  A,  B  I P  cl ass  
assessmen t  

Water  protecti on  – c i rcu i t  
pro tecti on  and  d rai nage  

4 . 2 . 3 . 2  At  the  request  o f  th e  
testi ng  cl i en t  

0  A  n /a  

Water  protecti on  – overal l  4 . 2 . 3 . 3  Al l  products  1  A  I P  cl ass  
assessmen t  

Physi cal  i ng ress  protecti on  – 
encl osu re  and  PV modu l e  

4 . 2 . 3 . 5  

4 . 2 . 3 . 6  

Al l  products  1  A,  B  I P  c l ass  
assessmen t  

Drop  res i s tance  4 . 2 . 3 . 7  Al l  products  1  A,  B  Du rabi l i ty  

Gooseneck and  movi ng  part  
du rabi l i ty  

4 . 2 . 3 . 8  Products  wi th  a  
g ooseneck/movi ng  
part  

1  A  Du rabi l i ty  

Conn ector  du rabi l i ty  4 . 2 . 3 . 9  Al l  products  1  A  Du rabi l i ty  

Swi tch  du rabi l i ty  4 . 2 . 3 . 1 0  Al l  products  1  A  Du rabi l i ty  

S trai n  re l i e f  du rabi l i ty  4 . 2 . 3 . 1 1  Al l  products  1  A  Du rabi l i ty  

Wi ri ng  qual i ty  4 . 2 . 3 . 1 2  Al l  products  1  A  Vi sual  
screen i ng  
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Table  1 7  (2 of 2)  

Aspect  Reference Appl icabi l i ty Sample  
si ze  

Test  
c l asses  
a l lowed  

Test  method  
fami l y 

Battery  protecti on  s trateg y 4 . 2 . 3 . 1 3  Al l  products  1  A  Ch arge  
con tro l l er  
testi ng  

Lighting  durabi l i ty aspects  4 .2.4   

500  hou r l umen  main ten ance  4 . 2 . 4. 1  Al l  products  1  A  Lum en  
mai n tenance  

Battery performance  
aspects  

4 .2.5   

Battery  capaci ty  4 . 2 . 5 . 1  Al l  products  1  A  Battery tests  

Battery  round -tri p  energy 
eff i ci ency 

4 . 2 . 5 . 2  Al l  products  1  A  Battery  tests  

Battery  s torag e  du rabi l i ty  4 . 2 . 5 . 3  Al l  products  1  A  Battery  tests  

Battery  vo l tage  4 . 2 . 5 . 4  Al l  products  1  A  Battery  tests  

Solar  module  aspects  4 .2.6   

So l ar I -V cu rve  parameters  4 . 2 . 6 . 1  Al l  products  1  A,  B  So l ar  m odu l e  
tests  

So l ar modu l e  cabl e  l eng th  4 . 2 . 6 . 2  Al l  products  1  A  Vi sual  
screen i ng  

Performance  aspects  4 .2.8   

So l ar-day l i g h t i ng  run  t ime  4 . 2 . 8 . 3  Al l  products  1  A  Ru n  t i me  

Li gh t i ng  fu l l -battery ru n  t i me  4 . 2 . 8 . 5  Al l  products  1  A  Run  t i me  

Gri d -charg e  run  t ime  4 . 2 . 8 . 6  Gri d  ch arg ed  
products  

1  A  Run  t i me  

E l ectrom echan i cal  charg e  
rat i o  

4 . 2 . 8 . 7  E l ectromechan i cal l y  
charged  products  

1  A  Ru n  t im e  

Light  ou tput  aspects  4 .2.9   

Average  l um i n ous  f l u x  ou tpu t   4 . 2 . 9 . 1  Al l  products  1  A  Lum inous  f l u x  

Fu l l  wi d th  hal f  maxi mum  
(FWH M)  ang les  

4 . 2 . 9 . 2  Al l  products  1  A  Li gh t  
d i s tri bu t i on  

Average  l i gh t  d i s tri bu ti on  
characteri sti cs  

4 . 2 . 9 . 3  Al l  products  1  A  Li gh t  
d i s tri bu t i on  

Co l ou r characteri s ti cs  4 . 2 . 9 . 4  Opti onal  1  A, B  Lum inous  f l u x  

Ci rcu i t  efficiency aspects   

Battery-charg i ng  ci rcu i t  
e ff i ci ency 

4 . 2 . 1 0  Opt i onal  1  A  C i rcu i t  
e ff i ci ency 

Sel f-certi fication  aspects  4 .2. 1 1   

P roduct  and  man u factu rer 
i n form ati on  

4 . 2 . 1 1 . 1  Al l  products  1  A  Se l f- reported  

Warran ty  coverage  4 . 2 . 1 1 . 2  Al l  products  1  A  Se l f- reported  

Th i rd -party  marks  an d  
certi f i cati ons  

4 . 2 . 1 1 . 3  Opt i onal  1  A  Se l f- reported  

 

8.6  Recommended  tests  programme 

See  6.6.  

8.7 Reporting  

The  report  for  ISM  testi ng  shou ld  support  any acti vi ti es  that  depend  on  the  i n formation  from  
ISM  testi ng .   
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At  a  m in imum,  the  report  shou ld  i nclude  the  fo l l owing  elements:  

a)  i n formati ve  cover page;  

b)  table  of  con ten ts;  

c)  summary page(s) .  

d )  detai l ed  test  reports  that  i nclude  resu l ts  for  the  aspects  described  i n  8 . 5;  

e)  annexes  that  i nclude  images  and  other supporting  i n formation ;  

f)  annexes  that  i nd icate  manu facturer-provided  i n formation  and  sel f-certi fi cation  evidence  
(e. g .  certi fi cates  of  compl iance) .  

9  Accelerated  veri fication  method  

9.1  General   

The  accelerated  veri fi cati on  method  (AVM)  i s  an  optional  pathway to  enable  exped i ted  en try  
to  markets  or  market  support  programmes.  The  AVM  i ncludes  a  2-step  process  of  veri fi cation  
en try testi ng  and  fo l low-up QTM  testi ng .  Resu l ts  from  veri fi cation  en try  testing  may qual i fy  a  
product  for  market  support  un ti l  the  resu l ts  are  veri f ied  th rough  a  more  thorough  fo l l ow-up 
QTM  test.  I t  i s  recommended  that  th i s  pathway on ly  be  offered  to  manu facturers  who  meet  
speci fied  e l i g ibi l i ty  cri teria.  These  th ree  e lements  of  the  AVM  are  described  below:  

•  E l i g ibi l i ty  based  on  a  manu facturer’s  experience  and  h istori cal  performance  wi th  the  off-
g rid  l i gh ti ng  market  support  programme.  Recommended  el i g ibi l i ty  cri teria  shou ld  consider 
the  number of  products  that  a  manu factu rer  has  successfu l l y  tested  wi th  the  programme,  
any recen t  i nstances  i n  wh ich  the  manu facturer  has  submi tted  products  for  testi ng  that  d id  
not  meet  the  qual i ty  standards,  as  wel l  as  the  manu factu rer’s  conduct  i n  the  market  and  
commun ication  wi th  the  market  support  programme.  

•  Exped i ted  veri f i cation  en try  testing  equ ivalen t  to  an  ISM  test  wi th  a  sample  s i ze  of  two.  
When  arrang ing  for  AVM  veri fi cation  en try  testing ,  a  mechan ism  shou ld  be  i ncluded  to  
cover the  cost  o f  fo l l ow-up  testi ng  and  associated  admin istrati ve  costs.  

•  Fo l l ow-up  QTM  testi ng  conducted  shortl y  after  veri fi cation  en try test  i s  f i n i shed  and  the  
product  i s  commercial l y avai lable  i n  markets.  Poor performance  i n  fo l l ow-up  tests  may be  
accompan ied  by penal ti es  enacted  by the  market  support  programme to  i ncen tivize  
compl iance.  Recommended  penal ties  i nclude  loss  of  programme support,  l oss  of  e l i g ibi l i ty  
to  use  the  AVM  pathway and  monetary penal t ies.  

9.2  Appl ications 

The  AVM  pathway i s  on ly  recommended  for manu factu rers  who  meet  speci fied  e l i g ibi l i ty  
cri teria  and  for products  that  are  reasonably expected  to  meet  the  ri gors  of  the  QTM  test.  The  
AVM  enables  these  select  products  to  undergo  i n i t i al ,  exped i ted  testing  wi th  samples  that  are  
represen tative  of  the  products  the  manu facturer  p lans  to  d i stribu te,  bu t  are  not  necessari l y  
from  a  fu l l  production  run .  Table  1 8  l i s ts  examples  of  how AVM  tests  are  appl ied  depend ing  
on  the  type  of  qual i ty  assurance  framework:  
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Table  1 8  – Appl ications  of  AVM  resu l ts  

Type of  QA framework Example(s)  of  applying  AVM  testi ng  

General  market  su pport  Requ i re  AVM  veri f i cati on  en try  test  resu l ts  fo r qual i fyi ng  fo r  temporary market  
support.  Use  fo l l ow-u p  QTM  resu l ts  to  con ti n ue  m arket  support .  Accept  AVM  
resu l ts  from  any accred i ted  l aboratory.  

U se  AVM  veri f i cati on  en try  test  resu l ts  to  produce  s tandard i zed  speci fi cati on  
sheets .  Update  these  s tandard i zed  speci f i cat i on  sh eets  wi th  resu l ts  from  the  
fo l l ow-up  QTM  test.  

Manu factu ri ng /d i stri bu ti on  U se  AVM  veri f i cat i on  en try  test  and  fo l l ow-up  QTM  resu l ts  to  assess  th e  fu l l  
producti on /suppl y  chai n .  

Requ i re  AVM  veri f i cati on  en try  test  and  fo l l ow-u p  QTM  for  assessi ng  poten ti al  
bu s i n ess  partners .  Accept  AVM  resu l ts  from  any accred i ted  l aboratory.  

Bu l k procu remen t  Requ i re  AVM  veri f i cati on  en try  test  and  fo l l ow-u p  QTM  for  assessi ng  poten ti al  
suppl i ers .  Accept  AVM  resu l ts  from  an y accred i ted  l aboratory.  

Trade  regu l ati on  Requ i re  AVM  veri f i cati on  en try  test  and  fo l l ow-u p  QTM  resu l ts  for  qu al i fyi ng  
fo r  tax  exempti on .  Accept  AVM  resu l ts  from  any accred i ted  l aboratory.  

 

9.3  Sampl ing  requ irements 

9.3.1  General  

Testi ng  for  the  AVM  i s  segmented  i n to  two  parts:  veri fi cati on  en try testi ng  and  fo l l ow-up  QTM  
testing .   

9.3.2  Veri fication  entry testing  

The  test  samples  for  veri f i cation  en try  testi ng  may be  provided  d i rectly  by a  manu facturer  (or 
thei r  proxy)  or  may be  randomly procured  from  the  market  accord ing  to  procedures  i n  
Annex E.   

The  manu factu rer shal l  provide  a  declaration  to  accompany the  products  wh ich  states:  "A)  the  
samples  provided  for  testi ng  are  an  accurate  representation  of  the  fi nal  production  model  that  
they plan  to  d istribu te,  and  B)  the  product  i s  expected  to  meet  the  qual i ty  s tandards  of  the  off-
g ri d  l i gh ti ng  market  support  programme. "  Manu factu rers  shal l  also  submi t  documentation  to  
assist  wi th  fo l l ow-up  QTM  testi ng  and  market  check testi ng ,  i nclud ing ,  bu t  not  l im i ted  to :  

•  an  annual  report  l i s ti ng  the  main  markets  i n  wh ich  thei r  qual i ty-veri fi ed  products  are  being  
sold ,  d i fferen tiated  by product  model  name,  

•  the  names  and  con tact  detai l s  o f  the  principal  d i stribu tors  to  whom  they sel l  the i r  products ,  

•  annual  sh ipment  f i gu res  ( for  the  previous  year)  o f  qual i ty-veri fi ed  products ,  and  

•  the  i n tended  markets  and  d i stri bu tors  that  wi l l  be  used  for  the  product  under test.  

Enough  samples  shou ld  be  provided  or  se lected  so  i t  i s  possible  to  complete  the  tests  i n  a  
t imely  manner and  account  for  un foreseen  needs  of  add i ti onal  samples.  The  recommended  
number of  samples  for  the  two-sample  ISM  testing  i s  seven :  two  each  for  two  paral le l  batches  
and  th ree  spares.  

9.3.3  Fol low-up QTM testing  

The  test  samples  for  fo l l ow-up  QTM  testing  shou ld  e i ther be  randomly procured  from  retai l  
ou tlets  i n  the  market  or  randomly sampled  from  a  manu factu rer’s  warehouse  accord ing  to  
procedures  i n  Annex E .  

Enough  samples  shou ld  be  provided  or  se lected  so  i t  i s  possible  to  complete  the  tests  i n  a  
t imely  manner and  account  for  un foreseen  needs  of  add i ti onal  samples.  The  recommended  
number of  samples  to  procure  for  fo l low-up  QTM  testi ng  i s  1 8:  s i x  each  for  two  paral le l  
batches  pl us  s i x  spares.  
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9.4  Laboratory requ irements  

The  test  l aboratory shou ld  be  properly  trained  to  undertake  the  test  methods  described  below 
and  accred i ted  by an  i n ternational  or  national  s tandards  body (e . g .  I LAC using  I SO 1 7025) .  
The  measurement equ ipment  shou ld  be  cal ibrated  against  reference  i nstruments  annual l y,  or  
as  d i rected  by the  equ ipment  manu facturer  or  l aboratory accred i tation  organ ization .  

9.5  Testing  requ irements  

9.5.1  General  

Testing  requ i rements  for the  AVM  are  segmented  i n to  two  parts:  veri fi cati on  en try  testi ng  and  
fo l l ow-up  QTM  testi ng .   

9.5.2  Veri fication  entry testing  

Each  of  the  aspects  l i s ted  i n  Table  1 9  shou ld  be  measured  where  they are  appl icable  to  a  
product.  The  l i s t  o f  tests  i s  equ ivalen t  to  that  of  the  ISM,  bu t  al l  tests,  as ide  from  some select  
vi sual  screen ing  and  I P  assessments,  are  conducted  wi th  a  sample  s ize  of  two.  

I t  i s  not  necessary that  each  aspect  be  measured  on  each  sample  under test,  bu t  i t  i s  
importan t  to  note  i n  the  test  resu l ts  wh ich  samples  were  the  source  of  each  resu l t  i n  an  
unambiguous  way.  A general  description  of  the  test  method  fam i l y  for  each  aspect  i s  l i s ted  for 
i n formative  purposes  on ly.  

For  products  wi th  mu l tiple  setti ngs,  at  l east  one  set  o f  test  resu l ts  shou ld  fu l l y  characterize  the  
performance  on  the  h i ghest  l i gh t  ou tpu t  setti ng .  Add i ti onal  settings  may be  measured  at  the  
d iscreti on  of  the  test  laboratory to  veri fy  tru th  i n  adverti s ing  statements  from  the  manu facturer 
when  other  l i gh t  setti ngs  are  adverti sed ,  or  as  requ i red  i n  the  product  speci fi cati on .  
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Table  1 9  – AVM veri fication  entry testing  requ irements (1  of 2)  

Aspect  Reference Appl icabi l i ty Sample  
s i ze  

Test  
c l asses  
al lowed  

Test  method  
fami l y 

Product  design ,  
manufacture,  and  
marketi ng  aspects  

4. 2.2   

Arrangemen t  of  compon en ts  4 . 2 . 2 . 1  Al l  products  1  A  Vi sual  screen i ng  

Charg i ng  system  i n formati on  4 . 2 . 2 . 2  Al l  produ cts  1  A  Vi sual  screen i ng  

L i g h t i ng  system  i n formati on  4 . 2 . 2 . 3  Al l  products  1  A  Vi sual  screen i ng  

En ergy s torage  system  
i n formati on  

4 . 2 . 2 . 4  Al l  products  1  A  Vi sual  screen i ng  

Battery  easy repl aceabi l i ty  4 . 2 . 2 . 5  Al l  products  1  A  Vi sual  screen i ng  

Battery  g eneral  aspects  4 . 2 . 2 . 6  Al l  products  1  A  Vi sual  screen i ng  

Packag i ng  and  u ser’ s  
manual  i n formati on  

4 . 2 . 2 . 7  Al l  produ cts  1  A  Vi sual  screen i ng  

Warran ty i n formati on  4 . 2 . 2 . 8  Al l  products  1  A  Vi sual  screen i ng  

Au xi l i ary  featu res  i n formati on  4 . 2 . 2 . 9  Al l  produ cts  1  A  Vi sual  screen i ng  

Appl i ances  i n formati on  4 . 2 . 2 . 1 0  Al l  produ cts  1  A  Vi sual  screen i ng  

Oth er  vi sual  screen i ng  
resu l ts  

4 . 2 . 2 . 1 1  Al l  products  1  A  Vi sual  screen i ng  

Product  durabi l i ty and  
workmansh ip  aspects  

4. 2.3   

Water  protecti on  – encl osu re  
and  PV modu le  

4 . 2 . 3 . 1  

4 . 2 . 3 . 4  

Al l  produ cts  1  A,  B  I P  cl ass  
assessmen t  

Water  protecti on  – c i rcu i t  
protecti on  and  d rai nag e  

4 . 2 . 3 . 2  At  the  request  o f  
the  testi n g  cl i en t  

1  A  n /a  

Water  protecti on  – overal l  4 . 2 . 3 . 3  Al l  produ cts  1  A  I P  cl ass  
assessmen t  

Ph ys i cal  i n g ress  protect i on  – 
encl osu re  an d  PV modu l e  

4 . 2 . 3 . 5  

4 . 2 . 3 . 6  

Al l  products  1  A,  B  I P  c l ass  
assessmen t  

Drop  res i s tance  4 . 2 . 3 . 7  Al l  products  2  A,  B  Du rabi l i ty  

Gooseneck and  movi ng  part  
du rabi l i ty  

4 . 2 . 3 . 8  Products  wi th  a  
g oosen eck/movi ng  
part  

2  A  Du rabi l i ty  

Connector  du rabi l i ty  4 . 2 . 3 . 9  Al l  products  2  A  Du rabi l i ty  

Swi tch  du rabi l i ty  4 . 2 . 3 . 1 0  Al l  products  2  A  Du rabi l i ty  

S trai n  re l i e f  du rabi l i ty  4 . 2 . 3 . 1 1  Al l  produ cts  2  A  Du rabi l i ty  

Wi ri ng  qual i ty  4 . 2 . 3 . 1 2  Al l  produ cts  2  A  Vi sual  screen i ng  

Battery  protecti on  s trategy 4 . 2 . 3 . 1 3  Al l  products  2  A  Charg e  con tro l l er  
testi ng  

Ligh ti ng  durabi l i ty aspects  4. 2.4   

500  h  l umen  mai n ten ance  4 . 2 . 4 . 1  Al l  produ cts  2  A  Lum en  
mai n tenance  
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Table  1 9  (2 of 2)  

Aspect  Reference Appl i cabi l i ty Sample  
s i ze  

Test  
c l asses  
al lowed  

Test  method  
fami l y 

Battery performance  aspects  4. 2.5   

Battery  capaci ty  4 . 2 . 5 . 1  Al l  products  2  A  Battery  tests  

Battery  roun d- tri p  energy 
eff i ci ency 

4 . 2 . 5 . 2  Al l  products  2  A  Battery  tests  

Battery  s torag e  du rabi l i ty  4 . 2 . 5 . 3  Al l  products  2  A  Battery  tests  

Battery  vo l tage  4 . 2 . 5 . 4  Al l  products  2  A  Battery  tests  

Solar  modu le  aspects  4. 2.6   

So l ar I -V  cu rve  param eters  4 . 2 . 6 . 1  Al l  products  2  A,  B  So lar modu le  
tests  

So l ar modu l e  cabl e  l eng th  4 . 2 . 6 . 2  Al l  products  2  A  Vi sual  
screen i ng  

Performance aspects  4. 2.8   

So l ar-day l i gh t i ng  run  t ime  4 . 2 . 8 . 3  Al l  products  2  A  Run  t i me  

Li g h t i ng  fu l l -battery  ru n  t i me  4 . 2 . 8 . 5  Al l  produ cts  2  A  Ru n  t i m e  

Gri d -ch arg e  run  t ime  4 . 2 . 8 . 6  G ri d  charged  
produ cts  

2  A  Run  t i me  

E l ectrom echan i cal  charg e  rati o  4 . 2 . 8 . 7  E l ectromech an i cal l y  
charged  products  

2  A  Run  t i me  

Ligh t  ou tpu t  aspects  4. 2.9   

Average  l um in ous  f l u x  ou tpu t   4 . 2 . 9 . 1  Al l  products  2  A  Lu m inous  f l u x  

Fu l l  wi d th  hal f  maxi mum  
(FWH M)  ang l es  

4 . 2 . 9 . 2  Al l  products  2  A  Li g h t  
d i s tri bu ti on  

Average  l i g h t  d i s tri bu ti on  
characteri s ti cs  

4 . 2 . 9 . 3  Al l  products  2  A  Li g h t  
d i s tri bu ti on  

Co l ou r characteri s ti cs  4 . 2 . 9 . 4  Opti onal  2  A,  B  Lu m inous  f l u x  

Circu i t  effi ciency aspects   

Battery-ch arg i ng  ci rcu i t  
e ff i ci ency 

4 . 2 . 1 0  Opti on al  2  A  C i rcu i t  
e ff i ci ency 

Sel f-certi fi cation  aspects  4. 2. 1 1   

P roduct  and  man u factu rer 
i n formati on  

4 . 2 . 1 1 . 1  Al l  produ cts  2  A  Se l f- reported  

Warran ty coverage  4 . 2 . 1 1 . 2  Al l  produ cts  2  A  Se l f- reported  

Th i rd -party  marks  an d  
certi f i cati ons  

4 . 2 . 1 1 . 3  Opti on al  2  A  Se l f- reported  

 

9.5.3  Fol low-up QTM testing  

See  6.5.  Each  of  the  aspects  l i s ted  i n  Table  1 4  shou ld  be  measured  where  they are  appl icable  
to  a  product.  I t  i s  not  necessary that  each  aspect  be  measured  on  each  sample  under test,  
bu t  i t  i s  importan t  to  note  i n  the  test  resu l ts  wh ich  samples  were  the  sou rce  of  each  resu l t  i n  
an  unambiguous  way.  A general  description  of  the  test  method  fami ly  for  each  aspect  i s  l i s ted  
for  i n formative  purposes  on ly.   

For products  wi th  mu l tiple  setti ngs,  at  l east  one  set  o f  test  resu l ts  shou ld  fu l l y  characteri ze  the  
performance  on  the  h ighest  l i gh t  ou tpu t  setti ng .  Add i t ional  settings  may be  measured  at  the  
d i scretion  of  the  test  l aboratory to  veri fy  tru th  i n  adverti s ing  statements  from  the  manu facturer 
when  other  l i gh t  setti ngs  are  adverti sed ,  or  as  requ i red  i n  the  product  speci fi cati on .  
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9.6  Recommended  tests  programme 

See  6.6.  

9.7 Report  requi rements 

The  report  for  AVM  testing  shou ld  support  any acti vi ti es  that  depend  on  the  i n formation  from  
AVM  testing .   

At  a  m in imum,  the  report(s)  shou ld  i nclude  the  fo l lowing  e lements:  

a)  i n formati ve  cover page;  

b)  table  of  con ten ts;  

c)  summary page(s) ;  

d )  detai l ed  test  reports  that  i nclude  resu l ts  for  the  aspects  described  i n  9 . 5;  

e)  annexes  that  i nclude  images  and  other supporting  i n formation ;  

f)  annexes  that  i nd icate  manu factu rer-provided  i n formation  and  sel f-certi fi cation  evidence  
(e. g .  certi fi cates  of  compl iance) .  

1 0  Standardized  speci fication  sheets  

1 0.1  General  

Standard ized  speci fi cati on  sheets  (SSS)  are  a  way to  commun icate  qual i ty  assu rance  
i n formation  to  the  market.  They i nclude  key i n formation  for  poten tial  buyers  of  o ff-g rid  l i gh ting  
products.  The  i n formation  i n  SSS i s  based  on  standard ized  test  resu l ts  from  QTM  testi ng .   

1 0.2  Appl ications 

1 0.2.1  General  

SSS requ i rements  are  usefu l  to  understand  for  the  broad  market,  s i nce  they are  typical l y  the  
primary way to  commun icate  and  share  QTM  test  resu l ts .  Table  20  l i s ts  examples  of  how they 
are  appl ied  depend ing  on  the  type  of  qual i ty  assurance  framework:  

Table  20  – Appl ications of  product  speci fications 

Type of  QA 
framework 

Example(s)  of  appl ying  th is  Cl ause  1 0  

General  m arket  
su pport  

Adm i n i s ter  a  SSS  th i rd -party  veri f i cat i on  prog ram me.  

Manu factu ri ng / 
d i s tri bu ti on  

Use  SSS  to  adverti se  products .  

Bu l k procu remen t  Use  SSS  from  th i rd -party  veri f i ed  sou rces  to  screen  poten t i al  products  for  pu rchase.  

Trade  regu l ati on  Use  SSS  from  th i rd -party  veri f i ed  sou rces  to  screen  appl i can ts  for  import/tax  
prog rammes.  

 

1 0.2.2  Gu idance 

A SSS gu idel ines  document  shou ld  provide  a  framework for  provid ing  clear i n formation  to  
buyers  to  enable  fai r  comparisons  to  be  made  between  d i fferen t  products.  I n  general ,  the  
fo l l owing  are  best  practices  for  design ing  an  SSS programme.  

•  Focus  on  speci fi cations  for  system  level  performance  (as  opposed  to  component  
performance)  wherever possible.   

•  Keep the  requ i red  e lement l i s t  as  short  as  possible  for  s impl i ci ty and  clari ty  wh i le  sti l l  
provid ing  key i n formation  to  the  target  buyers  for the  SSS  programme.  
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•  Reach  ou t  to  the  people  who  use  SSS to  make  decis ions  and  ask thei r  opin ion  on  them.  

•  Use  g raph ics  to  convey key po in ts.  

1 0.2.3  Framework for  SSS gu idel ines  document  

1 0.2.3. 1  General  

The  key elements  of  a  gu idel ines  document for  an  SSS programme are:  

•  qual i fi cation  requ i rements,  that  i s ,  the  qual i ty  s tandards  that  shal l  be  met to  use  the  SSS;  

•  test  resu l t  requ i rements ,  i nclud ing  the  type  of  testi ng  requ i red  and  requ i rements  for  
updating  the  resu l ts  i n  the  SSS;  

•  s tyle  and  format  requ i rements  to  ensure  easy comparison  of  i n formation  across  SSS;  

•  reporting  precis ion  that  gu ides  the  l evel  of  round ing  that  i s  al l owed  from  measured  test  
resu l ts;  

•  resu l ts  veri fi cation  mechan isms  to  reduce  the  i ncidence  of  coun terfei t  SSS;  

•  requ i red  e lements  that  shal l  be  i n  every SSS;  

•  optional  e lements  that  may be  i ncluded  at  the  d iscreti on  of  the  manu factu rer or  thei r  proxy;  

•  an  example  of  the  style,  format,  and  con ten ts  i n  a  fu l l y  implemented  SSS.  

An  example  framework document  i s  i ncluded  i n  Annex C.  

1 0.2.3.2  Qual i fication  standards 

Th is  defines  i f  there  are  qual i fi cation  cri teria  for participati ng  i n  the  SSS  prog ramme  and  
general l y  references  a  product  speci fi cation  (see  C lause  5) .   

1 0.2.3.3  Test  resu l t  requ irements 

1 0.2.3.3.1  General  

Detai l s  on  the  test  resu l t  requ i rements  for i n formation  presen ted  i n  the  SSS.  The  detai l s  
shou ld  be  speci fi c  about  the  requ i rements  both  when  SSS are  ori g inal l y  made  and  when  they 
are  updated .   

1 0.2.3.3.2  Orig inal  testing  

Typical l y,  QTM  test  resu l ts  are  used  as  the  basi s  for  the  ori g inal  SSS of  a  parti cu lar product.  
I n  some cases  the  resu l ts  may come  from  other sources.  I t  i s  important  to  speci fy  how long  
resu l ts  are  val i d  before  retesting  i s  requ i red .  

1 0.2.3.3.3  Retesting  and  updates 

Th is  secti on  of  the  document  describes  the  test  requ i rements  for  several  s i tuations:  

•  fu l l  retesti ng  after  the  ori g inal  resu l ts  have  expi red;  

•  partial  retesti ng  when  the  product  i s  updated  and  the  to lerance  for  changes  i n  the  
speci fi cation  that  tri ggers  retesting ;  

•  partial  retesting  when  a  market  check i nd icates  there  are  d iscrepancies  between  the  SSS 
and  products  avai lable  i n  the  market.  

1 0.2.3.4  Style  and  format  

The  style  and  format  of  SSS i s  general l y  un i form  across  al l  the  SSS  in  a  particu lar programme 
to  make  them  usefu l  for  buyers  or  o ther  stakeholders  who  re l y  on  them  as  an  i n formation  
resource.   
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Style  and  formatti ng  gu idel ines  shou ld  general l y  speci fy  the  fo l lowing :  

•  character fon t  and  s ize;  

•  u se  of  co lour;  

•  g eneral  gu idel ines  for  language  and  style.  

The  style  and  format  gu idel i nes  are  typical l y  supplemented  by an  example  SSS.  

1 0.2.3.5  Reporting  precision  

Reporting  precis ion  gu idel ines  describe  the  process  to  round  quan ti tati ve  test  resu l ts  so  the  
i n formation  i n  each  e lement of  the  SSS  reflects  the  deg ree  of  s i gn i fi cance  for  test  resu l ts  and  
i s  easy to  read .  For example,  an  average  measurement  of  52,3  lm  across  several  samples  
m igh t  be  rounded  to  50  lm  for  p lacement  on  the  SSS.   

The  gu idel ines  shou ld  define  th ree  round ing  ru les  for  each  SSS  e lement  that  i s  covered .  

a)  Maximum  precis ion  of  reporting :  the  h i ghest  number of  s ign i fi can t  fi gu res  al lowed  i n  the  
d i splay on  the  SSS.  

b)  M in imum  precis ion  of  reporti ng :  the  fewest  number of  s i gn i fi can t  f i gu res  al lowed  i n  the  
d i splay on  the  SSS.  

c)  Maximum  ad justment before  add i tional  round ing :  i f  an  e lement  i s  go ing  to  be  d isplayed  
wi th  fewer s ign i fi can t  f i gu res  than  speci fied  i n  1 0 . 2 .3 .5  b) ,  the  maximum  percen tage  a  
measured  value  may be  ad justed  up  or  down  before  add i t ional  round ing .  Typical l y,  th is  i s  
a  very l ow number (e . g .  5  %) .  

d )  Al lowable  d i rection  for  add i ti onal  round ing :  i f  an  e lement  i s  go ing  to  be  d isplayed  wi th  
fewer s i gn i fi can t  f i gu res  than  speci fi ed  i n  1 0 .2 .3 .5  b) ,  th is  speci fi es  the  al l owable  d i rection  
for  add i t ional  round ing .  Often  th i s  i s  the  d i rection  towards  "worse"  performance  or  qual i ty.  

Table  21  l i s ts  several  e lements  that  m igh t  be  i ncluded  i n  a  SSS and  provides  recommended  
round ing  ru les  for  each .  A s im i lar  table  shou ld  be  i ncluded  i n  SSS  gu idel ines  documents.  

Table  21  – Recommended  precision  requ irements  for  metrics  on  a  continuous  scale   

Metric  Maximum  
precision  

of  
reporting  

M in imum  
precision  

of  
reporti ng  

Maximum  
ad justment  

before  
round ing  

Al l owable  
d i rection  for  
add i t ional  
round ing  

Example(s)  

Run  t i me   2  s . f .  1  s . f .  5  %  Down  4, 33  h    4 , 3  h  or  4  h  

36 , 6  h    37  h  or  30  h  

Li gh t  ou tpu t  ( lm )  2  s . f .  1  s . f .  5  %  Down  1 9 , 2  lm    1 9  lm  o r  20  lm   

Co l ou r  renderi ng  
(CRI )  (Ra)  

2  s . f .  2  s . f .  n /a  n /a  83 , 2    83   

Co l ou r temperatu re  
(CCT)  

(K)  

2  s . f .  2  s . f .  n /a  n /a  4  678  K   4  700  K  

L i gh t  d i s tri bu ti on  
(FWH M)  

2  s . f .  2  s . f .  n /a  n /a  87°  87°   

1 78°  1 80 °  

Battery  capaci ty  
(mAh )  

2  s . f .  2  s . f .  n /a  n /a  1  432  mAh    1  400  mAh  
or  1  000  mAh  

Other  i n form ati on  2  s . f .  1  s . f .  5  %  Vari es  n /a  

Key 

s. f.  s i g n i f i can t  f i g u res  

 

1 0.2.3.6  Resul ts  veri fication  

Describe  any featu res  of  the  SSS that  wi l l  faci l i tate  veri fi cation  of  the  con ten ts.  Th is  may be  
via  an  on l ine  check,  ho log rams,  or  any other securi ty  featu re.  
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1 0.2.3.7 Section  descriptions 

Each  section  i n  the  SSS  shou ld  i nclude  a  head ing  name  and  l i s t  the  requ i red  and  optional  
e lements  i n  the  section .  Each  e lement  shou ld  i nclude  a  description  of  wh ich  aspects  from  the  
test  resu l ts  are  referred  to  and  a  note  on  how to  format  the  i n formation .  I f  g raph ics  are  used ,  
a  general  format  shou ld  be  defined .   

1 0.2.3.8  Example  sheet  

An  i l l ustrative  example  standard ized  speci fi cation  sheet  i s  provided  below (Figure  8  and  
Fi gu re  9) .  
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Figure  8  – Fi rst  portion  of  example  SSS  

IEC  
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Figure  9  – Last  (second)  portion  of  example  SSS 

 

IEC  
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Annex A 
( in formative)  

 
Recommended  qual i ty standards for off-grid  l ighting  

market  support  programme qual i fication  
 

A.1  Overview 

The  example  qual i ty  s tandards  and  warran ty requ i rements  g iven  i n  Annex A are  appropriate  
for  qual i fi cati on  for  market  support  programmes  that  support  energy access  for  broad  sets  of  
end  users  wi th  l ow to  m idd le  i ncomes  who  are  off-g rid  i n  the  developing  world .   

The  target  end  users  are  typical l y  cash-poor and  wi l l  be  expected  to  purchase  qual i fying  
products  ou trigh t,  under f i nancing  terms  or  th rough  pay-as-you -go  (PAYG)  mechan isms.   

Annex A i s  a  bi - level  qual i fi cati on  document.  Meeting  on ly  the  qual i ty  s tandards  and  warran ty 
requ i rements  provides  access  to  basic  programme services  and  i ncen ti ves.  

The  aim  of  these  qual i ty s tandards  i s  to  protect  end  users  from  early  fai lu re  and  ensu re  that  
adverti sed  i n formation  i s  val id .  The  warran ty requ i rements  provide  a  basel i ne  of  support.  

NOTE  Annex  A  i s  mean t  to  be  an  i n formati ve  example,  wi th  a  s tructu re  and  set  o f  s tandards  and  performance  
cri teri a  based  on  experi ence  i n  a  part i cu l ar  con text.  I t  i s  expected  that  prog ram mes  that  referen ce  th i s  part  o f  
I EC  62257  wi l l  tai l or  a  product  speci fi cati on  to  meet  thei r  needs.  

A.2  Test  requ irements 

I n i t ial  qual i fi cation  under these  standards  requ i res  QTM  test  resu l ts  (Clause  6) .  On-going  
qual i fi cation  i s  subject  to  successfu l  market  checks  accord ing  to  the  market  check method  
(Clause  7) .  Renewal  testi ng  equ ivalen t  to  a  primary market  check test,  i s  requ i red  after  two  
years.   

A.3  Product  category requ i rements 

Annex A appl ies  to  f i xed  separate  ( i ndoor) ,  portable  separate,  portable  i n tegrated  and  f i xed  
i n tegrated  (ou tdoor)  products.  I t  i s  general l y  appl i cable  on ly  to  products  wi th  a  free  on  board  
(FOB)  wholesale  price  of  USD  1 00  or l ower.  

Qual i f i cation  as  a  "separate"  PV modu le  requ i res  meeting  the  cri teria  l i s ted  i n  Table  A. 1 .  

Table  A.1  – Qual i fication  as  separate PV module  

Cri terion  Aspect(s)  Requ i red  value  

PV modu l e  cabl e  
l eng th  

4 . 2 . 6 . 2  Cabl e  l eng th  ≥  3  m  to  qual i fy  as  a  "separate"  PV modu l e  wi th  1 0  %  
to l erance  

 

A.4 Qual i ty standards 

The  product  shal l  meet  each  of  the  cri teria  l i s ted  i n  Table  A. 2  and  Table  A.3  to  meet  the  
qual i ty  s tandards.  
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Table  A.2  – Truth-in-advertising  tolerance 

Truth -in -
adverti s ing  
cri terion  

Aspect(s)  considered  i n  
assessment  

Requ i rement  

System  
performance  
to l erance  – 
numeri c  rati n gs  

4 . 2 . 8  Performan ce  aspects  

4 . 2 . 9  Li gh t  ou tpu t  aspects  

Others ,  i f  appl i cabl e  

≤  1 5  % devi ati on  from  rati ngs  (always  ok i f  actu al  
performance  i s  better  th an  advert i sed ) .  

System  
compon en ts  
to l erance  – 
numeri c  rati n gs  

4 . 2 . 6  Sol ar  modu l e  aspects  

4 . 2 . 5  Battery performance  
aspects  

Others ,  i f  appl i cabl e  

≤  1 5  % devi ati on  from  rati ngs  (always  ok i f  actu al  
performance  i s  better  th an  advert i sed ) .  

Other  nu meri c  
rat i ngs  to l erance  

Mu l t i pl e  ≤  1 5  %  devi at i on  from  rati ngs  (always  ok i f  actu al  
performance  i s  better  th an  advert i sed ) .  

Overal l  tru th - i n -
adverti s i ng  
s tatement  

Mu l t i pl e  Any descri pti on  o f  the  produ ct  th at  appears  on  the  
packag i ng ,  i n s i de  th e  packag e,  and  i n  any o ther med i a  
sh ou l d  be  tru th fu l  and  accu rate .  N o  s tatements  sh ou l d  
m i s lead  buyers  or  en d  u sers  abou t  the  featu res  or  u t i l i ty  o f  
the  product.  

 

Table  A.3  – Safety and  durabi l i ty standards  (1  of 2)  

Safety or  
durabi l i ty 
cri terion  

Aspect(s)  considered  i n  
assessment  

Product  category Requ i rement  

Overal l  water  
exposu re  
pro tect i on   

4 . 2 . 3 . 1  Water pro tect i on  – 
encl osu re   

4 . 2 . 3 . 2  Water pro tect i on  – 
c i rcu i t  protecti on  an d  
d rai nage  

4 . 2 . 3 . 3  Water pro tect i on  – 
overal l  

4 . 2 . 1 1 . 1  Product  and  
manu factu rer  i n formati on  

4 . 2 . 2 . 7  Packag ing  an d  u ser’ s  
manu al  i n formati on  

Fi xed  separate  
( i ndoor)  

N o  protecti on  requ i red .  

Portabl e  separate  P rotecti on  from  occas ional  exposu re  
to  rai n .  

Portabl e  i n teg rated  Protecti on  from  frequen t  exposu re  to  
rai n .  

F i xed  i n teg rated  
(ou tdoor)  

Pro tecti on  from  permanen t  ou tdoor 
exposu re.  

External  PV 
modu l es  

Mod i f i ed  I Px4  or  c i rcu i t  protecti on  

Phys i cal  i ng ress  
pro tect i on  

4 . 2 . 3 . 5  Physi cal  i n g ress  
protect i on  

4 . 2 . 3 . 6  Physi cal  i n g ress  
protect i on  – so lar  modu l e  

Al l  except  bel ow M in im um  of  I P2x  protecti on .  

F i xed  i n teg rated  
(ou tdoor)  

M i n i mum  of  I P5x  pro tecti on  

External  PV 
modu l es  

M i n i mum  of  I P3x  protecti on  

Mechan ical  
du rabi l i ty  – d rop  
test  

4 . 2 . 3 . 7  Drop  res i s tance  Fi xed  separate  
( i n door)  and  f i xed  
i n teg rated  (ou tdoor)  

N one  resu l t  i n  safety hazards .  There  
i s  no  requ i rem en t  that  the  l i g h t i ng  
ki ts  are  s t i l l  fu ncti on al  after  a  d rop.   

Portabl e  separate  M axi mum  fai l u re  rate  for  fun ct i onal i ty  
i s  1 /6;  none  resu l t  i n  safety  h azards.   

Portabl e  i n teg rated  M axi mum  fai l u re  rate  for  fun ct i onal i ty  
i s  1 /6;  none  resu l t  i n  safety  h azards.   

Mechan ical  
du rabi l i ty  – 
goosen ecks  and  
movi ng  parts  

4 . 2 . 3 . 8  Gooseneck an d  
movi ng  part  du rabi l i ty  

Any wi th  g ooseneck 
or  movi ng  parts  

M axi mum  fai l u re  rate  fo r  functi onal i ty  
i s  1 /6;  none  resu l t  i n  safety  hazards .  
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Table  A.3  (2 of 2) 

Safety or  
durabi l i ty 
cri terion  

Aspect(s)  considered  i n  
assessment  

Product  category Requ i rement  

Mechan ical  
du rabi l i ty  – 
connectors  

4 . 2 . 3 . 9  Connector  du rabi l i ty  Al l  produ cts  Maxi mum  fai l u re  rate  for  fun ct i onal i ty  
i s  1 /6;  none  resu l t  i n  safety  h azards .  

Mechan ical  
du rabi l i ty  – 
swi tches  

4 . 2 . 3 . 1 0  Swi tch  du rabi l i ty  Al l  produ cts  Maxi mum  fai l u re  rate  for  fun ct i onal i ty  
i s  1 /6;  none  resu l t  i n  safety  h azards .  

Mechan ical  
du rabi l i ty  – 
s trai n  re l i e f  

4 . 2 . 3 . 1 1  Strai n  re l i e f  
du rabi l i ty  

Al l  produ cts  Maxi mum  fai l u re  rate  for  fun ct i onal i ty  
i s  1 /6;  none  resu l t  i n  safety  h azards .  

Workm ansh ip  4 . 2 . 3 . 1 2  Wi ri ng  qual i ty  Al l  produ cts  Maxi mum  preval ence  o f  bad  so l der  
j o i n ts  i s  1 /6  samples;  maximum  
preval ence  o f  poor  wi ri ng  i s  1 /6  
samples;  m aximum  preval ence  o f  
overal l  workman sh ip  fai l u re  i s  1 /6  

Battery  
du rabi l i ty  

4 . 2 . 3 . 1 3  Battery  protecti on  
s trateg y  

4 . 2 . 5 . 3  Battery  s torage  
du rabi l i ty  

4 . 2 . 1 1 . 1  P roduct  an d  
man u factu rer  i n formati on  

4 . 2 . 1 1 . 3  Th i rd -party  m arks  
and  certi f i cati on s  

Al l  produ cts  An  appropriate  battery  protecti on  
s trateg y i s  u sed  that  wi l l  protect  
batteri es  from  earl y  fai l u re  and  en d  
u sers  from  harm .  

Li th i um  batteri es  sh al l  add i t i onal l y  
carry  U N  38. 3  certi f i cati on  and  be  
protected  wi th  a  ce l l  bal anci ng  
c i rcu i t .  

Th e  battery  capaci ty  l oss  from  
s torage  i s  l ess  th an  25  %  for  the  
average  sample .  N o  more  than  1 /6  
samples  measures  l ess  th an  35  %.  

Lumen  
main tenance  

4 . 2 . 4. 2  2  000  h  l umen  
mai n tenance  

Al l  produ cts  L85  t i m e  i s  g reater  than  2  000  h  for  
th e  averag e  sample .  N o  more  than  
1 /6  samples  fai l s  (defi ned  as  be i n g  
more  than  1 0  % be l ow L85  at  
2  000  h ) .  

OR  

L95  t i m e  i s  g reater  than  1  000  h  for  
al l  6 /6  samples.  

F l uorescen t  l i g h t  
du rabi l i ty  

4 . 2 . 4 . 3  Fl uorescen t  l i g h t  
du rabi l i ty  

Products  wi th  
f l u orescen t  l i gh ts  

Maxi mum  fai l u re  rate  for  fu ncti on al i ty  
i s  1 /6.  

AC-DC  charger 
safety  

4 . 2 . 2  Product  des i gn ,  
man u factu re,  and  marketi ng  
aspects  

4 . 2 . 1 1 . 3  Th i rd -party  m arks  
and  certi f i cati ons  

Products  that  
i ncl ude  an  AC-DC  
g ri d  charger 

Any i ncl uded  AC-DC  ch arger  carri es  
approval  from  a  recogn i zed  
consumer e l ectron i cs  safety  
regu l ator,  such  as  UL  or  s i m i l ar.  

H azardous  
Substances  Ban  

4 . 2 . 2 . 4  Energ y s torage  
system  i n formati on  

4 . 2 . 2 . 6  Battery  g eneral  
aspects  

4 . 2 . 1 1 . 1  Product  and  
manu factu rer  i n formati on  

Al l  products  No  battery  i s  perm i tted  to  con tai n  
cadm i u m  or  mercu ry at  l evel s  g reater  
th an  trace  amoun ts.  

 

A.5 Warranty and  end  user support  requirements  

The  product  shal l  meet  each  of  the  cri teria  l i s ted  i n  Table  A.4  to  meet  the  warran ty 
requ i rements.  
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Table  A.4  – End  user support  requi rements  

Support  type  Aspect(s)  Requ i rement  

I n formati on  on  
product  des i gn ,  
u t i l i zat i on ,  an d  
care  

4 . 2 . 2 . 7  Packag ing  and  u ser’ s  
m anual  i n formati on  

 

For products  that  i ncl ude  charg i ng  ports ,  u ser  manual  shal l  
presen t  i n structi ons  for  i n stal l at i on ,  u se  an d  troubl eshooti ng  
o f  the  system.  I n s tal l at i on  i n s tru cti ons  sh al l  i ncl ude  
appropri ate  p l acement  and  i n stal l ati on  o f  the  PV modu l e .  A  
descri pti on  of  the  method  or path way for  replaci ng  
compon en ts ,  i ncl ud i n g  th e  battery,  as  we l l  as  speci f i cat i ons  
o f  componen ts  that  cou l d  requ i re  replacemen t  ( fu ses,  
batteri es ,  PV)  shal l  be  i ncl uded .  I ns tal l ati on  and  operati on  
i ns truct i ons  shou l d  be  presen ted  u s i ng  l ang uage  and  
g raph i cs  that  can  be  un derstood  by  the  typi cal  consu mer.  

Mai n tenance  
and  warran ty  
terms  

4. 2 . 2 . 8  Warran ty  i n form ati on   

4 . 2 . 1 1 . 2  Warran ty  coverage  

End  users  are  provi ded  at  l east  one  year  o f  warran ty  
coverage  from  the  po i n t  o f  pu rchase;  i t  shou ld  cover  
manu factu ri ng  defects  that  i mpede  operati on  under normal  
u se  an d  protecti on  from  earl y  com ponen t  fai l u re ,  i n cl ud i ng  
coverage  on  the  battery.  
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Annex B  
( in formative)  

 
Reserved  

 

Annex B  i s  reserved  as  a  placeholder.  
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Annex C 
( in formative)  

 
Recommended  SSS guidel ines 

C.1  General  

These  gu idel i nes  apply to  creating  SSS for  market  support  programmes.  The  goal  o f  the  SSS 
i s  to  provide  clear,  veri fiable,  and  accurate  i n formation  on  qual i ty  and  performance  to  
poten tial  buyers,  wi th  a  focus  on  d i stribu tors  and  bu lk purchasing  agen ts.   

C.2  Qual i fication  standards 

To  qual i fy  for  the  SSS  programme,  a  product  shal l  meet  the  qual i ty  s tandards  and  warran ty 
requ i rements  l i s ted  i n  Annex A.  

C.3  Test  resu l t  requirements 

C.3.1  Orig inal  testing  

QTM  test  resu l ts ,  obtained  i n  accordance  wi th  C lause  6,  are  requ i red  for  i n i t i al  SSS  
qual i f i cation  and  creation .  

C.3.2  Retesting  and  updates 

Table  C. 1  l i sts  the  requ i rements  for  retesti ng  to  update  SSS.  

Table  C.1  – Requ irements  for  retesting  to  update SSS 

Trigger  for  testing  Scope  of  testing  Test  requ i rements  Remarks  

Two  years  s i nce  previ ous  
QTM  or  M CM  testi ng  

An y e l ement  on  SSS  QTM  (Clause  6)  

MCM  (Clause  7)  

- -  

P roduct  update  wi th  
changes  o f  l ess  than  
±1 0  %  i n  performan ce  
aspects  

N one  requ i red  Se l f-decl arati on  al l owed  Performance  aspects  
i ncl ude  l i g h t  ou tpu t  and  
perform ance  aspects .  

Product  update  wi th  
changes  o f  m ore  th an  
±1 0  %  i n  performan ce  
aspects  

E l emen ts  that  are  
d i fferen t  

Aspects  re l ated  to  
e l emen t  that  i s  chan g i ng  
tested  accord i ng  to  MCM  
(Clause  7)  u s i ng  random ly 
procu red  samples  

- -  

Product  update  wi th  
changes  i n  qual i ty  or  
du rabi l i ty  aspects  

E l emen ts  that  are  
updated  

Aspects  re l ated  to  
e l emen t  that  i s  chang i ng  
tested  accord i ng  to  MCM  
(Clause  7)  u s i ng  randomly 
procu red  samples  

Qual i ty  aspects  i ncl u de  
water  pro tecti on ,  l u men  
mai n ten ance,  d rop  test,  
e tc.   

P roduct  update  wi th  new,  
non - l i g h t i ng  featu res  

E l emen ts  that  are  new Aspects  re l ated  to  
e l emen t  that  i s  chang i ng  
tested  accord i ng  to  MCM  
(Clause  7)  u s i ng  
man u factu rer-provi ded  
samples  

- -  

A  prog ramme- i n i t i ated  
market  check test  ( i n  
accordance  wi th  M CM  
(Clause  7)  i n d i cates  an  
i mprovemen t  i n  qual i ty  or  
perform ance)  

N one  requ i red  Accept  new resu l ts  - -  
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Trigger  for  testing  Scope  of  testing  Test  requ i rements  Remarks  

A prog ramme- i n i t i ated  
market  check test  ( i n  
accordance  wi th  M CM  
(Clause  7)  i n d i cates  a  
decl ine  i n  qual i ty  o r  
perform ance)  

An y e l ement  that  i s  
shown  to  decl i ne  

Aspects  re l ated  to  
e l emen t  that  i s  chan g i ng  
tested  accord i ng  to  MCM  
(Clause  7)  u s i ng  random ly 
procu red  samples  

Th i s  essen ti al l y  means  
th at  there  i s  a  chance  to  
prove  that  prog ramm e-
i n i t i ated  market  check 
resu l ts  were  an  anomal y  
i n  cases  where  th ey 
i nd i cate  a  reducti on  i n  
qu al i ty  or  performance.  

 

C.4 Style  and  format 

Fol lowing  are  the  style  gu idel i nes  for  SSS.  

a)  Dominan t  colou rs:  b lack and  wh i te.  

b)  Secondary co lours  shou ld  be  consisten t  and  harmon ized  (e . g .  on  g raphs) ;  the  base  colour 
may be  from  the  product  packag ing  or  corporate  brand ing  from  the  product  marketer.   

c)  Product  images:  co lou r image  on  a  wh i te  background.  

d )  Fon t:  Helveti ca;  1 2  pt  for  most  text,  1 6  pt  for  product  name on  head l i ne,  1 0  pt  for  notes  
and  g raph ics.  

e)  Language:  Eng l i sh  (optional  to  create  translations  i n  o ther  languages) .  

f)  Style:  wri te  i n  a  way that  i s  clear and  understandable  by a  broad  set  of  poten tial  readers.  

C.5  Reporting  precision  

The  qual i tati ve  parts  of  the  speci fi cation  sheet  (warranty,  manu facturer  name,  l i gh ti ng  type,  
etc. )  shou ld  always  be  accurate  and  updated .  

Quan ti tati ve  parts  of  the  speci fi cation  sheet  that  are  reported  on  a  con tinuous  scale  may be  
rounded  for ease  of  i n terpretation .  The  rounded  speci fi cation  shal l  be  reported  so  that  i t  
meets  the  precision  gu idel ines  presen ted  i n  Table  C.2.  The  gu idel ines  are  i n  terms  of  
s ign i fi can t  f i gures  of  reporti ng  (s . f. ) .  I f  one  i s  round ing  to  the  maximum  precis ion ,  the  round ing  
shou ld  be  accord ing  to  standard  conven tions  (≥  0 , 5  rounds  to  1 ;  <  0 , 5  rounds  to  0) .  
Al ternati vely,  i f  the  m in imum  precis ion  requ i rements  are  l ower than  the  maximum,  one  may 
round  fu rther ( to  fewer s ign i fi can t  f i gu res  than  the  maximum)  bu t  any fu rther round ing  shal l  be  
i n  the  "al lowable  d i rection "  as  defined  i n  the  table,  s tarting  from  the  orig inal  measured  value  
plus  or  m inus  the  percen tage  ad justment  that  i s  al lowed  before  add i ti onal  round ing  ( i . e .  the  
standard  round ing  conven tion  does  not  apply  i n  that  case) .   
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Table  C.2  – Recommended  precision  requ irements  for  metrics  on  a  continuous  scale 

Metri c  Maximum  
precision  of  
reporti ng  

M in imum  
precision  of  
reporting  

Maximum  
ad justment  

before  
round ing  

Al lowable  
d i rection  for  
add i t ional  
round ing  

Example(s)  

Ru n  t i me  (h )  2  s . f .  1  s . f .  5  %  Down  4, 33  h    4 , 3  h  or  4  h  

36 , 6  h    37  h  o r  30  h  

Li gh t  ou tpu t  ( lm )  2  s . f .  1  s . f .  5  %  Down  1 9 , 2  lm    1 9  lm  or  20  lm   

Co lou r  renderi ng  
(CRI )  (Ra)  

2  s . f .  2  s . f .  n /a  n /a  83 , 2    83   

Co l ou r temperatu re  
(CCT)  

(K)  

2  s . f .  2  s . f .  n /a  n /a  4  678  K   4  700  K  

L i gh t  d i s tri bu ti on  
(FWH M)  

2  s . f .  2  s . f .  n /a  n /a  87°    87°   

1 78°    1 80 °  

Battery  capaci ty  
(mAh )  

2  s . f .  2  s . f .  n /a  n /a  1  432  mAh    1  400  mAh  
or  1  000  mAh  

Other  i n form ati on  2  s . f .  1  s . f .  5  %  Vari es  n /a  

Key 

s. f.  s i g n i f i can t  f i g u res  

 

C.6 Resul ts  veri fication  

Each  SSS i ncludes  a  un ique  i n ternet  URL that  i s  d i rected  towards  a  web page.  I f  one  goes  to  
the  web  page,  i t  i s  possible  to  down load  a  veri fi ed  copy of  the  SSS to  ensu re  the  veraci ty  and  
val id i ty  of  SSS.  

C.7 Section  descriptions 

C.7.1  General  

Subclauses  C.7. 2  th rough  C.7. 1 1  shou ld  be  i ncluded  i n  the  SSS.  Each  section  shou ld  beg in  
wi th  a  g rey bar wi th  the  section  name i n  bold ,  b lack type.  The  e lements  i n  each  section  
shou ld  be  black type  on  a  wh i te  background  wi th  th in  g rey l i nes  separating  the  e lements.  

C.7.2  Header/overal l  performance 

C.7.2.1  General  

Th is  SSS  section  i ncludes  the  name of  the  product  i n  the  header area and  a  l i nk to  veri fy  the  
SSS.  The  header e lements  are  wh i te  text  on  a  black background .  

Below that  i s  a  description  of  the  overal l  performance  – brigh tness  and  run  t ime  – for  up  to  
two  setti ngs.  For  each  of  the  setti ngs  l i s ted ,  the  l umen  ou tpu t  and  hours  of  run  t ime  shou ld  be  
described  us ing  plain  l anguage  phrasing .  The  run  t ime  shou ld  be  "on  a  fu l l  battery charge"  for  
AC  charged  or  cen tral  charg ing  model  products,  "after one  day of  so lar charg ing "  for so lar-
charged  products  and  "after XX m inu tes/hours  of  cranking "  for  e lectromechan ical ly-charged  
products.  

Next  to  the  key performance  i nd icator  descripti on  i s  a  " thumbnai l "  image  of  the  product,  on ly 
i nclud ing  i tems  that  are  i ncluded  i n  the  package.   

I n  th is  SSS section ,  on ly  the  con ten t  i s  d i splayed  ( the  e lement  names  are  not  i nd icated) .  
Table  C. 3  l i sts  al l  o f  the  e lements  that  shou ld  be  i ncluded  i n  the  header area.  
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Table  C.3  – Elements  in  the  header/overal l  performance SSS section  

Element  Display 
type  

Optional  
or  

requ i red  

Aspect(s)  i nvol ved /  
orig in  of  

i n formation  

Remarks  

Product  nam e  Text  Requ i red  4 . 2 . 1 1 . 1  Product  and  
manu factu rer  
i n formati on  

The  product  name  shou ld  be  "complete"  
enoug h  to  d i fferen ti ate  i t  from  o ther s im i l ar  
products  i n  the  same  manu factu ri ng  l i n e.  

EXAMPLE  Sunsh i n e  Lamp 

Veri f i cat i on  
l i nk 

Text  Requ i red  Generated  by  SSS  
prog ramme  websi te  
devel oper 

Th i s  u n i que  l i nk shou l d  po i n t  to  a  webpage  
where  the  ori g i nal ,  u p- to-date  SSS  i s  
avai l abl e  for  veri f i cati on .  

EXAMPLE  www. example . org /sss/ 
sunsh i n e- l amp  

Expi rati on  
date  

Text  Requ i red  From  QTM  report  I nd i cate  a  date  two  years  after  th e  
com plet i on  o f  the  QTM  test  report  that  i s  
the  foun dati on  for  the  SSS.  

Resu l ts  
summary 
s tatement  

Text  Requ i red  4 . 2 . 8  Performance  
aspects  

4 . 2 . 8 . 3  Sol ar-day 
l i g h ti ng  run  t i me  

4 . 2 . 9 . 1  Average  
l um i nous  f l u x  ou tpu t  

Th i s  i s  the  text  that  descri bes  the  run  t ime  
and  l i gh t  ou tpu t  from  the  product,  
syn thesi zed  as  a  s i ng le  l i g h t i ng  servi ce  
n umber.  See  detai l s  on  cal cu lat i on  i n  
C . 7. 4.  

EXAMPLE  240  l umen -hou rs  per  day o f  
so l ar  ch arg i ng .   

Thum bnai l  
i mage  

I mage  Requ i red  Provi ded  d i rectl y  by 
manu factu rer  or  from  
4. 2 . 2 . 1 1  Other vi sual  
screen i n g  resu l ts .  

The  imag e  shou l d  show th e  product  
agai nst  a  wh i te  backg round .   

G raph i cal  
summary  

Graph i c  Requ i red  4 . 2 . 8  Performance  
aspects  

4 . 2 . 9 . 1  Average  
l um i nous  f l u x  ou tpu t  

4 . 2 . 9 . 3  Average  l i g h t  
d i s tri bu ti on  
characteri s ti cs  

Th i s  i s  a  g raph i cal  summary o f  th e  run  t i me  
and  bri g h tness  as  descri bed  i n  the  Resu l ts  
su mmary s tatemen t.  I t  a l so  i ncl udes  an  
i conog raph i c  su mmary o f  featu res  and  
qual i ty  s tandards  

 

C.7.2.2  Graphical  summary instructions 

The  g raph ical  summary shou ld  i nclude  two  e lements.  

•  G raph(s)  showing  the  run  time  and  l i gh t  ou tpu t  (or l i gh t  d i stribu ti on  characteri sti c  area)  for  
each  of  the  settings  that  are  detai l ed  i n  o ther sections.  

•  I cons  i nd icating  successfu l  passing  or  presence  of  the  fo l l owing  featu res:  

– overal l  workmansh ip  pass;  

– number of  ports  and  port  types;  

– mobi le  charg ing  feature;  

– number of  l i gh t  poin ts;  

– meeting  qual i ty  s tandard  for  a  parti cu lar prog ram;  

– opti onal  pay-as-you -go  (PAYG)  feature.  

C.7.3  General  in formation  

Table  C.4  l i sts  the  e lements  i n  the  general  i n formation  SSS  section .  
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Table  C.4  – Elements  in  the  general  i n formation  SSS section  

Element  Di splay 
type  

Optional  or  
requ i red  

Aspect(s)  i nvolved/  
ori g i n  of  i n formation  

Remarks  

Manu factu rer Text  Requ i red  4 . 2 . 1 1 . 1  Product  an d  
man u factu rer  
i n formati on  

Th e  name  o f  the  manu factu rer  or  
"o ff i ci al "  market i ng  f i rm  for  the  product.  

EXAMPLE  S i ri us  Li gh ti ng  Corporati on  

Product  name  Text  Requ i red  4 . 2 . 1 1 . 1  Product  an d  
manu factu rer  
i n formati on  

The  product  nam e  shou l d  be  "complete"  
enou gh  to  d i fferen t i ate  i t  from  other 
s im i l ar  products  i n  the  same  
manu factu ri ng  l i ne .  

EXAMPLE  Sun sh i ne  Lamp 

Model  number Text  Requ i red  4 . 2 . 1 1 . 1  Product  an d  
man u factu rer  
i n formati on  

Often  more  detai l ed  th an  the  product  
name;  may i ncl ude  vers i on  number.   

Con tact  Text  Requ i red  4 . 2 . 1 1 . 1  Product  an d  
man u factu rer  
i n formati on  

An  emai l  o r  phone  con tact  at  the  
manu factu rer   

Webs i te  Text  Opt i onal  4 . 2 . 1 1 . 1  Product  and  
manu factu rer  
i n formati on  

A  URL for  the  manu factu rer  web  page.  

Warran ty  Text  Requ i red  4 . 2 . 2 . 8  Warran ty  
i n formati on  

4 . 2 . 1 1 . 2  Warran ty  
coverage  

A  short  (≤  200  characters)  descri pti on  of  
the  warran ty  coverag e  that  h i gh l i g h ts  
the  du rati on  of  coverage;  th i s  shou l d  
match  wi th  the  detai l ed  i n formati on  
provi ded  to  consu mers  and  docum ented  
i n  4. 2 . 2 . 8  Warran ty i n formati on .  

 

C.7.4  Performance detai ls  

Table  C.5  l i sts  the  e lements  i n  the  performance  detai l s  SSS  section .  

Table  C.5  – Elements  in  the  performance detai ls  section  

Element  Display 
type  

Optional  or  
requ i red  

Aspect(s)  i nvolved /  
orig in  of  

i n formation  

Remarks  

Li gh ti ng  fu l l -
battery ru n  
t i me  

Text  Requ i red  4 . 2 . 8 . 5  Li gh ti ng  fu l l -
battery  run  t i me  

Speci fy  a  fu l l -battery  run  t ime  for  
each  sett i ng  i ncl uded  i n  any o ther  
part  o f  the  SSS.  The  g raph i cs  
i ncl ude  a  s tacked  hori zon tal  bar  
g raph  that  i nd i cates  run  t ime  at  
vari ous  sett i n gs  wi th  the  same  axi s  
as  other  run  t ime  g raphs.  

Run  t i me  per  
day o f  so l ar  
ch arg i ng  

Text  Requ i red  for  so l ar  
products  

4 . 2 . 8 . 3  Sol ar-day 
l i g h ti ng  run  t i me  

Speci fy  a  so lar  run  t i me  for  each  
sett i ng  i ncl uded  i n  any o ther  part  
o f  the  SSS.  The  g raph i cs  i ncl ude  a  
s tacked  hori zon tal  bar  g raph  that  
i nd i cates  ru n  t ime  at  vari ous  
sett i ng s  wi th  the  same  axi s  as  
o ther ru n  t i me  g raph s.  

Run  t i me  
after  cranki ng  
for  f i ve  
m i nu tes  

Text   Requ i red  for  
e l ectromechan ical l y-
charged  products  

4 . 2 . 8 . 7  
E l ectromechan i cal  
ch arge  rat i o  

4 . 2 . 8 . 5  Li gh t i ng  fu l l -
battery ru n  t i me  

Speci fy  an  e l ectromechan i cal  ru n  
t i me  for  each  sett i n g  i ncl uded  i n  
any o ther  part  o f  th e  SSS.   

L i gh t  ou tpu t  Text   Requ i red  4 . 2 . 9 . 1  Average  
l um i nous  f l u x  ou tpu t  

I ncl ude  for  each  sett i ng  

Task su rface  
bri gh tness  

Text   Opt i onal  4 . 2 . 9 . 3  Average  l i g h t  
d i s tri bu ti on  
characteri s ti cs  

I ncl ude  for  each  sett i ng  
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Element  Display 
type  

Optional  or  
requ i red  

Aspect(s)  i nvolved /  
orig in  of  

i n formation  

Remarks  

Total  l i g h t i ng  
servi ce  

Text  Requ i red  Syn thesi s  of  o ther  
e l emen ts  i n  
performance  detai l s  

For  so lar  products ,  equal s  the  
product  o f  so l ar-day l i g h ti n g  run  
t i me  and  l i g h t  ou tpu t.  

For  o ther products ,  equal s  the  
product  o f  l i g h ti ng  fu l l -battery  run  
t i me  and  l i g h t  ou tpu t.  

The  un i ts  are  l umen -hou rs/solar  
day or  l um en -hou rs/fu l l -ch arge.  

 

C.7.5  Light  output  

Table  C. 6  l i sts  the  e lements  i n  the  l i gh t  ou tpu t  SSS  section .  

Table  C.6  – Elements  in  the  l ight  output  SSS section  

Element  Display 
type  

Optional  or  
requ i red  

Aspect(s)  i nvolved /  
orig in  of  i n formation  

Remarks  

Lamp  type  Text  Requ i red  4 . 2 . 2 . 3  Li gh ti ng  system  
i n formati on  

I ncl ude  number an d  type  o f  l i gh t  
sou rces.  

Co l ou r  
ch aracteri s ti cs  

Text  Requ i red  4 . 2 . 9 . 4  Col ou r  
ch aracteri s ti cs  

I ncl ude  for  h i ghest  sett i ng ;  u se  
"s l i der"  g raph i cs  to  d i spl ay 

D i stri bu ti on  
category  

Text  Requ i red  4 . 2 . 9 . 2  Fu l l  wi d th  hal f  
maxi mum  (FWH M)  
ang l es  

P l ace  i n  category based  on  FWH M  
ang l e:  Narrow (<  1 5° ) ,  Wi de  
( 1 5°  to  270°) ,  Omn i  (>  270° )  

Lumen  
mai n tenance  

Text  Requ i red  4 . 2 . 4. 2  2  000  h  l umen  
mai n tenance  

I nd i cate  fracti on  o f  ori g i nal  l i gh t  
ou tpu t  remai n i ng  at  2  000  h  of  
operati on .  

 

C.7.6  Special  features  

Table  C. 7  l i sts  the  e lements  i n  the  special  featu res  SSS section .  

Table  C.7  – Elements  in  the  special  features  SSS section  

Element  Display 
type  

Optional  or  
requ i red  

Aspect(s)  i nvolved /  
orig in  of  i n formation  

Remarks  

Mobi l e  
charg i ng  

Text  Opt i onal  4 . 2 . 2 . 9  Au xi l i ary  
ou t l ets ,  ports  and  
adapters  i n formati on  

Speci fy  i f  a  mobi l e  charg i ng  featu re  i s  
avai l able  

Other featu res  Text  Opt i onal  4 . 2 . 2 . 9  Auxi l i ary  
ou t l ets ,  ports  and  
adapters  i n formati on  

Speci fy  o ther  featu res ,  such  as  h ou si n g  
materi al .  

 

C.7.7  Durabi l i ty 

Table  C. 8  l i sts  the  e lements  i n  the  durabi l i ty  SSS section .  
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Table  C.8  – Elements  in  the  durabi l i ty SSS section  

Element  Di splay 
type  

Optional  
or  requ i red  

Aspect(s)  i nvol ved /  
orig in  of  

i n formation  

Remarks  

Overal l  du rabi l i ty  
and  workmansh i p  

Text  Requ i red  Mu l t i pl e  I nd i cate  pass  wi th  g raph i c  i n d i cator  
(al l  products  shal l  pass  th i s  
requ i remen t  to  u se  the  SSS) .  

Water protecti on  Text  Requ i red  Water exposu re  
protect i on  as  def i ned  
i n  An nex  U :  phys i cal  
and  water  i ng ress  
protect i on  test  o r  
Annex V:  Level  o f  
water  protecti on  

Speci fy  the  overal l  l eve l  o f  water  
pro tecti on  and  th e  e l emen ts  o f  the  
product  that  con tri bu te  to  the  l eve l  o f  
pro tecti on  (enclosu re,  product  des i gn ,  
u ser i n formati on ) .  

Phys i cal  i ng ress  
protect i on  

Text   Requ i red  4 . 2 . 3 . 5  Physi cal  
i n g ress  protect i on  

I nd i cate  pass  or  fai l .  

Drop  test  Text   Requ i red  4 . 2 . 3 . 7  Drop  
resi s tance  

I nd i cate  pass  or  fai l  for  dam age,  
funct i onal i ty,  and  safety.  

Swi tches,  
connectors,  s trai n  
re l i e f,  and  
goosenecks/movin g  
parts  

Text   Requ i red  4 . 2 . 3 . 8  Gooseneck 
and  movi ng  part  
du rabi l i ty  

4 . 2 . 3 . 9  Connector  
du rabi l i ty  

4 . 2 . 3 . 1 0  Swi tch  
du rabi l i ty  

4 . 2 . 3 . 1 1  Strai n  re l i e f  
du rabi l i ty  

I nd i cate  pass  or  fa i l  for  damage,  
fun ct i onal i ty,  an d  safety.  

 

C.7.8  Solar module  detai ls  

Table  C. 9  l i sts  the  e lements  i n  the  solar  modu le  detai l s  SSS section .  

Table  C.9  – Elements  in  the  solar modu le  detai ls  SSS section  

Element  Di splay 
type  

Optional  or  
requ i red  

Aspect(s)  i nvol ved /  
orig in  of  i n formation  

Remarks  

PV modu l e  
type  

Text  Opti on al  4 . 2 . 2 . 2  Charg i ng  
system  i n formati on  

I nd i cate  PV chem istry  (e . g .  mono-Si ) .  

PV  maxi mum  
power 

Text  Opti onal  4 . 2 . 6 . 1  Sol ar  I -V  cu rve  
parameters  

Speci fy  the  PV power at  s tandard  test  
cond i t i ons  (STC) .  

 

C.7.9  Battery detai ls  

Table  C. 1 0  l i s ts  the  e lements  i n  the  battery detai l s  SSS section .  
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Table  C.1 0  – Elements  in  the  battery detai ls  SSS section  

Element  Display 
type  

Optional  or  
requ i red  

Aspect(s)  i nvolved /  
orig i n  of  i n formation  

Remarks  

Battery 
replaceabi l i ty  

Text  Requ i red  4 . 2 . 2 . 5  Battery easy 
repl aceabi l i ty  

E i ther  "easi l y  rep l aceable"  or  " requ i res  
special i zed  techn i ci an " .  

Battery 
chemistry  

Text   Requ i red  4 . 2 . 2 . 4  Energy 
s torage  system  
i n formati on  

I nd i cate  chem istry.  

Battery 
packag e  type  

Text  Requ i red  i f  
battery  i s  
eas i l y  
repl aceable,  
o therwi se  
opti on al  

4 . 2 . 2 . 6  Battery 
general  aspects   

I nd i cate  the  battery  package  type  
and/or  s i ze .  

Battery capaci ty  Text  Requ i red  4 . 2 . 5 . 1  Battery 
capaci ty  

I nd i cate  battery  capaci ty  from  battery 
test  (An nex  K) .  

Battery nom i n al  
vo l tag e  

Text  Requ i red  i f  
battery  i s  
easi l y  
repl aceable,  
o therwi se  
opti onal  

4 . 2 . 2 . 6  Battery  
g eneral  aspects  

4 . 2 . 5 . 4  Battery  
n om inal  vo l tage  

I nd i cate  the  nom i nal  vo l tage.  

Appropri ate  
battery  
protect i on  
s trateg y  

Text  Opt i onal  4 . 2 . 3 . 1 3  Battery  
pro tecti on  s trategy  

I nd i cate  "pass"  i f  battery  pro tecti on  i s  
appropri ate  ( th i s  i s  requ i red  to  u se  
SSS) .  

 

C.7.1 0  Marks  and  certi fications 

Table  C. 1 1  l i s ts  the  e lements  i n  the  marks  and  certi fi cations  SSS  section .  

Table  C.1 1  – Elements  in  the  marks  and  certi fications  SSS section  

Element  Display 
type  

Optional  or  
requ i red  

Aspect(s)  i nvolved /  
orig in  of  i n formation  

Remarks  

Factory 
certi f i cati on  

Text  Opti onal  4 . 2 . 1 1 . 3  Th i rd -party 
marks  and  
certi f i cati ons  

For  example  I SO 9001 .  

LED  / CFL  
certi f i cati on  

Text   Opti on al  4 . 2 . 1 1 . 3  Th i rd -party 
marks  and  
certi f i cat i ons  

For example  UV- free  LEDs.  

Safety  
certi f i cati on  

Text  Opti onal  4 . 2 . 1 1 . 3  Th i rd -party 
marks  and  
certi f i cati ons  

For  example  UL.  

Du rabi l i ty  
certi f i cati on  

Text  Opti onal  4 . 2 . 1 1 . 3  Th i rd -party 
marks  and  
certi f i cati ons  

For  example  UV-res i s tan t  p l asti cs  used .  

Other  
certi f i cati ons  

Text  Opti onal  4 . 2 . 1 1 . 3  Th i rd -party 
marks  and  
certi f i cati ons  

Al l owed  i f  they pertai n  to  the  part i cu l ar  
product  and  are  re l evan t  (e . g .  CE ,  
RoH S) .  

 

C.7.1 1  SSS information  

Table  C. 1 2  l i s ts  the  e lements  i n  the  SSS i n formation  section .  
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Table  C.1 2  – Elements  in  the  SSS in formation  section  

Element  Display 
type  

Optional  or  
requ i red  

Aspect(s)  i nvolved/  
ori g i n  of  i n formation  

Remarks  

Expi rati on  date  Text  Requ i red  From  QTM  report  I nd i cate  a  date  two  years  after  the  
complet i on  o f  the  QTM  test  report  that  i s  
the  fou ndati on  fo r  the  SSS.  

Revi s i on  Text  Requ i red  n /a  I nd i cate  an  i n tern al  SSS  revi s i on  
trackin g  n umber.  

 

C.8 Example sheet  

An  example  standard ized  speci fi cation  sheet  i s  provided  i n  Fi gu re  8  and  Figure  9 .  
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Annex D 
(normative)  

 
Manufacturer sel f-reported  information  

 

D.1  Background  

Having  proper manu factu rer  i n formation  i s  importan t  for  commun ication  th roughou t  the  testi ng  
process  as  wel l  as  for  understand ing  key product  i n formation  and  any certi f i cati ons  
possessed  by the  manu factu rer’s  lab  or  product.  To  th is  end ,  there  are  th ree  categories  of  
se l f- reported  i n formation :  manu factu rer i n formation ,  product  i n formation ,  and  manu factu rer  
se l f-certi f i cati on  regard ing  e i ther the  manu facturing  l ab  or  product.  

D.2  Outcomes 

The  manu factu rer se l f-reported  i n formation  ou tcomes  are  l i sted  i n  Table  D . 1 .  

Table  D.1  – Manufacturer sel f-reported  information  outcomes 

Metric  Reporting  un i ts  Related   
aspects  

Notes  

Manu factu rer  i n formati on  Vari ed  4 . 2 . 1 1 . 1  Product  and  
man u factu rer  i n formati on  

Record  al l  provi ded  manu factu rer  
i n formati on  

Product  i n formati on  Vari ed  4 . 2 . 1 1 . 1  Product  and  
man u factu rer  i n formati on  

Record  al l  provi ded  product  
i n formati on  

Se l f-cert i f i cati on  
i n formati on  

Vari ed  4 . 2 . 1 1 . 3  Th i rd -party  
marks  and  certi f i cati ons  

Record  al l  manu factu rer  or  
produ ct  certi f i cat i ons  

 

D.3  Sol ici ted  information  

D.3.1  General  

At a m in imum,  the  i n formation  con tained  i n  D .3 . 2  and  D .3 . 3  shou ld  be  sol i ci ted  from  the  
manu facturer.  

D.3.2  Confidential  in formation  (not  released  publ icly)  

D.3.2.1  Manufacturer information  

The  fo l lowing  con fiden tial  manu factu rer  i n formation  shou ld  be  so l i ci ted :  

a)  manu factu rer company name;  

b)  con tact  person  name;  

c)  con tact  person  posi t ion  at  company ( i . e.  j ob  t i t le) ;  

d )  manu factu rer company physical  address;  

e)  con tact  te lephone  number(s) ;  

f)  con tact  fax  number;  

g )  con tact  e-mai l  address.  

I f  separate  people  manage  con tracting  i ssues  and  techn ical  testi ng  questions,  request  con tact  
i n formation  for both  parties.  
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D.3.2.2  Product  information  

The  fo l lowing  con fiden tial  product  i n formation  shou ld  be  sol i ci ted :  

a)  markets  i n  wh ich  the  product  i s  for  sale  (e. g . ,  Kenya,  I nd ia,  Ch ina) ;  

b)  free  on  board  (FOB)  product  price  for  at  l east  1  000  un i ts  ($) ;  

c)  typical  product  sh ipping  poin t  o f  ori g in ;  

d )  product  dri ver type  (e. g . ,  res istor,  pu lse-wid th  modu lation ) ;  

e)  battery protection  methods  ( i . e . ,  deep d i scharge  protection  and/or overcharge  protection ) ;  

f)  l i s t  o f  battery charge  con trol  methods;  

g )  description  of  deep  d ischarge  charge  con trol ,  i nclud ing  the  l ow vo l tage  d isconnect  
th reshold ;  

h )  description  of  overcharge  protection  charge  con tro l ,  i nclud ing  the  overcharge  protection  
d isconnect  vo l tage;  

i )  battery i n formation  sheet  from  battery manu facturer,  preferably  showing  acceptable  deep  
d ischarge  protecti on  and  overcharge  protection  cu toffs  at  a  m in imum;  

j )  whether the  battery con tains  i n ternal  protection  ci rcu i try;  

k)  description  of  special  testi ng  considerations,  such  as  any characteristi cs  that  wou ld  
impede  the  testing  process.  Characteristics  i nclude:  an  au to-off  function  that  tu rns  the  
l i gh t  o ff  after a  speci fi c  number of  hou rs  of  operati on ,  the  product  d isables  i f  the  enclosure  
i s  opened;  the  product  connects  to  a  wi re less  network;  the  product  i s  tamperproof;  

l )  expected/rated  performance,  i nclud ing :  

1 )  name,  l i gh t  ou tpu t,  fu l l  battery run  time,  and  so lar run  t ime  for each  setting ;  

2)  bri gh tness  setti ng  speci fi cations,  i f  publ i cly  adverti sed  or  provided  to  the  l aboratory by 
the  manu facturer;  

3 )  rated  performance  of  any auxi l iary  appl iances  i ncluded  wi th  the  product.  

m )  the  names  of  the  settings  the  manu factu rer  wou ld  wish  to  be  tested .  

D.3.3  Publ ic  in formation  (may be  released  publ icly)  

D.3.3.1  Manufacturer information  

The  fo l l owing  publ i c  manu factu rer i n formation  shou ld  be  sol i ci ted :  

a)  offi cial  customer facing /brand  name;  

b)  manu factu rer company physical  address;  

c)  con tact  person  name;  

d )  con tact  person  posi ti on  at  company ( i . e .  j ob  t i t le) ;  

e)  con tact  te lephone  number;  

f)  con tact  fax  number;  

g )  con tact  e-mai l  address;  

h )  manu factu rer company websi te.  

D.3.3.2  Product  i nformation  

The  fo l l owing  publ i c  product  i n formation  shou ld  be  so l i ci ted :  

a)  product  name;  

b)  product  model  number;  

c)  al l  product  l i gh ting  technolog ies  used  (e . g .  f l uorescen t  tube,  LED) .  I f  the  product  uses  
LEDs,  are  the  LEDs  h igh -power or  l ow-power?  
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d )  battery chemistry  (SLA,  N iMH ,  etc. ) ;  

e)  battery package  type;  

f)  battery nom inal  vol tage  (V) ;  

g )  battery capaci ty (mAh) ;  

h )  charge/d ischarge  rate  at  wh ich  the  battery capaci ty  i s  speci fied ;  

i )  al l  product  charg ing  system  types  (e . g .  solar modu le,  AC  power,  dynamo) :  

1 )  i f  the  product  has  AC  power charg ing ,  i s  an  adapter i ncluded?  

2)  i f  the  product  has  solar  charg ing ,  what  acti ve  material  i s  used  i n  the  PV modu le  (e . g . ,  
mono-Si ,  po ly-Si ,  C IS,  etc. ) ?  

j )  al l  i ncl uded  product  featu res  (e . g .  mobi le  phone  charg ing ,  rad io) ;  

k)  i f  the  product  has  mobi le  phone  charg ing ,  are  adapters  i ncluded?  

l )  al l  optional  product  featu res  (e . g .  mobi le  phone  charg ing ,  rad io) ;  

m )  description  of  product  warranty terms,  i nclud ing  du ration ;  

n )  con fi rmation  of  AC-DC charger approval  from  a recogn ized  consumer e lectron ics  safety  
regu lator,  such  as  UL ( i f  product  i ncludes  an  AC-DC charger) ;  

o )  h igh  resolu tion  product  photog raph  on  a  wh i te  or transparent  background .  

D.3.3.3  Manufacturer  certi fications 

These  certi fi cations  shou ld  be  accompan ied  wi th  supporti ng  documentation ,  such  as  copies  of  
the  ori g inal  certi fi cations,  l etters  from  an  appropriate  organ izati on ,  or  se l f-certi f i cation .   

a)  Al l  manu factu rer company certi fi cations  and  markings  (e . g .  I SO 9000,  UL,  CE) .  

b)  Al l  product  certi fi cations  and  markings  (e . g .  UV-resistan t  plastic,  UV-free  LEDs,  h igh -
temperatu re  batteries) .  

c)  Al l  componen t- l evel  certi fi cations  and  markings  (e. g .  I EC  621 33  for  battery safety) .  

D.4 Reporting  

Report  the  fo l lowing  i n  the  product  manu factu rer se l f-reported  i n formation  report.  

•  Metadata:  

– report  name;  

– product  manu facturer;  

– product  name;  

– product  model  number;  

– name of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Con fiden tial  i n formation :  

– manu factu rer company name;  

– con tact  person  name;  

– con tact  person  posi t ion  at  company;  

– manu factu rer company physical  address;  

– con tact  te lephone  number;  

– con tact  fax number;  

– con tact  e-mai l ;  

– product  markets;  
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– product  FOB price  ($) ;  

– product  sh ipping  po in t  of  ori g i n ;  

– product  dri ver type;  

– product  charge  con tro l  methods  and  descriptions;  

– battery i n formation  sheet  from  battery manu factu rer;  

– s tatement  whether battery con tains  i n ternal  protection  ci rcu i try;  

– description  of  special  testi ng  considerations;  

– expected/rated  performance  for  each  setting ;  

– names  of  the  setti ngs  the  manu factu rer wou ld  wish  to  be  tested .  

•  Publ i c  i n formation :  

– offi cial  customer facing /brand  nam;  

– manu factu rer company physical  address;  

– con tact  person  name;  

– con tact  person  posi t ion  at  company;  

– con tact  te lephone  number;  

– con tact  fax  number;  

– con tact  e-mai l ;  

– manu factu rer company websi te;  

– product  name;  

– product  model  number;  

– product  l i gh ti ng  technolog ies;  

– product  battery chemistry;  

– product  battery package  type;  

– product  battery nominal  vo l tage  (V) ;  

– product  battery capaci ty  (mAh) ;  

– charge/d ischarge  rate  at  wh ich  the  battery capaci ty  i s  speci fied ;  

– product  charg ing  systems;  

– i ncluded  product  features;  

– opti onal  product  featu res;  

– description  of  product  warran ty terms;  

– con fi rmation  of  AC-DC charger approval ;  

– h igh  resolu tion  product  photog raph  on  a  wh i te  or transparen t  background;  

– manu factu rer company certi fi cations;  

– product  certi f i cations;  

– componen t  certi f i cations.  
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Annex E  
(normative)  

 
Product  sampl ing  

 

E.1  Background  

Proper product  sampl ing  i s  the  fi rst  step  i n  the  testi ng  process,  and  i t  i s  cri t i cal  to  main tain ing  
the  test  method ’s  fai rness  and  cred ibi l i ty.  

E.2  Test  outcomes 

The  product  sampl ing  ou tcomes  are  l i s ted  i n  Table  E . 1 .  

Table  E. 1  – Product  sampl ing  outcomes 

Metric  Reporting  un i ts  Related  aspects  Remarks  

Sample  type  Retai l /warehouse  n /a  - -  

Sample  procu remen t  
agency 

Ag ency nam e  n /a The  th i rd -party  agen cy that  
procu res  the  sam ples  

Sample  procu remen t  
agen t  

N ame  n /a The  nam e  of  the  person  who  
procu res  the  sam ples  

Sample  procu remen t  
date  

Date  n /a  - -  

Sample  procu remen t  
address(es)  

Address(es)  n /a  - -  

Sample  sh i ppi ng  date  Date  n /a  The  date  the  samples  are  sh i pped  
to  the  test  l ab(s)  from  the  th i rd -
party  sampl i ng  agency 

Test  l ab(s)  Test  l ab  n ame(s)  n /a  - -  

Test  l ab  address(es)  Address(es)  n /a  - -  

Sample  de l i very 
date(s)  

Date(s)  n /a  The  date  the  samples  are  rece i ved  
by the  test  l ab(s)  

 

E.3  Related  tests 

Testi ng  i s  pred icated  upon  the  product  samples  al ready being  procured ,  sh ipped,  and  
received  at  the  test  lab(s) .  

E.4 Procedure 

E.4.1  Retai l  sampl ing  

E.4.1 . 1  General  

For retai l  sampl ing ,  th i rd-party agen ts  wi l l  procure  product  samples  from  a  variety  of  retai l  
ou tlets  i n  the  market.  

E.4.1 .2  Equ ipment  requ irements  

No  equ ipment  i s  requ i red  for  retai l  sampl ing .  
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E.4.1 .3  Test  prerequ isi tes  

Samples  shal l  be  procured  from  a  geograph ical l y-d iverse  set  of  retai l  ou tlets.  Retai l  ou tlets  
i nclude  both  vendors  or retai l  shops  where  end  users  may d i rectl y  pu rchase  products,  and  
l ocal  or  reg ional  d i stribu tors.  

E.4.1 .4  Apparatus  

No apparatus  i s  requ i red  for  retai l  sampl ing .  

E.4.1 .5  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  The  th i rd  party  sampl ing  agency i den ti f ies  a  speci fied  number of  retai l  ou tlets  i n  the  
market  from  various  geograph ic  l ocations.   

b)  The  sampl ing  agency selects  a  subset  of  the  retai l  ou tlets  to  procu re  samples  from,  
ensuring  that  the  subset  of  retai l  ou tlets  i s  geog raph ical l y  d i verse  (e . g .  each  retai l  ou tlet  i s  
i n  a  d i fferen t  ci ty  and/or  coun try  than  the  rest  of  the  subset) .  

c)  The  sampl ing  agency procures  the  product  samples  from  the  various  retai l  ou tlets,  
ensuring  that  no  more  than  40  % of  the  overal l  number of  procured  samples  comes  from  
any s i ng le  retai l  ou tl et.  

d )  The  date,  l ocations,  sampl i ng  agent,  and  number of  samples  procured  from  each  location  
shou ld  be  documented  by the  sampl ing  agency.  

e)  The  sampl ing  agency sh ips  the  products  to  one  or more  test  l abs  and  reports  the  sh ipment 
tracking  number(s) ,  when  avai lable.  

f)  Once  received  at  the  test  lab(s) ,  the  date(s)  of  reception ,  test  l ab  name(s) ,  and  test  lab  
l ocation(s)  shou ld  be  documented .  

E.4.1 .6  Calcu lations   

There  are  no  calcu lations  for  retai l  sampl ing .  

E.4.2  Warehouse sampl ing  

E.4.2. 1  General  

For warehouse  sampl ing ,  th i rd-party  agents  wi l l  procure  samples  from  a  warehouse,  
d i stribu torsh ip,  factory,  or  o ther  bu lk storage  l ocation .  

E.4.2.2  Equ ipment  requ irements 

No equ ipment  i s  requ i red  for  warehouse  sampl ing .  

E.4.2.3  Test  prerequ isi tes  

The  sampl ing  l ocati on  shou ld  be  the  main  bu lk storage  l ocation  i n  the  reg ion ,  and  there  shal l  
be  enough  products  avai lable  that  the  procured  samples  accoun t  for  no  more  than  3 ,5  % of  
the  total  product  stock.  Fu rthermore,  the  sampl ing  agen t  shal l  be  able  to  sample  from  the  bu lk 
storage  l ocation ’s  en ti re  stock.  

E.4.2.4  Apparatus  

No apparatus  i s  requ i red  for  warehouse  sampl ing .  

E.4.2.5  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  
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a)  At  l east  24  h  before  the  sampl ing  takes  place,  the  sampl ing  agency shal l  make  con tact  
(via  emai l  or  te lephone)  wi th  representatives  at  the  sampl ing  location  to  provide  proper 
noti ce  and  ensure  that  the  number of  samples  procured  wi l l  not  exceed  3 ,5  % of  the  
sampl ing  location ’s  total  product  stock.  

b)  The  sampl ing  agency randomly procures  the  product  samples  from  the  en ti re  bu lk storage  
l ocation ’s  stock ( i . e .  the  en ti re  product  stock shal l  be  avai lable  to  sample  from) .  

c)  The  date,  l ocation ,  sampl i ng  agen t,  and  number of  samples  procured  shou ld  be  
documented  by the  sampl ing  agency.  

d )  The  sampl ing  agency sh ips  the  products  to  one  or more  test  l abs  and  reports  the  sh ipment 
tracking  number(s) ,  when  avai lable.  

e)  Once  received  at  the  test  lab(s) ,  the  date(s)  o f  reception ,  test  l ab  name(s) ,  and  test  lab  
l ocation(s)  shou ld  be  documented .  

E.4.2.6  Calcu lations   

There  are  no  calcu lati ons  for  warehouse  sampl i ng .  

E.5  Reporting  

Report  the  fo l lowing  i n  the  product  sampl ing  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– product  manu facturer;  

– product  name;  

– product  model  number;  

– name of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Sampl i ng  i nstructions  

•  Sampl i ng  and  sh ipping  i n formation :  

– name of  sampl i ng  agency;  

– name(s)  o f  sampl ing  agen t(s) ;  

– sampl ing  l ocation  name(s) ,  address(es) ,  and  description(s) ;  

– number of  samples  procured  (at  each  l ocation) ;  

– name  of  sh ipping  agency;  

– sh ipment  tracking  number(s) ;  

– date  samples  are  sh ipped  to  test  l ab(s) ;  

– date  samples  are  received  at  test  lab(s) .  
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Annex F 
(normative)  

 
Visual  screening  

 

F.1  Background  

The  vi sual  screen ing  process  covers  DUT speci fi cati ons,  properti es  (such  as  external  DUT 
measurements) ,  functional i ty,  observations,  and  i n ternal /external  construction  qual i ty.   

The  DUT’s  components,  materials ,  and  u ti l i t i es  are  categorized  and ,  i n  some  cases,  evaluated .  
The  vi sual  screen ing  test  provides  a thorough  qual i tati ve  and  quan ti tati ve  assessment  of  the  
DUT as  received  from  the  manu factu rer and  serves  to  un iquely  i den ti fy  a  DUT.  The  DUT’s  
operati on  ou t  o f  the  packag ing  i s  documented  before  any mod i fi cati ons  are  made  for  
subsequen t  tests.  

F.2  Test  outcomes 

The  test  ou tcomes  of  the  visual  screen ing  process  are  l i s ted  i n  Table  F. 1 .  

Table  F.1  – Visual  screening  test  outcomes 

Metric  Reporting  un i ts  Related  aspects  Remarks  

DUT speci fi cati ons  Vari ed  4 . 2 . 2  Product  des i gn ,  
man u factu re,  and  
marketi ng  aspects  

Record  al l  provi ded  speci fi cati ons  

DUT i n formati on  Vari ed  4 . 2 . 2  Product  des i gn ,  
man u factu re,  and  
marketi ng  aspects  

4 . 2 . 1 1 . 1  P roduct  and  
man u factu rer  
i n form ati on  

Record  d imens ion s  and  qual i tat i ve  
descri ptors  

I n tern al  DU T 
i nspecti on  

Vari ed  4 . 2 . 3  P roduct  du rabi l i ty  
and  workmansh i p  
aspects  

Descri be/documen t  wi ri ng  and  e l ectron i cs  
f i xtu res  

I n tern al  DU T 
i nspecti on  

Number  of  
defects  

4 . 2 . 3  Product  du rabi l i ty  
and  workmansh ip  
aspects  

Record  the  n umber o f  so l deri ng  an d/or  
e l ectron i cs  qu al i ty  defects  

 

F.3  Related  tests 

Annex F  i s  not  re lated  to  any of  the  other annexes.  

F.4 Procedure 

F.4.1  Properties,  features,  and  information  

F.4.1 .1  General  

Relevan t  DUT i n formation ,  such  as  external  DUT measurements  and  observations,  are  
recorded  to  captu re  the  DUT’s  characteristics.  Su ffi cien t  comments  shou ld  be  provided  to  
thorough ly  describe  the  DUT’s  characteristics.  Th is  part  o f  the  procedure  may be  completed  
on  a  s i ng le  sample.   
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F.4.1 .2  Equ ipment  requ irements 

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Cal l i pers  and/or  ru ler.   

•  Balance  (scale) .  

•  Brigh t  task l i gh t  wi th  good  colour  rendering .   

•  Camera.  

F.4.1 .3  Test  prerequisi tes 

The  DUT shou ld  be  new,  unal tered ,  and  i n  i ts  ori g inal  packag ing .  Read  the  DUT’s  box and  
documentation  for  i nstructions  on  us ing  the  DUT.  Consu l t  the  manu factu rer for  m iss ing  
i n formation  pertain ing  to  the  requ i red  observations.  

F.4.1 .4  Apparatus 

The  DUT may be  posi ti oned  under a  bri gh t  task l i gh t  i n  the  examination ,  i f  necessary.   

F.4.1 .5  Procedure 

The  fo l lowing  steps  shal l  be  fo l lowed.  Al l  photographs  or  scans  of  packag ing ,  documents  (e . g . ,  
user’s  manual  and  warran ty card) ,  and  labels  shal l  be  of  su ffi cien t  qual i ty  that  al l  text  i s  
l eg ible  (un less  i l l eg ible  i n  the  orig inal  document)  and  al l  d iag rams,  i cons,  and  other images  
are  clearl y  reproduced.  Al l  photographs  of  DUT components  shal l  be  of  su ffi cien t  qual i ty  that  
al l  re levan t  text  i s  l eg ible  (un less  i l l eg ible  on  the  i tem  being  photographed)  and  al l  re levan t  
i cons  and  images  are  clearl y  reproduced .  

a)  Provide  the  fo l lowing .  

1 )  Note  al l  avai lable  manu factu rer con tact  i n formation  (e . g .  name,  address,  phone  
number,  emai l ,  websi te,  etc. ) .  

2 )  Photograph  or  scan  al l  s i des  of  the  DUT’s  retai l  box and  describe  the  box’s  qual i ty,  i f  
avai lable.  

3 )  Note  i f  a  user’s  manual  i s  i ncluded  wi th  the  DUT.  I f  so ,  report  the  type  of  manual  i t  i s  
(e. g  booklet,  sheet,  etc. ) ,  report  the  language(s)  i n  wh ich  i t  i s  wri tten ,  and  
photograph  or scan  each  page.  

4)  I f  a  warran ty i s  avai lable  for the  DUT,  record  the  warran ty du ration ,  i n  mon ths,  
describe  the  terms  and  cond i ti ons,  and  photograph  or scan  the  warranty material .  
Note  i f  there  are  separate  warranty du rations  for  the  battery and  i ncluded  appl iances.  

5)  Photograph  or scan  any other  documents  i ncluded  wi th  the  DUT.  

6)  Note  and  describe  any i nstructions  for  proper d isposal  o f  the  battery and/or product.  

7)  Note  and  describe  any i nstructions  for  replacement  of  the  battery.  

8)  Note  and  describe  any i nstructi ons  for obtain ing  service  or  replacement  parts  i n  case  
of  a  problem  wi th  the  product.  

9)  Note  and  describe  any label l i ng  of  hazards.  

1 0)  Note  and  describe  any i nstructions  for  ensuring  the  PV modu le  i s  not  shaded .  

1 1 )  Note  and  describe  any i nstructi ons  on  how to  connect  the  PV modu le  to  the  product’s  
main  un i t  for  charg ing .  

1 2)  Note  and  describe  any i nstructions  on  facing  the  PV modu le  su rface  towards  the  sun .  

1 3)  Note  and  describe  any requ i red  pre-use  i nstructions  du ring  i nstal lation  (e . g .  charg ing  
the  battery fu l l y,  i nserti ng  a  suppl ied  fuse) .  

1 4)  Note  and  describe  any i nstructions  on  how to  make  requ i red  permanent  connections  
du ring  i nstal lation .  

1 5)  Note  and  describe  any i nstructions  on  how to  connect  adverti sed  appl iances.  
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1 6)  Note  and  describe  any i nstructions  on  the  battery’s  state  of  charge.  

1 7)  Note  and  describe  any speci fi cations  for  product  componen ts  that  cou ld  requ i re  
replacement (e . g .  fuses,  l i gh ts,  PV modu le,  batteries) .  

1 8)  Note  and  describe  any i nstructions  on  keeping  the  PV modu le  su rface  clean .  

1 9)  Note  and  describe  any i nstructions  to  not  d i ng  the  PV modu le  from  the  backside.  

20)  Note  and  describe  any i nstructions  to  not  carry the  PV modu le  by i ts  cable.  

21 )  Note  and  describe  any i nstructi ons  on  preven ting  the  PV modu le  from  cracking  
during  hand l i ng .  

22)  Note  and  describe  any i nstructions  to  keep the  product  away from  fi re.  

23)  Note  and  describe  any i nstructions  on  how to  i nstal l  the  product  securely.  

24)  Note  and  describe  any i nstructi ons  on  the  product’s  g raph ical  d i splay,  i f  a  d i splay i s  
i ncluded.  

25)  Note  and  describe  any i nstructions  to  not  drop  the  product.  

26)  Note  and  describe  any i nstructions  to  not  cu t  or  heat  the  product’s  cables.  

27)  Note  and  describe  any i nstructions  to  avoid  keeping  the  battery at  a  l ow state  of  
charge  for  l ong  periods  of  t ime.  

28)  Note  and  describe  any i nstructions  on  replacing  product  components  that  cou ld  
requ i re  replacement  (e . g .  fuses,  l i gh ts,  PV,  batteries) .  

29)  Note  and  describe  any i nstructi ons  to  fu l l y  charge  the  batteries  before  l ong - term  
storage  of  the  product.  

b)  Measure  the  fo l l owing  ( i n  the  speci fied  un i ts)  wi thou t  d i sassembl i ng  the  DUT.  

1 )  Measure  the  DUT’s  mass,  i n  g rams  (g ) ,  as  i t  wou ld  typical l y  be  used  i n  a  l i gh ti ng  
appl i cation  (not  i nclud ing  any external  so lar  modu les  or mobi le  phone  charg ing  
connectors)  and  i nd icate  the  speci fi c  componen ts  i ncluded  i n  mass  measurement.  

2 )  Measure  any i ncluded  appl iances’  mass,  i n  g rams  (g ) .  

3 )  Measure  and  describe  the  leng th ,  i n  metres  (m) ,  o f  any cables  connecting  the  con tro l  
box to  the  batteries,  the  con tro l  box to  the  l amp un i ts  or the  con trol  box to  any 
i ncluded  appl iances.  

4)  Measure  the  l eng th ,  wid th ,  and  heigh t,  i n  cen timetres  (cm) ,  o f  the  DUT,  l amp un i t(s)  
and  any add i ti onal  i ncluded  appl iances,  components  or  i n terconnected  parts,  
separately.  Do  not  i nclude  d imensions  of  an  external  PV modu le  or  any mobi le  phone  
charg ing  accessories.  

c)  Observe  the  fo l lowing  (consu l t  the  documentation  for  any explanations;  see  4. 1 . 3  for  
detai l s  on  the  term inology used  i n  the  fo l lowing  steps) .  

1 )  Note  i f  any cables  wi l l  be  predominantly  used  ou tdoors.  Note  i f  certi f i cation  
documentation  has  been  provided  for  these  cables  i nd icating  they are  su i table  for  
ou tdoor use.  

2 )  Note  the  DUT’s  total  number of  un ique  l i gh ti ng  un i ts ,  i nd icate  the  technology used  i n  
each  (LED,  f l uorescent,  i ncandescent,  etc. ) ,  and  provide  a  description  and  
photographs  of  each .  

3 )  Note  the  number of  l i gh t  poin ts  i n  each  l i gh ti ng  un i t.  

4)  Note  the  number of  arrays  con tained  i n  each  l i gh t  poin t  (e. g .  a  g roup of  LEDs  that  
functi on  as  a  s i ng le  un i t  i s  an  array) .  

EXAMPLE  I f  a  l amp  un i t  con tai ns  1 0  LEDs,  and  5  LEDs  i l l um i nate  fo r one  DU T sett i ng ,  and  al l  1 0  LEDs  i l l um i nate  
for  the  DUT’s  on l y  o ther  sett i ng ,  th i s  l am p un i t  con tai ns  two  arrays  (5-LED  and  1 0-LED) .  

5)  Note  the  number of  i ndependent  l i gh t  sources  ( i . e .  the  total  number of  LEDs  or  other 
bu lb  types)  i n  each  array.   

6 )  Determ ine  the  number of  DUT l i gh t  ou tpu t  setti ngs.  Use  the  setting  descriptions  
provided  by the  DUT’s  l i teratu re.  I f  no  setti ng  descriptions  are  provided ,  use  
appropriate  descriptions  (e . g .  h i gh ,  med ium,  l ow,  1  h i gh -power LED,  3  l ow-power 
LEDs,  etc. ) .  
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7)  Describe  and  photograph  the  arrangement  of  l amp un i ts ,  i ncluded  appl iances,  
battery(- ies) ,  and  energy source(s)  i n  terms  of  housing /cases.  

EXAMPLE  There  are  two  hou si n gs .  I n  the  m ai n  h ous i ng ,  there  i s  a  battery wi th  a  g oosen eck l am p  protrud i ng  from  
the  housi ng .  The  o ther  hous i ng  i s  a  remote  l amp  u n i t  wi th  no  battery;  i t  i s  connected  to  the  mai n  hous i ng  wi th  a  
4  m  cabl e  that  has  an  i n l i ne  swi tch .  The  PV modu le  i s  extern al  an d  connects  to  th e  mai n  hou si n g  wi th  a  cabl e.  

8)  Describe  the  materials  that  compose  the  DUT’s  l amp un i ts ,  battery housing ,  charge  
con tro l ler  housing ,  i ncluded  appl iances,  and/or any other housings  (e. g .  plastic,  
metal ,  g lass,  or  o ther) .  

9 )  Note  i f  the  DUT and  i ncluded  appl iances  have  any i nd icators  (e. g .  charge  i nd icators)  
and ,  i f  so ,  i nclude  descriptions  of  i nd ication  mean ings  and  photog raphs  of  the  
i nd icators.  

1 0)  Note  and  photograph  any other  featu res  present  on  or  i ncluded  wi th  the  DUT and  
i ncluded  appl iances  (e. g .  hand les,  moun ting  brackets,  s tands) .  

1 1 )  Note  i f  the  DUT has  a  rad io  or  mobi l e  phone  charg ing  capabi l i t ies.  I f  so,  photograph  
the  connectors.  

1 2)  Describe  and  photograph  any other  i ncluded  appl iances,  accessories  or connectors  
not  yet  documented  (exclud ing  DC  ports  and  connectors  associated  wi th  the  DUT’s  
PV modu le) .   

1 3)  I f  a  g rid  charger i s  i ncluded ,  note  i f  i t  carries  any recogn ized  safety  marks,  such  as  
the  CE  mark.  Be  su re  to  photograph  any labels  provided  on  the  g rid  charger.  

1 4)  I nd icate  i f  the  DUT provides  cen tral  (e . g .  g ri d ,  cen tral  s tation )  or  i ndependent  (e . g .  
e lectromechan ical ,  so lar PV)  charg ing  and  the  speci fi c  charg ing  means  and  describe  
the  robustness  of  each  i ncluded  charg ing  mechan ism.  

d )  Provide  the  fo l lowing  i n formation  regard ing  the  DUT’s  DC  ports.  

1 )  Number of  d i sti nct  port  types.  

2)  For each  port  type:  

i )  brief  descripti on  of  the  port  (e . g .  "USB port  1 " ) ;  

i i )  receptacle  type  (e . g .  USB 2  type  A,  barrel  jack,  cigarette  l i gh ter j ack) ;  

i i i )  number of  i den tical  ports  of  th i s  type;  

i v)  nominal  port  vo l tage,  determ ined  from  any of  the  fo l l owing  sou rces:  

– manu factu rer-suppl ied  i n formation ;  

– user documentation  and  l abel l i ng ;  

– i f  the  port  i s  a  s tandard ized  or conven tional  connector,  the  appl i cable  
standards  and/or  conven tions;  

– measurement  of  the  open-ci rcu i t  vo l tage  and  the  vo l tage  under l oad .  

v)  rated  maximum  port  cu rren t,  i f  any,  determ ined  from  any of  the  fo l lowing  sources:  

– measurement  of  the  open-ci rcu i t  vo l tage  and  the  vo l tage  under l oad ;  

– manu facturer-suppl ied  i n formation ;  

– user  documentation  and  label l i ng ;  

– markings  on  any DUT componen ts,  such  as  a  fuse  or  ci rcu i t  breaker,  i f  i t  can  
be  determ ined  that  the  component  l im i ts  the  curren t  for  the  port.  

vi )  whether the  port  i s  i n tended  or  expected  to  be  used  for  charg ing  mobi le  phones  
(e. g .  based  on  l abel l i ng ,  documentati on ,  or  provided  adapters) ;  

vi i )  photograph  of  the  port.  

e )  Measure  and  observe  the  fo l lowing  ( i n  the  provided  un i ts)  for  the  DUT’s  PV modu le.  

1 )  Measure  the  PV modu le ’s  overal l  l eng th  and  wid th ,  i n  cen timetres  (cm) ,  i nclud ing  the  
frame.  

2)  Measure  the  acti ve  solar material ’ s  overal l  area,  i n  square  cen timetres  (cm 2) .  

3 )  Note  i f  the  PV modu le  i s  external  or  i n tegrated  i n to  the  DUT’s  housing .  
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4)  Measure  the  PV modu le ’s  cable  leng th ,  i n  metres  (m) ,  i n  the  case  of  external  PV 
modu les.   

5 )  Note  the  PV modu le’s  solar  material  (e . g .  po ly-Si ,  mono-Si ,  CIS,  amorphous) .  

6)  Note  the  PV modu le’s  encasing  (e . g .  l am ination ,  g lass,  epoxy) .  

7)  Describe  the  qual i ty  of  workmansh ip  i n  the  PV modu le ’s  j unction  box,  i f  presen t.  

8)  Note  any add i tional  i n formation  about  the  PV modu le  (e. g .  number of  i nd ivi dual  ce l l s) .  

9 )  Carefu l l y  i nspect  each  PV modu le  under an  i l l um ination  of  not  l ess  than  1  000  l ux  
and  note  any of  the  fo l l owing  visual  defect  cond i t i ons:  

– cracked ,  ben t,  m isal i gned  or  torn  external  su rfaces;  

– broken  cel l s ;  

– cracked  cel l s ;  

– fau l ty  i n terconnections  or j o i n ts;  

– ce l l s  touch ing  one  another or  the  frame;  

– fai l u re  of  adhesive  bonds;  

– bubbles  or  de lam inations  form ing  a  con ti nuous  path  between  a  cel l  and  the  edge  
of  the  modu le;  

– tacky su rfaces  of  p lasti c  materials;  

– fau l ty  term inations,  exposed  l i ve  electrical  parts;  

– any other cond i ti ons  wh ich  cou ld  affect  performance;  

– ( for th i n  f i lm  PV modu les)  voids  i n ,  and  vis ible  corrosion  of  any of  the  th in  f i lm  
layers  of  the  acti ve  ci rcu i t.  

1 0)  Make  note  of  and  photog raph  the  natu re  and  posi t ion  of  any vi sual  defects,  cracks,  
bubbles  or  delam inations,  etc.  wh ich  cou ld  worsen  and  adversely affect  the  modu le  
performance.  

1 1 )  Photograph  the  PV modu le.  

f)  Note  i f  the  DUT can  be  tu rned  on  wh i l e  i t  i s  being  charged  wi th  i ts  PV modu le.  

g )  Note  the  DUT’s  primary form  factor ( fi xed  i ndoor,  f i xed  ou tdoor,  portable  separate,  
portable  i n teg rated ,  or  o ther)  and  also  note  any secondary form  factors.  

h )  Note  the  DUT’s  expected  use(s)  (e . g .  ambien t,  torch ,  task) .  

i )  Provide  any general  comments  regard ing  the  DUT’s  properties,  featu res,  and/or  
i n formation .  

F.4.2  Speci fications 

F.4.2.1  General  

Al l  re levant  DUT speci fi cations  are  recorded  for l ater comparison  i n  testing  resu l ts .  Th is  part  
of  the  procedure  may be  completed  on  a  s i ng le  sample.  

F.4.2.2  Equ ipment  requ irements 

No  equ ipment  i s  requ i red  for  th is  part  o f  the  vi sual  screen ing  procedure.  

F.4.2.3  Test  prerequ isi tes  

The  DUT shou ld  be  new,  unal tered ,  and  i n  i ts  ori g inal  packag ing .  Read  the  DUT’s  box and  
documentation  for  i nstructions  on  us ing  the  DUT.  Consu l t  the  manu factu rer for  m iss ing  
i n formation  pertain ing  to  the  requ i red  observations.  

F.4.2.4  Apparatus 

No  apparatus  i s  requ i red  for  th i s  part  o f  the  visual  screen ing  procedure.  
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F.4.2.5  Procedure 

Examine  the  DUT’s  packag ing ,  user’s  manual ,  and  componen ts  for  battery,  l amp,  charge  
con tro l ler,  i ncluded  appl iances  and  PV modu le  speci fi cations.  Wh i le  obtain ing  the  
speci fi cations,  the  DUT shou ld  not  be  opened  or  o therwise  tampered  wi th  i n  any way.  The  
i n ternal  i nspection  of  F. 4. 3  can  reveal  more  product  speci fi cations,  wh ich  shou ld  be  i ncluded  
wi th  the  speci fi cations  from  F.4.2  and  noted  accord ing ly.  

a)  When  provided ,  note  the  fo l lowing  speci fi cations  ( i n  the  speci fied  un i ts) ,  i nd icate  and  
photograph  the  source(s)  of  each ,  and  comment on  any speci fi cation  d iscrepancies.  
I nd icate  i f  the  speci fi cation  i s  not  provided  bu t  can  be  ascertained  by observation  (e. g .  
battery chemistry and  battery nom inal  vo l tage) .  

1 )  Battery chemistry  (SLA,  N iCd ,  N iMH,  Li - I on ,  LiFePO4 ,  or  speci fy  other) .   

2 )  Rated  battery capaci ty,  i n  m i l l iamp hours  (mAh) .  

3 )  Battery nominal  vol tage,  i n  vol ts  (V) .  

4)  Lamp type  (LED,  compact  f l uorescen t,  l i near f l uorescent,  i ncandescen t,  or  speci fy  
other) .  

5 )  Lamp driver (constan t  vo l tage  source,  constan t  cu rren t  source,  pu lse  width  
modu lati on ,  resistor,  or  speci fy  other) .  

6)  Charge  con trol ler  present  (yes/no) .  

7)  Charge  con trol ler  deep  d i scharge  protection  vo l tage,  i n  vo l ts  (V) .  

8 )  Charge  con trol ler  overcharge  protection  vo l tage,  i n  vol ts  (V) .  

9 )  PV modu le  maximum  power po in t  power (Pm pp) ,  i n  watts  (W) .  

1 0)  PV modu le  open  ci rcu i t  vo l tage  (Voc) ,  i n  vo l ts  (V) .  

1 1 )  PV modu le  short  ci rcu i t  cu rren t  (Isc) ,  i n  m i l l i amperes  (mA) .  

1 2)  PV modu le  maximum  power po in t  vol tage  (Vmpp) ,  i n  vo l ts  (V) .  

1 3)  PV modu le  maximum  power poin t  cu rren t  (Impp) ,  i n  m i l l i amperes  (mA) .  

1 4)  I ncluded  appl iances  (speci fy  what  i s  i ncluded) .  

1 5)  Appl iance  i npu t  vo l tage  range  (V) .  

1 6)  Appl iance  maximum  power usage  (W) .  

1 7)  Appl iance  average  power usage  (W) .  

1 8)  Appl iance  standby power usage  (W) .  

1 9)  Where  avai lable,  note  basic  te levis ion  speci fications  – the  screen  s i ze  ( i nch ) ,  TV 
technology (LCD,  LED,  P lasma or CRT) ,  an tenna type,  bu i l t- i n  DVD  player,  AC  
power adapter i ncluded   and  bu i l t- i n  FM  tuner/rad io  capabi l i t i es.  

20)  Where  avai lable,  basic  fan  speci fi cations  – the  fan  d iameter i n  m i l l imetres  (mm) ,  
speed  setti ngs,  type  of  stand  and  cei l i ng  moun ti ng .  

21 )  Where  avai lable,  note  for  any i ncluded  rad io  speci fi cati ons  – the  rad io  bands,  bu i l t- i n  
MP3  player,  battery chemistry,  battery capaci ty i n  ampere  hou rs  (Ah ) ,  nominal  
battery vo l tage  i n  vo l ts  (V)  and  battery run  t ime  speci fi ed .  

22)  Where  avai lable,  note  for any i ncluded  portable  video  player speci fi cations  – the  
screen  s ize  ( i nch) ,  DVD  player,  AC  power adapter i ncluded ,  USB inpu ts,  memory 
card  s lots,  bu i l t- i n  FM  tuner/rad io  capabi l i t ies,  bu i l t- i n  MP3  player,  battery chemistry,  
battery capaci ty  i n  ampere  hou rs  (Ah ) ,  nom inal  battery vol tage  i n  vo l ts  (V)  and  
battery run  t ime  speci fied .  

23)  Where  avai lable,  note  for any i ncluded  refrigerator speci fi cations  – the  refrigerator 
capaci ty  i n  l i tres  (L) ,  the  freezer capaci ty i n  l i tres  (L) ,  the  energy use  per  day i n  
watt∙ hours  per  day (Wh/day)  and  the  temperatu re  the  energy use  i s  speci fi ed  for  i n  
degrees  Cels ius  (°C) .  

24)  Where  avai lable,  note  for  any other i ncluded  appl iances  any re levan t  speci fi cations  
on  thei r  use.  
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b)  When  provided ,  record  the  fo l lowing  run  t ime  speci fi cati ons,  i n  hours  (h ) ,  i nd icate  and  
photograph  the  sou rce(s)  o f  each ,  and  comment  on  any d iscrepancies:  

1 )  Note  the  number of  hours  of  operation  on  a  fu l l  battery charge  for  al l  l amp settings  
( fu l l -battery run  t ime)  and  al l  appl i ance  uses  speci fi ed .  

2 )  Note  the  number of  hours  of  operati on  on  a battery charge  from  a day of  so lar 
charg ing  for  al l  l amp settings  (dai l y  so lar  run  t ime)  and  al l  appl iance  uses  speci fied .  

3 )  Note  the  number of  hours  of  operation  after  a  speci fi ed  e lectromechan ical  charge  
period  for  al l  l amp setti ngs  (e lectromechan ical  run  t ime  ratio) .  

4)  Note  the  number of  hours  of  operation  after  a  speci fi ed  AC/DC adapter  charge  period  
for  al l  l amp settings  (g rid  run  t ime) .  

5)  Note  and  describe  any speci fied  run  t imes  that  do  not  f i t  i n to  the  previous  four 
categories.  

6)  Note  any claims  regard ing  charg ing  of  mobi l e  phones  or o ther devices,  i nclud ing  the  
number of  devices,  types  of  devices,  energy avai labi l i ty  or  hou rs  of  charg ing ,  etc.  

c)  Where  avai lable,  note  any l i gh t  ou tpu t  speci fi cations,  i n  l umens  ( lm ) ,  i nd icate  and  
photograph  the  source(s)  o f  each ,  the  correspond ing  l amp setti ng (s) ,  and  comment  on  any 
d iscrepancies.  

F.4.3  Functional i ty and  in ternal  inspection  

F.4.3.1  General  

An  i n ternal  i nspection  i s  performed  to  assess  the  e lectron ics  and  soldering  workmansh ip.  The  
DUT and  i ncluded  appl iances  fai l  the  i nspection  i f  poor  i n ternal  workmansh ip  i nh ibi ts  the  DUT 
and  i ncluded  appl iances  from  properly  functi on ing .  Th is  part  o f  the  procedure  shou ld  be  
completed  for every sample  being  tested .  

F.4.3.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Bri gh t  task l i gh t  wi th  good  colour rendering .   

•  M i scel laneous  hand  too ls  (screwdrivers,  wrenches,  etc. )  to  d i sassemble  DUT.  

•  Camera to  document  DUT characteristics  wi th  particu lar atten tion  to  poten tial  po in ts  of  
fai l u re  (e . g .  co ld  solder jo in ts) .  

•  DC  vo l tmeter or  mu l timeter for  conducting  basic  e lectron ic  i n tegri ty  and  functional i ty  tests   

•  Optional :  DC  cu rren t  clamp meter.  

F.4.3.3  Test  prerequ isi tes  

The  DUT and  i ncluded  appl iances  shou ld  be  new,  unal tered ,  and  i n  ori g inal  packag ing .  Read  
the  retai l  box  and  documentati on  for  i nstructions  on  using  the  DUT and  i ncluded  appl iances.  
Consu l t  the  manu factu rer for  m iss ing  i n formation  pertain ing  to  the  requ i red  observations.  I f  
the  DUT or  appl iance  i nstructions  requ i re  them  to  be  fu l l y  charged  prior to  operation ,  do  so  
pri or  to  conducting  th i s  test.  

F.4.3.4  Apparatus 

The  DUT and  i ncluded  appl iances  shou ld  be  posi ti oned  under a  bri gh t  task l i gh t  for 
examination .   

F.4.3.5  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  Check the  functional i ty  of  the  DUT and  i ncluded  appl iances  before  d i sassembl ing .  

1 )  Do  the  DUT and  i ncluded  appl iances  work as  described  wi th  provided  documentation?  
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2)  Do  the  DUT and  i ncluded  appl iances  charge  as  described  wi th  provided  documentation?   
Be  su re  that  any i ncluded  g rid  charger properly  functions.  

3 )  Do  al l  o f  the  DUT and  i ncluded  appl iances’  swi tches  and  connectors  function  as  they 
shou ld?  

4)  Comment  on  any notable  characteristics  of  the  DUT’s  l i gh t  ou tpu t  (e . g .  g lare,  co lour,  
i nconsistency between  samples) .  

5 )  Comment  on  any notable  characteri sti cs  of  the  functi onal i ty  of  the  DUT’s  i ncluded  
appl iances.  

6)  Comment  on  the  proper function ing  of  DUT’s  i nd icator  l i gh ts  (such  as  a  charg ing  
i nd icator)  and/or i n formative  d isplays  (such  as  a  d isplay showing  the  battery’s  state  of  
charge) ,  i f  appl i cable.  

7)  Comment  on  any fau l ty  operation  and  provide  photographs,  i f  necessary.  

8)  A DUT i s  considered  to  no  l onger function  i f  any of  the  fo l l owing  functions  fai l  to  work 
wi th  the  battery at  the  appropriate  state  of  charge:  

– one  or  more  i ncluded  appl iance  wi l l  not  tu rn  on ;  

– any of  the  l i gh t  sou rces,  arrays  and  l i gh t  po in ts  wi l l  not  tu rn  on ;  

– the  product  wi l l  not  charge  via  so lar,  and/or g rid ,  and/or mechan ical ,  as  appl icable;  

– battery i s  unsafe  ( l eaked  fl u id ,  i n flated ,  etc. ) .  

b)  I nspect  the  DUT and  i ncluded  appl iances  for  poten tial  hazards  or  safety  i ssues,  such  as:  

– bare  conductors;  

– sharp  po in ts  and  edges  that  can  cu t  someone  ( i nclud ing  exposed  screws  and  fasteners  
wi th  sharp  po in ts  and  edges) ;  

– p lugs  that  cou ld  exceed  ampaci ty rati ngs  i f  improperly  used ;  

– e lectrical  s i tuati ons  that  cou ld  l ead  to  a  fi re;  

Make  note  of  and  photograph  any poten tial  hazards  or  safety  i ssues  i den ti f i ed .  

c)  D isassemble  the  DUT and  i ncluded  appl iances  so  the  fo l lowing  i n ternal  observations  can  
be  made.  

1 )  I nspect  the  e lectron ic  components’  qual i ty  and  workmansh ip.  Document  the  
workmansh ip  wi th  comments  and  photog raphs.  Record  the  number of  observations  of  
each  defi ciency l i s ted  below for each  sample  examined :  

– so ldering :  note  any poor so lder j o i n ts,  such  as  co ld  jo i n ts  or j o in ts  wi th  i nsu ffi cien t  
or  excess  solder;  

– wi ring :  note  any poor wi ri ng ,  such  as  a  bad ly  p inched  wi re;   

– f i xtu re:  note  any poor securing  of  i n ternal  componen ts,  such  as  poor g lu ing  that  i s  
l i kely  to  fai l ;  

– battery:   

•  n ote  any battery-related  deficiency,  such  as  i n flated  batteries,  f l u id  l eakage,  or  
corrosion  of  battery term inals .  I f  l i th i um  batteries  are  i n flated  or f l u id  i s  presen t,  
these  batteries  are  dangerous  and  shal l  not  be  used  for  any add i tional  tests.  
D ispose  of  the  battery properly.  

•  n ote  i f  the  battery i s  adequately  fastened,  such  as  wi th  screw moun ts;  

– safety:  note  anyth ing  that  cou ld  resu l t  i n  a  safety  concern ,  such  as  a  poten tial  for  
shorti ng  the  product's  battery i f  two  bare  wi res  near each  other  cou ld  touch ;  

– functional i ty:  functi onal  deficiencies  i nclude  an  i nd icator l i gh t  or  d i splay fai l i ng  to  
work,  a  non-functi onal  accessory (such  as  extension  cable) ,  and  an  extra  port  not  
function ing .  Functional  deficiencies  are  not  large  enough  to  resu l t  i n  the  product  no  
l onger function ing  accord ing  to  F. 4.3. 5  a)  8)  ,  above.  

2)  Determ ine  the  product’s  total  deficiencies  score.  Sum  the  number of  deficiencies  
observed  between  the  examined  samples  for  so ldering ,  wi ri ng ,  fi xtu re,  and  battery.  
Sum  and  triple  the  number of  deficiencies  observed  between  the  examined  samples  for 
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safety and  functional i ty.  Add  these  two  sums  together and  d i vi de  by the  number of  
samples  examined  – th i s  i s  the  total  defi ciencies  score.   

3 )  Determ ine  the  workmansh ip  qual i ty  us ing  the  fo l l owing  gu idel i nes:  

– good :  no  defi ciencies  were  observed  wi th  the  samples  examined ,  and  al l  samples  
being  tested  con tinued  to  function  th roughou t  normal  use  du ring  testing  wi thou t  any 
hazards  or  safety  i ssues;  

– fai r:  deficiencies  score  i s  g reater  than  0  bu t  l ess  than  or  equal  to  1 , 25,  and  al l  o f  
the  samples  being  tested  con tinued  to  function  th roughou t  normal  use  du ri ng  
testi ng  wi thou t  any hazards  or  safety  i ssues;  

– poor:  one  or more  sample  being  tested  d i scon ti nued  to  function  th roughou t  normal  
use  du ring  testi ng  or developed  one  or more  hazards  or safety i ssues,  or  
deficiencies  score  i s  g reater than  1 , 25.  

The  workmansh ip  qual i ty may be  reassessed  upon  completion  of  the  DUT’s  testing ,  as  
samples  can  stop  function ing  under normal  use  du ri ng  a  later test.  

4)  I nd icate  whether the  DUT and  i ncluded  appl iances  use  cable  strain  rel i efs  and ,  i f  so ,  
wh ich  cables  have  strain  re l i efs.  Document wi th  photographs.  

5)  I nd icate  methods  used  to  secure  parts  i ns ide  the  DUT and  i ncluded  appl iances  (e . g .  
screws,  g lue,  tape,  clamps/straps,  or o ther)  and  document  wi th  photographs.  

6)  I nd icate  methods  used  for  securing  wi re  and  cable  connections  (e. g .  so lder,  harness,  
term inal  j unction )  and  document  wi th  photographs.  

7)  Note  i f  the  DUT and  i ncluded  appl iances  have  an  easi l y  replaceable  battery and/or 
pri n ted  ci rcu i t  board  (PCB) .  The  battery and  PCB are  easi l y replaceable  i f  they can  be  
i n terchanged  wi thou t  any too ls  other than  screwdriver(s)  ( i . e .  no  soldering  or spl i cing )  
that  are  used  on ly for  the  removal  and  replacement  of  screws  ( i . e .  no  prying ) .  Note  i f  
any i nstructions  are  i ncluded  for  replacing  the  battery and/or PCB.  

8)  Examine  the  i n ternal  components,  especial l y  the  batteries,  and  note  any speci fi cations  
that  were  not  apparen t  i n  F. 4. 2. 5.  

9)  Note  i f  the  batteries  con tain  any i n ternal  ci rcu i try.  Th is  type  of  ci rcu i try typical ly  
consists  of  a  smal l  pri n ted  ci rcu i t  board  located  beneath  a  plastic  jacket  encasing  the  
battery.  Document wi th  photographs.  

1 0)  Some  batteries  u ti l i ze  safety  and/or ce l l  balancing  ci rcu i try  on  the  DUT’s  PCB.  By th i s  
arrangement,  the  battery requ i res  i n te l l i gence  from  the  DUT’s  PCB for  proper charg ing  
and/or d i scharg ing .  Note  i f  the  DUT’s  battery u ti l i zes  a  safety/cel l  balancing  ci rcu i t  on  
the  DUT’s  PCB.  Th is  arrangement  can  be  observed  as  add i ti onal  wi re  connections  
between  the  battery and  the  PCB.  Consu l t  the  manu factu rer i f  uncertain .  

NOTE  Add i t i onal  wi re  conn ecti ons  between  the  battery  and  the  PCB  can  have  o ther fu ncti ons  as  we l l ;  fo r  
exam ple  tem peratu re  sen si n g .  Vo l tage  measu remen ts  o f  the  add i t i onal  wi res  can  be  h el pfu l  i n  assessi ng  
th e i r  fun cti on ;  vo l tag es  on  wi res  added  for  ce l l  mon i tori ng  and /or  bal anci n g  wi l l  be  m u l t i pl es  o f  th e  cel l  
vo l tage.  

1 1 )   Note  the  DUT and  i ncluded  appl iances’  overal l  i n ternal  workmansh ip  qual i ty.  
Document  the  i n ternal  workmansh ip  wi th  descriptions  and  photographs.  

F.5  Reporting  

Report  the  fo l lowing  i n  the  visual  screen ing  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu factu rer;  

– DUT name;  

– DUT model  number;  

– name  of  test  l aboratory;  
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– approving  person ;  

– date  of  report  approval .  

•  Manu factu rer con tact  i n formation  (e . g .  websi te,  emai l  address,  phone  number,  etc. ) .  

•  Retai l  box  description ,  i f  avai lable .  

•  User’s  manual  i n formation :  

– i ncluded  wi th  DUT (yes/no) ;  

– type  (e . g .  booklet,  pamph let,  sheet) ;  

– l anguage;  

– comments.  

•  Proper d isposal  i nstructions  i n formation ,  i f  avai lable .  

•  Battery replacement  i nstructions,  i f  avai lable .  

•  Hazard  label l i ng ,  i f  avai lable.  

•  Warran ty i n formation ,  i f  avai lable:  

– du ration  (mon ths) ;  

– description  of  terms  and  cond i ti ons.  

•  Complete  DUT i n formation  (e. g .  battery un i t,  l amp un i ts ,  con trol  un i t,  appl i ances) :  

– mass  (g ) ;  

– l i s t  o f  componen ts  i ncluded  i n  mass  measurement.  

•  DUT cable  i n formation :  

– l eng th  of  al l  cables  except  those  used  to  connect  PV modu les  (m) ;  

– cable  to  be  used  ou tdoors  (yes/no) ;  

– certi fi cation  documents  provided  for  cables  to  be  used  ou tdoors  (yes/no) ;  

– description  of  al l  cables  except  those  used  to  connect  PV modu les.  

•  DUT component  i n formation :  

– l eng th  of  each  component  (cm) ;  

– wid th  of  each  component  (cm) ;  

– heigh t  o f  each  component  (cm) ;  

– number of  each  componen t  i ncluded  wi th  DUT;  

– description  of  each  component.  

•  DUT l amp un i t  technology i n formation :  

– type  of  each  un ique  lamp un i t  variety  (e . g .  LED,  CFL,  i ncandescen t. ) ;  

– number of  l i gh t  poin ts  i n  each  un ique  lamp un i t  variety;  

– number of  arrays  i n  each  un ique  lamp un i t  variety;  

– description  of  each  un ique  l amp un i t  variety’s  technology use.  

•  Description  of  DUT arrangement  i n  expected  typical  use.  

•  DUT setti ng  i n formation :  

– name  of  al l  i nd i vidual  l i gh t  ou tpu t  setti ngs;  

– description  of  each  i nd ividual  l i gh t  ou tpu t  setting .  

•  DUT and  i ncluded  appl iances  materials  i n formation :  

– l i s t  of  al l  materials  used  to  construct  each  DUT component  (e . g .  g lass,  balsa wood ,  
p lasti c) ;  

– description  of  al l  DUT componen ts  construction  materials .  

•  DUT i ncluded  appl iances  i nd icators  i n formation :  
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– l i s t  o f  al l  i nd icators  presen t  on  each  DUT componen t  (e. g .  battery charge  i nd icators) ;  

– description  of  al l  DUT component  i nd icators.  

•  DUT i ncluded  appl iances  featu res  i n formation :  

– l i s t  o f  al l  featu res  present  on  each  DUT componen t (e. g .  hand les,  mounti ng  brackets,  
s tand) ;  

– description  of  al l  DUT componen t  features.  

•  DUT accessories  i ncluded  appl iances  i n formation :  

– rad io  i ncluded  (yes/no) ;  

– mobi le  phone  charg ing  capabi l i ty  (yes/no) ;  

– descriptions  of  i ncluded  appl iances;  

– descriptions  of  other i ncluded  DUT accessories  and  connectors.  

•  DUT charg ing  mechan ism  i n formation :  

– g ri d  charg ing  supported  (yes/no) ;  

– e lectromechan ical  charg ing  supported  (yes/no) ;  

– so lar charg ing  supported  (yes/no) ;  

– description  of  each  i ncluded  charg ing  mechan ism.  

•  DUT DC ports  i n formation :  

– number of  d i stinct  port  types;  

– description  of  each  port  type;  

– receptacle  type  for  each  port  type;  

– number of  i den ti cal  ports  of  each  type;  

– nom inal  port  vo l tage  for  each  port  type;  

– rated  maximum  port  cu rren t  for  each  port  type;  

– whether each  port  type  i s  i n tended  or  expected  to  be  used  for  charg ing  mobi le  phones.  

•  DUT PV modu le  i n formation :  

– l eng th  of  each  PV modu le  (cm) ;  

– wid th  of  each  PV modu le  (cm) ;  

– acti ve  area of  each  PV modu le  (cm2) ;  

– form  of  each  PV modu le  (external  or i n tegrated) ;  

– cable  l eng th  of  each  PV modu le  (m) ;  

– acti ve  solar material  o f  each  PV modu le  (e. g .  mono-Si ,  amorphous,  CIS) ;  

– encasing  of  each  PV modu le  (e . g .  l am ination ,  g lass) ;  

– description  of  any PV modu le  vi sual  defect  cond i t i ons;  

– description  of  the  robustness  of  each  PV modu le;  

– description  of  PV modu le  j uncti on  box workmansh ip;  

– o ther PV modu le  i n formation .  

•  DUT form  factor and  use  i n formation :  

– DUT’s  primary form  factor  (e . g .  f i xed  i ndoor,  f i xed  ou tdoor) ;  

– DUT’s  secondary form  factor(s) ;  

– DUT’s  expected  use(s)  (e . g .  ambien t,  torch ,  task) .  

•  Overal l  comments  based  on  the  visual  i nspection .  

•  Provided  DUT speci fi cation  i n formation ,  i f  avai lable:  

– battery chemistry  and  source  of  i n formation  
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– rated  battery capaci ty (mAh)  and  source  of  i n formation ;  

– battery nom inal  vol tage  (V)  and  source  of  i n formation ;  

– l amp type(s)  and  source  of  i n formation ;  

– l amp dri ver  and  source  of  i n formation ;  

– presence  of  charge  con tro l ler  (yes/no)  and  source  of  i n formation ;  

– charge  con tro l ler  deep  d ischarge  protection  vo l tage  (V)  and  sou rce  of  i n formation ;  

– charge  con tro l ler  overcharge  protection  vo l tage  (V)  and  source  of  i n formation ;  

– PV modu le  Pmpp  (W)  and  source  of  i n formation ;  

– PV modu le  Voc  (V)  and  source  of  i n formation ;  

– PV modu le  Isc  (A)  and  source  of  i n formation ;  

– PV modu le  Vmpp  (V)  and  source  of  i n formation ;  

– PV modu le  Impp  (A)  and  source  of  i n formation .  

•  Descripti on  of  any provided  DUT speci fi cation  d iscrepancies.  

•  Provided  appl iance  speci fi cati on  i n formation ,  i f  avai lable .  

•  Descripti on  of  any provided  appl iance  speci fi cation  d iscrepancies.  

•  Provided  DUT run  t ime  i n formation ,  i f  avai lable:  

– fu l l -battery run  time  (h )  for  each  setti ng  and  sou rce  of  i n formation ;  

– dai l y  so lar  run  time  (h )  for  each  setti ng  and  sou rce  of  i n formation ;  

– e lectromechan ical  charge  ratio  for  each  setting  and  source  of  i n formation ;  

– g ri d  run  t ime  (h )  for  each  setting  and  source  of  i n formation ;  

– claims  regard ing  mobi le  phone  or  o ther device  charg ing  abi l i t i es;  

– o ther  run  t ime  (h )  for  each  setti ng  and  source  of  i n formation .  

•  Descripti on  of  any provided  run  t ime  d i screpancies.  

•  Provided  l i gh t  ou tpu t  ( lm)  for  each  setti ng  and  sou rce  of  i n formation .  

•  Descripti on  of  any l i gh t  ou tpu t  d i screpancies.  

•  DUT and  appl iances  function   ou t  o f  box (yes/no) .  

•  Al l  swi tches  and  connectors  function  for  each  DUT sample  and  appl iances  wi th  comments  
as  necessary (yes/no) .  

•  Descripti on  of  any potential  hazards  or safety  i ssues.  

•  Descripti on  of  cable  strain  rel ief  methods  used  and  for  wh ich  connections,  i f  appl i cable .  

•  Number of  poor solder j o i n ts  and  workmansh ip  defi ciencies  for  each  DUT sample  and  
appl iances  wi th  comments  as  necessary.  

•  Total  deficiencies  score.  

•  Workmansh ip  qual i ty  (good/fai r/poor) .  

•  Means  (e . g .  screws,  g lue,  tape)  used  to  secure  parts  i n  each  DUT componen t (e . g .  l amp 
un i t(s) ,  charge  con tro l l er,  PV modu le(s) , appl iances) .  

•  General  fi xtu re  of  parts  comments.  

•  Easi l y  replaceable  battery and  PCB for  the  DUT and  appl iances  (yes/no) .  

•  Comments  on  ease  of  battery and/or PCB replacement.  

•  Overal l  description  of  i n ternal  workmansh ip.  

•  F i gu res:  

– properti es,  features,  and  i n formation  photographs;  

– speci fi cations  photographs;  
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– functional i ty  and  i n ternal  i nspection  photog raphs.  
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Annex G  
(normative)  

 
Sample preparation  

 

G.1  Background  

The  product  sample  shal l  be  prepared  before  starti ng  the  tests.  The  preparation  i ncludes  
con fi guring  the  product  to  al low connection  wi th  a  l aboratory power supply,  as  wel l  as  taking  
measurements.  For DUTs  wi th  mu l ti -cel l  l i th ium  battery packs,  the  preparation  also  i ncludes  
charg ing  the  product.  

G.2  Test  outcomes 

There  are  no  sample  preparati on  ou tcomes.  

G.3  Related  tests 

The  sample  preparation  procedures  shal l  be  performed  on  al l  DUTs  prior  to  conducting  the  
l i gh t  ou tpu t  test  (Annex I ) ,  l umen  main tenance  test  (Annex J ) ,  battery test  (Annex K) ,  fu l l -
battery run  t ime  test  (Annex M) ,  g ri d  charge  test  (Annex O) ,  e lectromechan ical  charge  test  
(Annex P) ,  so lar charge  test  (Annex R) ,  charge  con trol ler  behaviour test  (Annex S) ,  l i gh t  
d i stribu tion  test  (Annex T) ,  battery du rabi l i ty test  (Annex BB) ,  protecti on  tests  (Annex DD) ,  
assessment  of  DC  ports  (Annex EE) ,  and  appl iance  tests  (Annex FF) .  

G.4 Procedure 

G.4.1  General  

The  DUT i s  con fi gu red  i n  order to  make  measurements  of  cu rren t  and  vo l tage  during  se lected  
tests,  charge  the  DUT’s  battery via  a  battery analyser,  and  s imu late  a  speci fi ed  battery 
vo l tage  du ring  se lected  tests  wi th  a  l aboratory power supply.  I n  some  cases,  th i s  wi l l  mean  
selecting  and  attach ing  the  correct  plug  and  receptacle  componen ts.  I n  o ther  cases,  the  DUT 
wi l l  need  to  be  mod i fi ed ,  by cu tti ng  wi res  and/or d ri l l i ng  holes,  to  al low electri cal  connections.  
When  possible,  the  testi ng  l aboratory shal l  use  al l  cables  and  connectors  that  are  provided  
wi th  the  DUT and  shal l  con fi gu re  the  system  accord ing  to  product  i nstructions  and  i n  way 
consisten t  wi th  the  normal  use  of  the  product.  Any mod i fi cati ons  shal l  be  kept  to  a  m in imum.  
Add i t ional  con fi gu rati on  i n formation  can  also  be  found  i n  Annex H  and  Figure  H . 1 .  

G.4.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment  and  suppl i es,  or  the i r  equ ivalen t,  are  requ i red .  Equ ipment and  
suppl i es  shal l  meet the  requ i rements  i n  Table  CC. 2.  

•  P l ugs  and  receptacles  (e . g .  p in -and-socket  connectors)  that  connect  to  the  DUT electrical  
ports  to  al l ow the  use  of  a  l aboratory power supply  and  battery analyser wi th  the  DUT 
appl iances.  

•  I nsu lated  stranded  copper wi re.  The  conductor s i ze  shal l  be  0 , 75  mm 2  or  th icker;  for many 
products,  i t  i s  necessary to  use  th icker wi re  to  avoid  i n troducing  excessive  vo l tage  drop.  
The  requ i red  conductor s i ze  depends  on  the  wi re  l eng th ,  the  maximum  curren t,  and  the  
sensi t i vi ty  of  the  product  to  vol tage  d rop;  i n  al l  cases,  the  wi re  s i ze  shal l  be  su ffi cien t  to  
avoid  s ign i fi can tly  affecti ng  the  behaviou r of  the  DUT.  Recommended  m in imum  wi re  s i zes  
are  g i ven  i n  Table  G . 1 .  I t  i s  recommended  to  use  fou r d i fferen t  co lours.  

•  Wi re  cu tters.  
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•  Wi re  strippers.  

•  So ldering  i ron  and  solder.  

•  Heat-shrink tubing  and  heat  gun .  

•  Screwdrivers  and/or other appropriate  too ls  for  open ing  the  DUT.  

•  Opti onal  for DUTs  wi th  mu l ti -cel l  l i th i um  battery packs:  DC  power supply.  

•  Opti onal :  DC  cu rren t  clamp meter.  

•  I n  some cases:  a  power dri l l  wi th  an  appropriate ly s i zed  dri l l  b i t  to  make  a  hole  i n  the  
DUT’s  enclosure  to  f i t  fou r extension  wi res.  

Table  G .1  – Recommended  min imum  conductor sizes  for  copper wire 

Expected  maximum  current   

A  

M in imum  
wi re  

th ickness  
mm2  

Min imum  wi re  
th ickness   

(American  wi re  
gauge)  

≤  2 , 0  0 , 75  - -  

≤  2 , 2  0 , 82  1 8  

≤  3 , 5  1 , 3 1  1 6  

≤  4 , 0  1 , 50  - -  

≤  5 , 5  2 , 08  1 4  

≤  6 , 7  2 , 50  - -  

≤  8 , 8  3 , 31  1 2  

≤  1 0 , 7  4 , 00  - -  

≤  1 4 , 0  5 , 26  1 0  

 

G.4.3  Test  prerequ isi tes  

The  DUT’s  vi sual  screen ing  shal l  be  completed  prior  to  perform ing  the  sample  preparation  
procedures.   

G.4.4  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  For DUTs  wi th  mu l t i -cel l  l i th ium  battery packs,  fu l l y  charge  the  product  us ing  the  DUTs  
charg ing  ci rcu i try  to  ensu re  the  DUT has  been  g iven  the  opportun i ty  to  balance  the  cel l s  
o f  i ts  battery pack.  Use  one  of  the  two  fo l l owing  options.  

•  Wi th  the  DUT con figu red  for  charg ing  (e . g .  so lar modu le  connected  to  main  un i t) ,  face  
the  DUT’s  so lar modu le  towards  the  sun  un ti l  the  DUT reaches  a  fu l l  charge.  Be  sure  
to  protect  the  DUT from  water i ng ress.  

•  For l ocations  wi th  m in imal  sun ,  charge  the  DUT using  a  power supply.  Set  the  power 
supply to  the  DUT’s  rated  maximum  power-poin t  vol tage  and  curren t.  For DUTs  wi th  
separate  solar modu les,  use  a  severed  PV connector to  de l iver the  power to  the  DUT’s  
PV socket.  For DUTs  wi th  i n teg rated  solar  modu les,  open  the  DUT to  access  and  
sever the  l eads  between  the  solar  modu le  and  e lectron ics  to  del i ver the  power th rough  
the  DUT’s  e lectron ics.  I f  the  DUT’s  maximum  power-poin t  vo l tage  and  cu rren t  values  
are  not  rated ,  con tact  the  DUT manu factu rer  to  obtain  the  values.   

To  determ ine  when  the  DUT i s  fu l l y  charged ,  the  l ab  may use  the  DUT’s  i nstructions  or 
check that  cu rren t  no  l onger en ters  the  DUT’s  battery pack wi th  a  cu rren t  clamp meter 
when  the  so lar modu le  i s  exposed  to  sun  or  power supply  i s  provid ing  power.  

b)  I den ti fy  the  DUT’s  system  componen ts  and  appl iances  and  determ ine  the  method  of  
e lectri cal  connections  between  system  components.  
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c)  Mod i fy  the  DUT to  e lectrical l y  i so late  the  battery from  the  DUT electron ics.  Th is  wi l l  al l ow 
the  battery to  be  tested  and  wi l l  al so  al low the  DUT e lectron ics  and  ports  to  be  powered  
from  a  l aboratory power supply.  

1 )  Wi th  wi re  cu tters,  cu t  the  posi ti ve  and  negati ve  wi res  i nd ivi dual l y  where  the  DUT’s  
battery connects  wi th  the  rest  o f  the  DUT ci rcu i t.  To  avoid  a  short  ci rcu i t,  wh ich  cou ld  
resu l t  i n  personal  i n ju ry,  f i re ,  or  explosion ,  do  not  cu t  the  wi res  s imu l taneously.  I n  
some cases,  add i ti onal  wi res  are  attached  between  the  DUT’s  battery and  ci rcu i t  for 
battery temperatu re  mon i tori ng  and/or ce l l  balancing  – do  not  cu t  these  wi res.  Some 
batteries  have  two  wi res  connected  to  each  battery terminal  – keep the  wi res  attached  
to  each  term inal  together and  treat  them  as  one  wi re  end  for  the  remainder of  the  
procedure.  

2 )  Extend  the  fou r wi re  ends  ( two  connected  to  the  battery term inals,  two  connected  to  
the  DUT’s  PCB or o ther e lectron ics)  by  so ldering  on  add i t i onal  wi res.  Make  the  wi re  
extensions  l ong  enough  to  be  extended  approximately  6  cm  ou ts ide  the  DUT’s  
enclosure.  To  avoid  e lectric  shock,  keep  the  battery posi ti ve  and  negative  extensions  
separated .  Cover the  wi re  connections  wi th  heat-shrink tubing  once  soldered .  To  
m in im ize  vol tage  drop,  the  conductor s i ze  of  the  extension  wi res  added  i n  th is  s tep 
shal l  be  ≥  0 , 75  mm2  (see  recommendations  i n  Table  G . 1 )  and  equal  to  or larger  than  
the  existing  DUT battery supply wi res.  Wi re  extensions  shal l  be  kept  as  short  as  
possible.  The  laboratory shal l  mon i tor  the  behaviou r of  the  DUT to  ensure  that  
mod i fi cations  do  not  s i gn i fi can tl y  change  the  DUT’s  performance.  Changes  i n  
performance  can  i nclude  changes  to  the  DUT’s  power consumption ,  ou tpu t,  or  any 
other functi on  that  i s  substan tial l y  d i fferen t  than  the  function  of  the  unal tered  sample.  

NOTE  I n  the  Am eri can  wi re  gaug e  (AWG)  system ,  1 8  AWG  (0 , 823  mm2)  i s  the  smal l est  conductor  s i ze  
meeti ng  th i s  requ i remen t.  

3 )  C lose  the  DUT such  that  the  wi res  can  extend  ou tside  the  DUT’s  enclosure  wi thou t  
being  pinched .   

Some  products  are  designed  wi th  open ings  i n  thei r  enclosures  such  that  the  wi res  can  
f i t  th rough  these  open ings  wi thou t  physical l y  chang ing  the  DUT’s  enclosu re.   

Some  products  do  not  have  open ings  for  wi re  extensions  to  fi t  th rough ,  i n  wh ich  case  a  
hole  shal l  be  dri l led  i n to  the  s ide  of  the  DUT’s  enclosure.  A dri l l  b i t  wi th  a  d iameter 
s l i gh tl y  g reater than  the  combined  d iameter of  al l  fou r extension  wi res  shou ld  be  used .  
Choose  a  l ocation  on  the  DUT’s  enclosu re  to  m in im ize  the  extension  wi re  leng th  and  
m in im ize  changes  to  the  DUT’s  enclosu re.  Be  su re  that  the  extension  wi res  do  not  
i n terfere  wi th  the  DUT’s  l i gh t  ou tpu t.   

Optional l y,  attach  connectors  (e . g .  p in -and-socket  connectors)  to  the  ends  of  the  
extension  wi res  for  easy use  during  testi ng .  Attach  the  battery posi ti ve  and  negative  
extension  wi res  i n  one  hal f  o f  the  connector  pai r  and  the  DUT power supply lead  wi res  
i n  the  other hal f  of  the  connector  pai r.  I f  no  connectors  are  used ,  be  sure  to  keep  the  
battery posi ti ve  and  negative  extensions  separate  when  bare  to  avoid  short-ci rcu i ti ng  
the  battery.  Covering  the  ends  of  the  wi res  wi th  e lectri cal  tape  i s  one  method  to  keep 
the  extensions  separate.   

The  fu l l -battery run  t ime  test  (Annex M )  and  charge  con tro l ler behaviour test  (Annex S)  
impose  l im i ts  on  the  total  series  resistance  of  the  measurement  apparatus.  To  meet 
these  requ i rements,  the  use  of  connectors,  so ldered  connections,  or  screw term inals  i s  
recommended .  

4)  To  ensure  the  DUT sti l l  works  after i t  has  been  rewi red ,  connect  the  wi re  pai rs  (wi th  
connectors  or  e lectrical  tape)  so  the  ori g i nal ,  unal tered  ci rcu i t  i s  repl icated  and  tu rn  the  
DUT on .  I f  the  DUT does  not  tu rn  on ,  check that  the  wi res  are  connected  correctly  and  
that  the  solder j o i n ts  connecting  wi res  are  good .  Some products  requ i re  having  thei r  
PV modu les  attached  wi th  l i gh t  sh in ing  on  the  PV modu le  to  get  the  product  to  tu rn  on ;  
afterwards,  the  PV modu le  can  be  removed  and  the  product  wi l l  con ti nue  working  un ti l  
i ts  ci rcu i t  i s  broken  again .  

d )  (optional )  I n  some  s i tuations,  i t  i s  acceptable  for a  test  lab  to  supply a  regu lated  vo l tage  
from  a  power supply  d i rectl y  to  an  appl iance  plug  or  wi re  end  i nstead  of  supplyi ng  power 
to  the  DUT power con trol  un i t.  Th is  method  shal l  be  used  on ly  i f  the  appl iance  i s  normal l y  
suppl ied  power by a  vol tage-regu lated  port  (constan t  vol tage) .  Bu i l t- i n  or  permanently  
connected  appl iances  as  defined  by EE.4.2. 5  f)  cannot  be  tested  by th i s  procedure.  I f  the  
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test  l ab  i s  uncertain  abou t  the  vol tage  regu lation  of  the  port,  th is  procedure  shal l  not  be  
used ;  i nstead ,  the  lab  shal l  use  b)  above.   

1 )  I den ti fy  the  posi ti ve  and  negati ve  term inals  or  l eads  on  the  DUT’s  pl ug  and  receptacle  
connectors.  Th is  can  be  done  by checking  DUT i nstructions  or  by measuring  the  
vo l tage  polari t i es  on  the  connector terminals  wi th  the  DUT tu rned  ON .  

2)  Con fi gu re  plug  and  receptacle  components  to  mate  wi th  the  DUT system  componen ts  
and  al l ow the  use  of  a  l aboratory power supply  ( to  power the  appl iances)  and  a  battery 
analyser ( to  test  the  battery(- ies) ) .  I n  cases  where  su i table  plug  and  receptacles  
cannot  be  found,  the  DUT may be  mod i fied  by cu tting  off  connectors  and/or open ing  
DUT enclosu res  and  proceed ing  wi th  the  DUT mod i fi cati ons  ou tl i ned  above.  When  
possible,  use  the  cables  and  connector  componen ts  that  are  provided  wi th  the  DUT 
and  i n tended  for  normal  operation .  

G.4.5  Calcu lations 

No  calcu lations  are  requ i red  wi th  the  sample  preparation  procedures.  

G.5 Reporting  

No reporti ng  i s  requ i red  wi th  the  sample  preparation  procedures.   
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Annex H  
(normative)  

 
Power supply setup procedure 

 

H.1  Background  

Several  of  the  photometri c  test  procedures  replace  the  battery wi th  an  external  l aboratory 
(bench)  power supply  to  provide  electrical  power to  the  DUT for  the  du ration  of  the  test.  
Annex H  speci fies  the  power supply equ ipment  requ i rements  and  setup procedure  for  these  
tests.  

I n  order to  correctl y  s imu late  the  battery and  provide  the  DUT accurate  d i rect  curren t  (DC)  
power,  the  power supply  shal l  be  con fi gu red  properly  to  e l im inate  errors  that  can  occur from:  

•  vo l tage  d rops  from  the  resistance  of  the  l ead  wi res,  and  

•  e lectron ic  no ise  i n  the  l ead  wi res  from  e i ther  the  DUT or  the  test  envi ronment.  

These  errors  can  ( i n  most  cases)  be  e l im inated  wi th  a  4-wi re  test  con fi gu ration  and  i npu t  f i l ter 
capaci tors.  

H.2  Test  outcomes 

The  test  ou tcome of  the  power supply  setup  procedure  i s  l i s ted  i n  Table  H . 1 .  

Table  H .1  – Power supply setup test  outcome 

Metric  Reporting  
un i ts  

Related  aspects  Remarks  

Standard  operati ng  vo l tag e  vo l ts  n /a  
Used  when  a  typi cal  battery  vo l tage  
du ri ng  d i sch arge  i s  needed .  

 

H.3  Related  tests 

Annex H  i s  re lated  to  the  l i gh t  ou tpu t  test  (Annex I ) ,  the  l umen  main tenance  test  (Annex J ) ,  
the  so lar charge  test  (Annex R) ,  the  charge  con trol ler  behaviour  test  (Annex S) ,  and  the  l i gh t  
d i stribu ti on  test  (Annex T) .  I n  some  unusual  cases  (battery types  other than  l ead-acid ,  N iMH ,  
l i th i um  i ron  phosphate,  or  o ther  l i th ium- ion ) ,  i t  i s  necessary to  perform  the  battery test  
(Annex K)  i n  order to  determ ine  the  standard  operati ng  vo l tage  i n  H . 5.2.  

H.4 Equ ipment  requi rements  

The  DC power supply shal l  be  capable  of  del i vering  a  stable,  accurate  DC  i npu t  to  the  DUT.  
The  power supply shou ld  have  a vo l tage  readou t  resolu tion  of  at  l east  0 , 01  V and  a  curren t  
readou t  resolu tion  of  at  l east  0 , 001  A.  The  vol tage  appl ied  to  the  DUT shou ld  be  regu lated  to  
wi th in  ±0,2  % du ring  photometri c  measurements,  charge  con tro l ler  tests,  and  so lar charg ing  
tests  and  ±3  % for  the  duration  of  l umen  main tenance  tests.  Equ ipment  shal l  meet  the  
requ i rements  i n  Table  CC.2.  

Some  test  con fi gurations  may use  power suppl ies  wi thou t  vol tage  and  cu rren t  readou ts  
capable  of  measuri ng  vo l tage  and  cu rren t  values.  For example,  a  s i ng le  power supply  may be  
used  to  run  concurren t  l i fetime  tests  on  mu l t iple  DUT’s  ( the  DUT’s  are  run  i n  paral le l  from  a 
s i ng le  DC  vo l tage  rai l ) .  For these  con figu rations,  vol tage  measurements  may be  made  at  each  
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DUT inpu t  us ing  a  vo l tmeter or  mu l t imeter and  cu rren t  measurements  may be  made  us ing  a 
vo l tage  d rop measurement  on  a  series  shun t  res istor using  Ohm’s  law.  

H.5  Setup procedure for photometric  measurements and  lumen  maintenance 
tests  

H.5.1  Test  setup 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  The  power supply  and  DUT are  con figu red  accord ing  to  Figu re  H . 1 .  I npu t  f i l ter  capaci tors  
shal l  be  placed  at  the  device  i npu t  accord ing  to  H . 5. 5.  

b)  The  vo l tage  l evel  i s  set  accord ing  to  H . 5. 2  and  measured  accord ing  to  H .5. 4.  

c)  The  DUT i s  powered  on  and  al lowed  to  stabi l i ze  for ≥  20  m in  accord ing  to  H .5. 3 .  

d )  Tests  are  performed  on  the  DUT.  

e)  Du ring  testing ,  mon i tor the  DUT for errati c  behaviour that  cou ld  i nd icate  a  problem  wi th  
the  test  setup,  i nclud ing  l i gh t  ou tpu t  fl i ckering ,  vol tage  and  cu rren t  i nstabi l i ty,  and  d i ffi cu l ty  
i n  device  start-up.  

 

Key 

1  DC  power suppl y  

2  Lead  wi re  

3  Vo l tage  sense  

4  Seri es  sh un t  res i stor  (opti onal )  

5  DUT 

6  1  µF capaci tor 

7  1 0  µF capaci tor 

8  1 00  µF capaci tor  

Figure  H .1  – 4-wire  test  configuration  wi th  input  fi l ter  capaci tors  

H .5.2  DC vol tage and  current  l evels  

The  constant  DC  vo l tage  l evel  for  testi ng  a  product  sample  i s  based  on  the  test  requ i rements  
and  battery characteristics.   

When  supplying  power wi th  a  l aboratory power supply  to  the  DUT power con tro l  un i t,  e i ther 
the  average  operati ng  vo l tage  (correspond ing  to  the  vol tage  at  the  average  l i gh t  ou tpu t  
operating  poin t  found  duri ng  the  fu l l -battery run  time  test,  Annex M)  or  the  standard  operating  

IEC  
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vo l tage  (Table  H . 2)  i s  used .  Th is  s imu lates  the  DUT’s  battery vo l tage.  The  standard  operating  
vo l tage  can  be  more  appropriate  for products  wi th  mu l tiple  l i gh ti ng  appl iances,  i n  wh ich  the  
typical  operating  poin t  determ ined  i n  the  fu l l -battery run  t ime  test  i s  l ess  represen tative  of  the  
fu l l  variety  of  use  cond i ti ons.  The  standard  operating  vo l tage  i s  al so  usefu l  for  the  l umen  
main tenance  test  (Annex J ) ,  i n  wh ich  i t  i s  often  impractical  for  laboratories  to  dri ve  mu l tiple  
samples  at  d i fferen t  vo l tages.  

When  supplying  power wi th  a  l aboratory power supply  d i rectly  to  a  l i gh t  poin t  (and  not  us ing  
the  DUT power con trol  un i t) ,  the  typical  port  vo l tage  as  determ ined  i n  EE. 4.4  i s  used .  Th is  
s imu lates  the  DUT’s  port  vo l tage  for  that  appl iance.  

The  standard  operating  vo l tage  depends  on  the  type,  con figu ration ,  and  number of  ce l l s  o f  the  
battery pack.  Th is  i s  typical l y  provided  by the  manu factu rer bu t  may be  determ ined  by testi ng  
the  d i scharge  profi l e  (Annex K)  and  i nspecting  the  battery.  

The  standard  operating  vo l tages  for  several  battery chemistries  are  l i s ted  i n  Table  H . 2.  For 
unknown  or new types  of  batteries,  i t  i s  possible  to  estimate  a  standard  operati ng  vo l tage  
us ing  the  average  vol tage  du ri ng  the  fi nal  d i scharge  cycle  i n  the  battery capaci ty test  
(Annex K) .  

Table  H .2  – Standard  operating  vol tage for  several  common  battery types 

Battery type  Standard  operating  vol tage   

V/cel l  

Valve-regu lated  l ead-aci d  2 , 05  

N i MH  1 , 25  

Li th i um  i ron  phosphate  3 , 2  

Other  l i th i um  i on  3 , 7  

Other  battery  chem istry  Use  a  typ i cal  d i scharge  vo l tage  as  
determ i ned  from  m anu factu rer-provi ded  
battery  speci f i cat i ons  o r  the  battery test  
(Annex  K) .  

 

Du ring  testing ,  some DUTs  do  not  s tart  up  at  the  desi red  vo l tage  and  requ i re  an  i npu t  s l i gh tl y  
g reater than  the  desi red  battery vo l tage.  I n  th is  case,  i ncremental l y  i ncrease  the  power supply  
vo l tage  by 0 , 05  V un ti l  the  DUT i s  operational  at  the  desi red  l i gh t  setti ng .  After start  up,  
reduce  the  vo l tage  back to  the  desi red  battery vo l tage  and  al l ow the  DUT to  stabi l i ze.  I f  the  
DUT wi l l  not  remain  on  when  the  vol tage  i s  reduced ,  repeat  th is  s tep  and  run  the  DUT as  
close  to  the  desi red  battery vo l tage  as  possible,  making  note  of  the  i ssue.   

The  cu rren t  l evel  o f  a  DUT powered  wi th  an  external  power supply  shou ld  be  at  or near the  
cu rren t  l evel  measured  i n  the  fu l l -battery run  time  test  for  the  desi red  setting  (see  M . 4.2.5) .  
Variations  g reater than  5  % can  i nd icate  a  problem  wi th  the  power supply  setup  and  shou ld  be  
noted  i n  the  test  report.  

H.5.3  Stabi l ization  period  

A DUT shal l  be  al l owed  to  stabi l i ze  (warm  up)  before  l i gh t  ou tpu t  measurements  are  made.  
There  are  two  approved  stabi l i zation  procedures  i n  Annex H .  

a)  The  DUT i s  powered  on  and  al l owed  to  stabi l i ze  for 20  m in .  

b)  The  DUT i s  powered  on  and  i s  considered  stable  when  th ree  consecu ti ve  ou tpu t  
measurements,  taken  1 5  m in  apart,  have  a  variati on  of  ≤  0 , 5  % ( IES  LM-79-08) .  

I n  order to  faci l i tate  testi ng  of  mu l t iple  samples,  20  m in  i s  speci fi ed  as  the  m in imum  
stabi l i zation  t ime  and  i s  adequate  for  most  products.  Longer times  can  be  necessary for  
DUT’s  wi th  l arge  heat  s inks  or  h igh-powered  LEDs.  Vol tage,  curren t,  and  l i gh t  ou tpu t  for  a  
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DUT shou ld  be  mon i tored  to  determ ine  i f  20  m in  i s  an  adequate  stabi l i zati on  t ime.  I f  a  l onger 
stabi l i zation  t ime  i s  necessary,  the  I ES  LM-79-08  procedure  may be  used  to  determ ine  the  
stabi l i zation  t ime  for  a  s ing le  DUT sample,  and  th i s  t ime  may then  be  used  to  test  add i ti onal  
DUT samples  of  the  same  type.   

H.5.4  4-wire  power supply measurements   

Current  carrying  l ead  wi res  used  to  provide  power to  the  DUT shou ld  be  appropriate ly  s i zed  
and  as  short  as  possible,  and  shal l  be  separate  from  the  wi res  used  to  measure  the  device  
vo l tage  (Figu re  H . 1 ) .  Th is  i s  typical l y referred  to  as  a  4-wi re  test  measurement,  and  e l im inates  
the  vo l tage  d rop  associated  wi th  the  resistance  of  the  test  l eads  because  very l i tt l e  e lectric  
cu rren t  i s  carried  i n  the  vo l tage  sensing  wi res.  Many power suppl ies  are  equ ipped  to  hand le  
th i s  measurement  au tomatical l y  (also  known  as  remote  sensing ) ,  al though  test  personnel  may 
make  correcti ons  by ad justing  the  sense  vo l tage  manual l y.   

H.5.5  Fi l tering  electronic  noise 

Electromagnetic  i n terference  (EMI )  generated  by the  DUT or  the  test  envi ronment  can  
i n terfere  wi th  vo l tage  and  cu rren t  measurements.  Th is  can  occur from  swi tch ing  power 
suppl i es  found  i n  some e lectron ic  devices  and  i s  exacerbated  by usi ng  l ong  lead  wi res  from  
the  power supply  to  the  DUT.  Problems  wi th  EMI  wi l l  typical ly  cause  i npu t  vo l tage  and  curren t  
i nstabi l i ty,  and  often  can  resu l t  i n  l i gh t  ou tpu t  variation  i n  the  DUT.  

I npu t  capaci tors  shal l  be  placed  at  the  DUT i npu t  connections,  between  supply  posi t i ve  and  
negati ve  leads,  as  close  to  the  device  as  possible.  The  capaci tors  shou ld  be  ceramic  ch ip  or  
tan talum  types  and  have  1  µF,  1 0  µF,  and  1 00  µF values.  These  th ree  capaci tor  values,  used  
i n  paral le l ,  wi l l  e ffecti vely m i ti gate  most  EMI  problems.  

H.5.6  Troubleshooting  

I f  the  DUT wi l l  not  tu rn  on  after  replacing  i ts  battery wi th  a  power supply,  try  the  fo l l owing  
steps,  i n  order.  I f  the  DUT tu rns  off  or  d rops  to  a  l ower l i gh t  ou tpu t  setti ng  after  a  period  of  
t ime,  try  the  fo l l owing  steps  starti ng  wi th  step  b) .  I f  possible,  consu l t  the  product  manu factu rer 
to  ensu re  that  any troubleshooting  steps  taken  wi l l  not  damage  the  product.  

a)  Fo l l ow the  above  gu idel i nes  i n  H . 5. 1  for  replacing  the  DUT’s  battery wi th  a  power supply.  
I f  the  product  i s  so lar-charged ,  plug  i n  the  DUT’s  solar  modu le  i n to  i ts  charg ing  socket  
(pl ugg ing  i s  not  requ i red  for  i n tegrated  DUTs)  and  sh ine  a  bri gh t  l i gh t  very close  to  the  
so lar modu le.  I f  the  l i gh t  does  not  tu rn  on ,  try cycl i ng  the  DUT’s  on /off  swi tch .  After the  
l i gh t  tu rns  on ,  the  so lar modu le  can  be  removed .  

b)  Fo l l ow the  above  gu idel ines  i n  H .5. 1  for  replacing  the  DUT’s  battery wi th  a  power supply.  
Use  an  add i t i onal  power supply  to  provide  a  vo l tage-con tro l led  i npu t  to  the  DUT’s  so lar 
modu le  socket  ( for products  wi th  external  so lar  modu les)  at  the  solar modu le’s  maximum  
power poin t  vo l tage  (Vmpp)  and  maximum  power poin t  (Impp) .  ( I n  some  cases,  i t  i s  
necessary to  obtain  the  appropriate  vo l tage  and  cu rren t  values  from  the  product  
manu factu rer. )  The  connector  from  the  DUT’s  so lar  modu le  shal l  be  cu t,  s tri pped,  and  
used  to  supply  the  s imu lated  so lar power to  the  DUT’s  solar  modu le  socket.  For products  
wi th  i n tegrated  so lar modu les,  the  wi res  connecti ng  the  so lar modu le  to  the  PCB shal l  be  
cu t,  and  the  wi re  l eads  sti l l  connected  to  the  PCB shal l  be  stripped .  The  vol tage-con trol led  
i npu t  shal l  be  suppl ied  to  these  leads.  I n  some cases,  i t  i s  necessary to  supply  the  
vo l tage-con trol led  i npu t  to  the  DUT’s  so lar modu le  socket  (or  so lar PCB leads  for  products  
wi th  i n tegrated  so lar modu les)  for  the  du rati on  of  the  test.  

c)  I nstead  of  replacing  the  DUT’s  battery wi th  a  power supply,  l eave  the  battery connected  
wi th in  the  DUT.  Connect  a  " j umper"  between  the  DUT’s  battery and  e lectron ics  so  that  the  
battery vo l tage  and  cu rren t  can  be  measured  during  the  test.  Also  use  an  add i ti onal  power 
supply  to  provide  a  vol tage-con trol led  i npu t  to  the  DUT’s  solar  modu le  socket  at  the  so lar 
modu le’s  maximum  power poin t  vol tage  (Vmpp)  and  maximum  power poin t  curren t  (Im pp) .  
( I n  some cases,  i t  i s  necessary to  obtain  the  appropriate  vol tage  and  cu rren t  values  from  
the  product  manu facturer. )  The  connector from  the  DUT’s  so lar  modu le  shal l  be  cu t,  
s tripped,  and  used  to  supply  the  s imu lated  so lar power to  the  DUT’s  so lar modu le  socket.  
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For products  wi th  i n tegrated  so lar  modu les,  the  wi res  connecting  the  solar modu le  to  the  
PCB shal l  be  cu t,  and  the  wi re  leads  sti l l  connected  to  the  PCB shal l  be  stripped.  The  
vo l tage-control led  i npu t  shal l  be  suppl ied  to  these  l eads.  I n  some  cases,  i t  i s  necessary to  
supply  the  vo l tage-contro l led  i npu t  to  the  DUT’s  solar modu le  socket  (or so lar  PCB leads  
for  products  wi th  i n tegrated  so lar modu les)  for  the  du rati on  of  the  test.  

d )  I f  the  product  has  a  ce l l  balancing  or  protecti on  ci rcu i t  that  i s  external  to  the  battery ( i . e .  
on  a  PCB external  to  the  battery) ,  as  determ ined  du ri ng  vi sual  screen ing  (F. 4.3 .5) ,  that  
was  d isconnected  between  the  battery and  PCB,  then  i ncorporate  resistors  between  each  
of  the  DUT’s  battery cel l  vol tage  i npu ts  to  provide  the  requ i red  vo l tages  and  al low the  
product  to  tu rn  on .  I f  possible,  commun icate  wi th  the  product  manu factu rer to  determ ine  
the  proper res istor s i z ing ,  or  i f  an  al ternati ve  option  i s  more  appropriate.  I f  cel l  balancing  
wi res  extend  from  the  battery,  these  wi res  may be  used  to  solder on  the  resistors.  On ly 
proceed  wi th  th is  option  i f  safe,  at  the  tester’s  d iscreti on .  The  test  lab  shal l  ensure  that  the  
cu rren t  drawn  by the  resistors  does  not  resu l t  i n  an  error of  more  than  1  % i n  any cu rren t  
measurement.  I n  some cases,  more  complex ci rcu i try  i s  necessary to  supply stable  
vo l tages  to  the  DUT under al l  operating  cond i t ions.  

H.6 Reporting  

The  vol tage  and  cu rren t  for  tests  us ing  an  external  power supply  shal l  be  reported  accord ing  
to  Table  H . 3.  

Table  H .3  – Vol tage and  current  reporting  requ irements 

 Notes  

DC  vol tage  Regu lated  to  wi th i n  ±0 , 2  % du ri ng  photometri c  measu remen ts  
and  ±3  % for  the  du rati on  o f  l i fe t i me  tests  

DC  cu rren t  M easu red  us i ng  the  power suppl y  readou t  or  seri es  shun t  
res i s tor.  Readou t  reso l u ti on  shou l d  be  ≥  0 , 001  mA  
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Annex I  
(normative)  

 
Light  output  test  

 

I . 1  Background  

The  l i gh t  ou tpu t  of  a  so lar LED  l i gh t  i s  a  key parameter  as  products  that  do  not  provide  a  
su ffi cien t  amoun t  of  l i gh t  have  l im i ted  value.  

Li gh t  ou tpu t  measurements  ( total  l um inous  fl ux  or l umen  ou tpu t)  typical l y  requ i re  the  use  of  
an  i n tegrating  sphere  or  gon iophotometer.  An  add i ti onal  l um inous  fl ux measurement  
techn ique,  referred  to  as  the  mu l ti -plane  method ,  i nvolves  conducting  i l l um inance  
measurements  on  s i x  p lanes  that  defi ne  a  "box"  around  a  test  product  and  uses  these  
measurements  to  calcu late  l um inous  fl ux.  The  mu l ti -plane  method  i s  un ique  to  IEC  62257 and  
i s  described  i n  I . 4. 3 .  

Laboratories  may measure  total  l um inous  fl ux  usi ng  an  i n tegrating  sphere,  gon iophotometer,  
or  the  mu l ti -plane  method .  

The  l i gh t  ou tpu t  of  al l  l i gh ti ng  appl iances,  wi th  at  l east  a  1 0  l umen  ou tpu t,  suppl ied  wi th  the  
DUT shal l  be  measured  i nd ivi dual l y.  I f  more  than  one  i den tical  l i gh ti ng  appl iance  i s  i ncluded  
wi th  the  DUT ki t,  on l y  one  of  each  type  of  i den tical  l i gh ti ng  appl iances  shal l  be  measured .  

I .2  Test  outcomes 

The  test  ou tcomes  of  the  l i gh t  ou tpu t  test  are  l i s ted  i n  Table  I . 1 .  

Table  I . 1  – Light  output  test  outcomes 

Metri c  Reporting  un i ts  Related  aspects  Notes  

Lum in ous  f l u x  Lum ens  ( lm )  4 . 2 . 9 . 1  Average  
l um i nous  f l u x  ou tpu t  

Measu red  us i ng  a  DC  power su ppl y,  
l i g h t  sensor,  and  i n teg rati ng  sphere  or  
g on iophotometer (or  u s i n g  a  mu l t i -
p l ane  measu rem en t) .  

Corre l ated  co l ou r  
temperatu re  (CCT)  

Ke lvi n  (K)  4 . 2 . 9 . 4  Col ou r  
ch aracteri s ti cs  

Measu red  us i ng  equ i pmen t  capable  o f  
characteri z i ng  spectral  d i s tri bu t i on  

Co l ou r renderi ng  i ndex  
(CRI )  

0 - 1 00  (u n i t l ess)  4 . 2 . 9 . 4  Col ou r  
ch aracteri s ti cs  

Measu red  us i ng  equ i pmen t  capable  o f  
characteri z i ng  spectral  d i s tri bu t i on  

 

I .3  Related  tests 

Th is  annex i s  related  to  the  fu l l -battery run  t ime  test  (Annex M )  and  the  l i gh t  d i stribu tion  test  
(Annex T) .   

The  l i gh t  ou tpu t  test  al lows  several  al ternati ves  for  determ in ing  l i gh t  ou tpu t.  The  mu l ti -plane  
method  described  i n  I . 4. 3  and  a  gon iophotometer may be  used  to  generate  i n formation  on  the  
d i stribu ti on  of  the  device  (needed  for  Annex T)  as  wel l  as  i n formation  on  l i gh t  ou tpu t.  When  
these  methods  are  u ti l i zed ,  data may also  be  used  by Annex T to  calcu late  i l l um inance  on  a  
plane,  i l l um inance  abou t  an  axis ,  and/or fu l l  wid th  hal f  maximum  (FWHM)  ang les  as  described  
i n  T. 4.3 .6.  
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I .4  Luminous flux measurement  techniques  

I .4. 1  General  

The  lum inous  fl ux  of  al l  o f  the  l i gh ting  appl iances  suppl ied  wi th  the  DUT shal l  be  measured .  I f  
more  than  one  i den ti cal  appl iance  i s  i ncluded  wi th  the  DUT ki t,  on ly  one  of  each  set  of  
i den tical  appl iances  shou ld  be  tested .  

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  Determ ine  the  method  of  supplying  power to  the  l i gh ti ng  appl iance(s) .  The  appl iance  shal l  
be  connected  e i ther to  a  port  on  the  DUT’s  power con tro l  un i t  or  d i rectly  to  a  l aboratory 
power supply.  See  Annex H  for  add i ti onal  i n formation  on  selecting  an  appropriate  method  
to  power the  l i gh ting  appl iance.  

b)  Prepare  the  test  sample  for  l i gh ti ng  evaluation  as  described  i n  Annex G .  Set  up  a  power 
supply  to  dri ve  the  DUT as  described  i n  Annex H .  Measurements  shal l  be  taken  i n  a  
cond i ti oned  space  such  that  the  ai r  temperatu re  i s  24  °C ±  3  °C.  

c)  When  connecting  a  l i gh ti ng  appl iance  to  a  port  on  the  DUT’s  power contro l  un i t,  use  the  
average  operating  vo l tage  (Annex M )  or  s tandard  operating  vol tage  (Annex H )  to  supply  
power from  a  l aboratory power supply to  the  power con tro l  un i t.  The  standard  operating  
vo l tage  can  be  more  appropriate  for products  wi th  mu l tiple  l i gh ti ng  appl iances,  i n  wh ich  
the  typical  operating  poin t  determ ined  i n  the  fu l l -battery run  t ime  test  i s  l ess  represen tati ve  
of  the  fu l l  variety of  use  cond i t ions.  Al l  o f  the  l i gh ting  appl iances  i n  the  DUT ki t  shal l  be  
connected ,  powered  on ,  and  set  at  thei r  h i ghest  ou tpu t  setting ,  un less  otherwise  speci fi ed  
i n  the  product  speci fi cation  or requested  by the  cl i en t.  Add i ti onal  setti ngs  may be  tested  at  
the  l aboratory’s  d iscretion .  

When  a  DUT has  mu l tiple  l i gh ts,  these  l i gh ti ng  appl iances  shou ld  be  tested  i nd ivi dual l y  
( for  example,  one  l i gh ti ng  appl iance  i s  placed  i ns ide  an  i n teg rating  sphere  and  the  others  
are  powered  on  bu t  l eft  ou tsi de  the  sphere  during  the  test) .  Though  al l  l i gh ti ng  appl iances  
are  connected  and  powered  on  du ring  the  test,  for  DUTs  wi th  mu l t iple  i den tical  l i gh ti ng  
appl iances,  i t  i s  on ly  necessary to  measure  one  of  each  type  of  i den tical  l i gh ti ng  
appl iances.  

EXAMPLE  The  DUT i ncl udes  th ree  d i fferen t  types  o f  l i g h t i ng  appl i ances  (e . g .  a  tube  l i gh t,  fou r  ambien t  l i g h t  
po i n ts ,  an d  two  more  focused  l i g h t  po i n ts ) .  I n  th i s  case ,  th ree  o f  the  seven  l i g h ti n g  appl i ances  wou ld  be  
measu red  du ri ng  testi ng  – one  o f  each  l i g h t i n g  appl i ance  type.  

d )  When  connecting  a  l i gh ti ng  appl iance  d i rectl y  to  a  laboratory power supply,  use  the  typical  
port  vol tage  (Annex EE)  for  the  port  to  wh ich  the  appl iance  i s  normal ly  connected .  The  
DUT shal l  be  powered  on  and  set  to  the  h i ghest  ou tpu t  setti ng .  I t  i s  on ly  necessary to  
measure  one  of  each  type  of  i den ti cal  l i gh ting  appl iance.  

Al l  DUT lum inous  fl ux  measurements  wi l l  be  performed  wi th  the  DUT(s)  set  to  the  h ighest  
ou tpu t  setti ng .  Add i ti onal  f l ux  measurements  shal l  be  made  to  veri fy  tru th  i n  adverti s ing  
statements  from  the  manu factu rer when  other l i gh t  setti ngs  are  adverti sed ,  or  as  requ i red  
i n  the  product  speci fi cation .  

e)  Al low the  DUT to  stabi l i ze  accord ing  to  H . 5. 3 .  

f)  Record  the  vo l tage  and  cu rren t  draw by the  DUT at  the  DUT’s  i npu t  connector.   

g )  When  powering  DUT l i gh ti ng  appl iances  wi th  a  product’s  power con trol  un i t,  record  the  
vo l tage  and  cu rren t  at  the  power contro l  un i t’s  battery i npu t  connector.   

I .4.2  Luminous flux measurements  wi th  an  in tegrating  sphere  or  goniophotometer 

Refer to  the  fo l l owing  standard  test  methods  for the  measurement  of  l um inous  fl ux  wi th  an  
i n tegrating  sphere  or  gon iophotometer:  

•  C IE  084;  

•  C IE  1 27;  

•  I ESNA LM-78-07;  

•  I ESNA LM-79-08.  
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I .4.3  Luminous flux measurements  using  the  mul ti -plane method  

I .4.3.1  General  

1  l ux  i s  equal  to  1  l umen  per  square  metre.  Th is  re lationsh ip  i s  used  i n  th i s  method  to  obtain  
total  l umen  ou tpu t  by determ in ing  the  average  i l l uminance  ( l ux)  on  a  1  m2  su rface  at  s i x  
su rfaces  ( left,  ri gh t,  fron t,  back,  top,  and  bottom)  that  completely  encompass  the  DUT and  
summing  up  the  zonal  l umen  ou tpu t  from  each  of  these  s i x  su rfaces.  Th is  method  i s  s im i lar  
conceptual l y  to  the  method  by wh ich  l umen  ou tpu t  i s  calcu lated  by summing  zonal  l umen  
ou tpu t  for  gon iophotometric  measurements.  

When  connecting  a  l i gh ti ng  appl iance  to  a  port  on  the  DUT’s  power con trol  un i t,  use  the  
average  operating  vo l tage  (Annex M)  or  s tandard  operati ng  vo l tage  to  supply power from  a 
l aboratory power supply to  the  power con trol  un i t.  The  standard  operating  vol tage  can  be  
more  appropriate  for  products  wi th  mu l ti ple  l i gh ti ng  appl iances,  i n  wh ich  the  typical  operating  
poin t  determined  i n  the  fu l l -battery run  t ime  test  i s  l ess  represen tati ve  of  the  fu l l  variety  of  use  
cond i ti ons.  Al l  o f  the  l i gh ting  appl iances  i n  the  DUT ki t  shal l  be  connected ,  powered  on ,  and  
set  at  the i r  h i ghest  ou tpu t  setting .  On ly  one  l i gh ting  appl iance  can  be  tested  at  a  t ime  wi th  th is  
procedure.  Other l i gh ting  appl iances  shal l  be  covered  or  o therwise  arranged  so  that  no  l i gh t  
from  these  appl iances  reaches  the  measurement  plane.   

Though  al l  l i gh ti ng  appl iances  are  connected  and  powered  on  during  the  test,  for  DUTs  wi th  
mu l tiple  i den tical  l i gh ti ng  appl iances,  i t  i s  on ly  necessary to  measure  one  of  each  type  of  
i den ti cal  l i gh ti ng  appl iance.   

EXAMPLE  The  DUT i ncl udes  th ree  d i f feren t  types  o f  l i gh t i ng  appl i ances  (e . g .  a  tube  l i g h t,  fou r  ambien t  l i gh t  
po i n ts,  and  two  m ore  focused  l i g h t  po i n ts ) .  I n  th i s  case,  th ree  o f  the  seven  l i g h ti ng  appl i ances  wou l d  be  measu red  
du ri ng  testi ng  – one  of  each  l i g h t i ng  appl i ance  type .   

I f  the  l i gh ti ng  appl iance  i s  to  be  connected  d i rectl y  to  a  l aboratory power supply  as  described  
i n  G .4.4  d ) ,  rather  than  to  a  port  on  the  DUT’s  power con trol  un i t,  use  the  typical  port  vo l tage  
(Annex EE)  for  the  port  to  wh ich  the  appl iance  i s  normal ly  connected .  The  DUT shal l  be  
powered  on  and  set  to  the  h ighest  ou tpu t  setting .  Add i tional  settings  may be  measured  at  the  
d i scretion  of  the  test  l aboratory to  veri fy  tru th  i n  adverti s ing  statements  from  the  manu factu rer 
when  other l i gh t  setti ngs  are  adverti sed ,  or  as  requ i red  i n  the  product  speci fi cation .  I t  i s  on ly 
necessary to  measure  one  of  each  type  of  i den tical  l i gh ting  appl iance.  

I .4.3.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  I l l um inance  meter.   

•  Mu l ti -plane  test  apparatus  (described  below) .  

•  DC  power supply.  

•  DC  vo l tmeter or  mu l timeter.   

•  DC  ammeter.  

I .4.3.3  Test  prerequ isi tes  

See  general  procedure  ( I . 4. 1 ) .  

I .4.3.4  Apparatus  

The  test  requ i res  a  l i gh ting  d i stri bu tion  g rid  su rface  that  can  hold  an  i l l um inance  meter  over  a  
1  m 2  su rface  wi th  0 , 1  m  spacing  – an  1 1  ×  1 1  g ri d  wi th  1 21  poin ts  (Figu re  I . 1 ) .  The  81  i n terior  
poin ts  each  represent  1 00  cm 2  o f  su rface  area,  the  36  edge  poin ts  each  represen t  50  cm 2  o f  
su rface  area,  and  the  fou r corner poin ts  represen t  25  cm2  o f  su rface  area.  The  l i gh t  i s  f i xed  
0 , 5  m  away from  the  cen tre  of  the  g rid  su rface  ( the  0 , 5  m  i s  measured  from  the  cen tre  of  the  
l i gh t  source  i tse l f) .   
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Figure  I . 1  – Conceptual  schematic  of  the  l ight  output  test  setup,  includ ing  the  1 1  ×  1 1  
g rid ,  Cartesian  coord inate  axes  for rotation  reference,  and  the  DUT 

I .4.3.5  Procedure 

I n  general ,  the  l i gh t  shal l  be  s i tuated  so  the  fi rst  su rface  that  i s  measured  i s  the  one  that  
con tains  the  peak of  the  overal l  l i gh t  d i stribu ti on .  Subsequen tly,  the  l i gh t  i s  carefu l l y  rotated  to  
capture  the  other f i ve  su rface  measurements.  Th ree  of  the  remain ing  fi ve  posi t ions  are  
ach ieved  by rotati ng  the  l amp exactl y  90°  abou t  the  vertical  (Z)  axis  between  each  
measurement.  The  remain ing  two  posi ti ons  are  ach ieved  by rotating  the  l i gh t  abou t  the  
hori zon tal  (X)  axis  (see  Figure  I . 1 ) .  After  every rotati on ,  the  cen tre  poin t  of  the  l i gh t  source  
shou ld  be  exactl y  0 , 5  m  from  the  i l l um inance  meter’s  sensor when  i t  i s  p laced  i n  the  cen tre  of  
the  measurement  p lane.  The  DUT shal l  be  moun ted  us ing  a  tu rn table  (rotating  platform)  or  a  
clamping  system.   

Be  su re  no  stray l i gh t  h i ts  the  photometer and  no  refl ections  from  other su rfaces  i n  the  room  
i n terfere  wi th  the  read ings.  I nstal l i ng  a  b lack cu rtain  around  the  test  setup  and  having  the  test  
operator wear al l  b lack are  recommended .  

The  steps  shal l  be  fo l l owed.  

a)  Arrange  the  room  and  prepare  the  DUT,  ensu ri ng  the  stand  can  ho ld  the  DUT stead i ly  and  
enables  precise  rotation .  

b)  Set  the  vo l tage  of  an  external  power supply  such  that  the  vo l tage  at  the  product  i s  equal  to  
the  average  operati ng  vo l tage  of  the  battery (Annex M)  and  operate  the  DUT for  at  l east  
20  m in  before  the  fi rst  measurement  i s  taken .  Fol low power supply  gu idel ines  i n  the  power 
supply  set  up  procedure  (Annex H ) .   

c)  Posi ti on  the  DUT such  that  the  cen tre  of  i ts  l i gh t  source  i s  0 , 5  m  away from  the  cen tre  of  
the  g rid  surface  as  shown  i n  Fi gu re  I . 1 .  

d )  The  cen tre  of  the  g ri d  su rface  shal l  read  the  h i ghest  l i gh t  ou tpu t  provided  by the  DUT at  a  
0 , 5  m  d istance.   

e )  Measure  i l l um inance  levels  at  every 0 , 1  m  d istance  on  the  g rid  su rface,  wi th  the  
i l l um inance  meter co-planar to  the  measurement  g ri d  (not  normal  to  the  l i gh t  sou rce) .   
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f)  Measure  i l l um inance  levels  for  the  g rid  po in ts  that  read  a l ux  value  g reater than  the  
resolu tion  of  the  i l l um inance  meter and  g reater than  0 , 2  % of  the  maximum  l ux read ing  
from  the  fi rst  su rface  measured.   

g )  Rotate  the  DUT 90°  clockwise,  reposi ti on ing  the  DUT,  i f  necessary,  such  that  the  cen tre  
poin t  o f  the  l i gh t  ou tpu t  i s  exactl y  0 , 5  m  from  the  i l l um inance  meter’s  sensor.  I t  i s  also  
permissible  to  rotate  the  measurement  g rid  abou t  the  DUT.  Repeat  steps  d )  th rough  g )  for  
the  two  remain ing  s i de  faces  un ti l  reach ing  the  DUT’s  i n i t ial  posi t ion .  

h )  Ti l t  the  DUT 90°  down  (abou t  the  X axis)  and  reposi ti on  the  DUT,  i f  necessary,  such  that  
the  cen tre  po in t  o f  the  l i gh t  ou tpu t  i s  exactl y  0 , 5  m  from  the  i l l um inance  meter’s  sensor.  I t  
i s  al so  perm issible  to  rotate  the  measurement  g rid  abou t  the  DUT.  

i )  Measure  i l l um inance  l evels  for  the  g ri d  po in ts  that  read  a  l ux  value  g reater than  the  
resolu tion  of  the  i l l uminance  meter and  g reater than  0 , 2  % of  the  maximum  l ux  read ing  
from  the  fi rst  su rface  measured .   

j )  Ti l t  the  DUT 1 80°  up  (abou t  the  X axis)  and  reposi t i on  the  DUT,  i f  necessary,  such  that  the  
cen tre  poin t  of  the  l i gh t  ou tpu t  i s  exactl y  0 , 5  m  from  the  i l l um inance  meter’s  sensor.  I t  i s  
also  permissible  to  rotate  the  measurement g rid  abou t  the  DUT.  

k)  Measure  i l l um inance  l evels  for  the  g ri d  po in ts  that  read  a  l ux  value  g reater  than  the  
resolu tion  of  the  i l l um inance  meter  and  g reater than  0 , 2  % of  the  maximum  l ux  read ing  
from  the  fi rst  su rface  measured .   

I .4.3.6  Calcu lations  

The  i l l um inance  data are  used  to  estimate  the  DUT’s  l um inous  fl ux  ou tpu t.  The  s i x  measured  
s ides  have  vi rtual l y  enclosed  the  DUT’s  l i gh t  ou tpu t  wi th i n  a  box.  Al l  the  i l l um inance  values  
over the  vi rtual  su rfaces  wi l l  be  i n tegrated  to  calcu late  an  estimate  for  l um inous  fl ux.   

a)  Estimate  the  l um inous  fl ux  i nciden t  on  the  fi rst  measured  su rface:  mu l tipl y  the  i l l um inance  
values  by the  appropriate  area each  one  represen ts  (0 ,01  m2  for  i n terior poin ts,  0 , 005  m2  
for  edge  po in ts,  and  0 , 0025  m2  for  corner po in ts)  to  obtain  the  l um inous  f l ux  ( lm)  
represen ted  by each  i l l um inance  measurement.   

b)  Sum  the  l uminous  fl ux  measurements  over the  en ti re  surface.   

c)  Repeat  step  a)  to  calcu late  the  l um inous  f l ux  for the  remain ing  fi ve  s i des.   

d )  Total  the  l um inous  fl ux  estimates  over al l  s i x  s i des  to  obtain  an  estimated  constan t-vol tage  
total  l um inous  fl ux  em i tted  from  the  DUT.  

I .5  Correlated  colour temperature (CCT)  measurement 

Measurement  of  corre lated  colour temperature  shal l  be  made  i n  accordance  wi th  CIE  1 5:2004.  

I .6  Colour rendering  index (CRI)  measurement 

Measurement  of  co lour rendering  i ndex (Ra)  shal l  be  made  i n  accordance  to  CIE  1 3 .3  and  
CIE  1 77.  

I .7  Reporting  

Report  the  fo l lowing  i n  the  l i gh t  ou tpu t  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu factu rer;  

– DUT name;  
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– DUT model  number;  

– DUT setti ng ;  

– test  room  temperatu re  (°C) ;  

– name of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– d ri ve  curren t  (A) ;  

– d ri ve  vo l tage  (V) ;  

– s tabi l i sation  t ime  (m in ) ;  

– total  constan t-vol tage  l um inous  fl ux  ( lm ) ;  

– correlated  co lour temperatu re;  

– co lour rendering  i ndex.  

•  Average  of  n  sample  resu l ts  for  each  DUT aspect  tested .  

•  Coefficien t  of  variation  of  n  sample  resu l ts  for  each  DUT aspect  tested  (%) .  

•  DUT’s  rati ng  for  aspects  tested ,  i f  avai lable .  

•  Deviation  of  the  average  resu l t  from  the  DUT’s  rating  for each  aspect  tested ,  i f  
avai lable  (%) .  

•  Comments:  

– i nd i vidual  comments,  as  necessary,  for  samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  o f  samples  1  th rough  n.  
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Annex J  
(normative)  

 
Lumen  maintenance test  

 

J .1  Background  

An  important  performance  metri c  for LED  l i gh ts  i s  consisten t  l um inous  f l ux  over the  product’s  
l i fetime.  The  l i fetime  of  LEDs  i s  s trong ly  i n fl uenced  by e lectrical  operating  cond i ti ons  and  
thermal  management.  Fu rther cri teria wh ich  can  accelerate  degradation  i nclude  the  qual i ty  of  
the  phosphor used  i n  wh i te  LEDs,  componen t  l evel  ch ip  design  and  LED  packag ing  materials  
and  processes,  and  the  envi ronmental  s tabi l i ty  o f  secondary optical  componen ts  i n  the  
product  housing .  Assuming  that  an  overal l  l i fetime  of  5  years  and  a  dai l y  burn  t ime  (DBT)  of  
4  h  are  ach ieved ,  th i s  resu l ts  i n  a  total  operation  t ime  of  7  300  h .   

Examination  of  the  l umen  main tenance  of  LED  l i gh t  sources  and  products  i s  performed  i n  a  
l ong- term  test  o f  e i ther the  i nd ividual  LED  componen ts  or  the  en ti re  LED  product.  LED  
componen ts  are  sometimes  tested  by the  LED  manu facturer  for  a  m in imum  of  6  000  h  under 
IESNA LM-80-08.  Because  of  t ime  constrain ts,  however,  i t  i s  general l y  not  practical  to  
measure  a  complete  LED  l i gh ting  product  over i ts  en ti re  expected  l i fespan .  The  test  methods  
described  i n  th is  modu le  take  two  d i fferen t  approaches  to  estimating  l umen  main tenance.  

The  f i rst  approach  mon i tors  a  DUT’s  l i gh t  ou tpu t  over  a  f i xed  period  of  operati on  i n  order to  
i den ti fy  and  fl ag  products  that  are  found  to  su ffer s ign i fi cant  l umen  depreciati on .  An  i n i t ial  
screen ing  method  i s  described  wh ich  mon i tors  l i gh t  ou tpu t  for 500  h  (approximately  3  weeks)  
as  wel l  as  a  l onger term  evaluation  i n  wh ich  l i gh t  ou tpu t  i s  mon i tored  for  2  000  h  
(approximately  1 2  weeks) .   

For the  2  000  h  test,  a  L90  ≥  2  000  h  j udgment  may be  made  at  1  000  h  i f  al l  tested  product  
samples  main tain  ≥ 95  % l umen  main tenance  (L95 )  for  the  en ti re  1  000  h .  Testi ng  has  shown  
that  these  products  are  very l i kely  to  have  L70  greater  than  2  000  h .   

Several  o f  the  tests  used  to  evaluate  solar LED  products  are  re latively  short- term ,  thus  
al lowing  a  s ing le  test  sample  to  be  used  on  several  d i fferen t  tests.  Because  the  l umen  
main tenance  test  requ i res  a  sample  to  be  ded icated  for  such  a  l ong  period  of  t ime  (up  to  1 2  
weeks) ,  test  samples  shou ld  be  ded icated  to  th is  test  un ti l  the  test  i s  completed .  I n  cases  
where  the  battery i s  not  requ i red  to  conduct  the  l umen  main tenance  test,  the  DUT’s  battery 
can  be  used  for  o ther testing  (e . g .  battery du rabi l i ty  testi ng ) .  

An  al ternate  method  for  estimating  l umen  main tenance  uses  an  I ESNA LM-80-08  (LM-80)  
test  report  from  the  manu factu rer of  the  LED  componen t.  The  temperatu re  of  the  LED(s)  i n  
the  DUT are  measured  and  compared  to  the  LM-80  data for  the  componen t  LED(s)  and  an  
estimate  i s  reported .  The  i n i t ial  screen ing  method  mon i toring  l i gh t  ou tpu t  for  500  h  i s  s t i l l  
performed,  bu t  no  fu rther l umen  main tenance  tests  are  requ i red .  Th is  method  therefore  
represen ts  a  faster  assessment  of  a  product’s  l umen  main tenance  performance.  

J .2  Test  outcomes 

The  l umen  main tenance  test  ou tcomes  are  l i s ted  i n  Table  J . 1 .  
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Table  J .1  – Lumen  maintenance test  outcomes 

Metri c  Reporti ng  
un i ts  

Related  aspects  Notes  

Lumen  main tenance  at  
2  000  h  

%  4. 2 . 4. 2  2  000  h  l umen  
m ai n tenance  

The  percen tage  o f  i n i t i al  l i g h t  ou tpu t  
( t i me  =  0  h )  th at  the  product  generates  at  
th e  end  o f  th e  test  ( t ime  =  2  000  h ) .  

Lumen  main tenance  at  
1  000  h  

 

%  4. 2 . 4. 2  2  000  h  l umen  
m ai n tenance  

 The  percen tage  o f  i n i t i al  l i g h t  ou tpu t  
( t i me  =  0  h )  th at  the  product  generates  at  
th e  m i d -po i n t  o f  the  test  ( t i me  =  1  000  h ) ;  
th i s  may be  u sed  as  a  provi s i onal  resu l t  
at  th e  d i screti on  o f  s takeho lders.  

Lumen  main tenance  at  
500  h  

%  4 . 2 . 4. 1  500  h  l u men  
mai n tenance  

The  percen tage  o f  i n i t i al  l i g h t  ou tpu t  ( t i me  
=  0  h ,  after  the  i n i t i al  20 -m in  warm -up  
peri od )  that  the  product  generates  at  the  
end  o f  the  test  ( t i me  =  500  h ) .  

 

J .3  Related  tests 

Annex J  i s  not  re lated  to  any of  the  other  annexes.  

J .4  Procedure 

J .4.1  General  

Two  tests  are  described  i n  J . 4:  a  fu l l  l umen  main tenance  characteri zation  i n  wh ich  DUTs  are  
tested  for  2  000  h  and  a  qu ick screen ing  test  i n  wh ich  DUTs  are  tested  for 500  h .  

S im i lar  to  the  fu l l -battery run  t ime  test  (Annex M) ,  the  l umen  main tenance  test  requ i res  an  
accurate  measurement  of  relati ve  l i gh t  ou tpu t  over t ime.  Measurements  shal l  be  taken  i n  a  
cond i ti oned  space  such  that  the  ai r  temperatu re  i s  24  °C ±  3  °C.  There  are  four  approved  
methods  for  making  these  measurements:  

•  Photometer  tube  method  (J . 4. 2. 1 ) .  

•  F i xed  geometry method  (J . 4. 2 .2) .  

•  Photometer box method  (J . 4. 2 .3) .  

•  I n tegrating  sphere  method  (J . 4.2 .4) .  

J .4.2  Fu l l  screening  

J .4.2.1  Photometer tube method  

J .4.2.1 . 1  Equ ipment  requ irements 

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Photometer tube  test  apparatus  that  i ncludes  an  i l l um inance  meter  (described  below) .  

•  DC  power supply.  

•  DC  vol tmeter or  mu l timeter.   

J .4.2.1 .2  Test  prerequisi tes 

The  DUT shal l  have  been  prepared  as  described  i n  Annex G .  

J .4.2.1 .3  Apparatus 

The  photometer tube  i s  a  se l f-made  device  (made  from  l ow-cost  materials  that  are  read i l y  
avai lable  i n  developing  coun tries)  for  taking  measurements  of  re lati ve  l um inous  fl ux.  A basic  
rendering  of  a  photometer tube  i s  i ncluded  i n  Figure  J . 1 .  
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Key 

1  Tube  

2  Open  en d  

3  I l l u m i nance  meter  

4  En d  cap  

5  I l l u m i nance  meter  sensor 

Figure J .1  – Schematic  of  a  photometer tube 

The  recommended  tube  for  th i s  appl i cation  i s  made  of  cardboard ,  o ften  avai lable  free  of  cost  
from  fabric  or  paper ro l l s.  PVC  pipe  i s  al so  re latively  i nexpensive  and  appropriate  for use  as  a  
photometer tube.  The  tube  i nside  d iameter shou ld  be  between  5  cm  and  7  cm.  The  tube  
shou ld  be  at  l east  50  cm  i n  l eng th .   

An  end  cap i s  f i t  snug ly  to  one  end  of  the  tube.  The  end  cap  holds  the  i l l um inance  meter 
sensor i n  a  fi xed  posi ti on  at  the  end  of  the  tube  and  restricts  stray l i gh t  from  en tering .  Due  to  
material  cost  and  ease  of  manu factu re,  wood  i s  the  recommended  material  for  the  end  cap.   

No  reflecti ve  coati ng  i s  necessary on  the  i n ternal  su rface  of  the  photometer tube.  

J .4.2.1 .4  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  The  DUT battery i s  replaced  by a  laboratory power supply  that  i s  set  to  del i ver  the  DUT’s  
standard  battery vol tage  or typical  port  vol tage  accord ing  to  the  power supply setup 
procedure  (Annex H ) .  

b)  Li gh t  from  the  DUT i s  d i rected  i n to  the  open  end  of  the  photometer tube.   

The  DUT and  the  photometer  are  both  fi xed  to  the  photometer tube  for  the  duration  of  the  
test.  I t  i s  recogn ized  that  l aboratories  testing  a l arge  number of  samples  are  not  always  
able  to  ded icate  a  photometer to  each  sample  that  they are  testing  during  the  du rati on  of  
the  l umen  main tenance  test.  Thus,  an  apparatus  may be  used  i n  wh ich  the  DUT or  the  
photometer i s  i nstal l ed  j ust  prior to  the  making  measurements  and  then  removed  
afterwards.  

I f  such  a  method  i s  u ti l i zed ,  g reat  care  shal l  be  made  to  ensu re  that  the  photometer  and  
the  DUT are  placed  i n  precisely  the  same  geometric  arrangement  for  each  measurement,  
as  even  s l i gh t  variation  i n  placement can  generate  s ign i fi can t  measurement  errors.  Also,  i f  
a  photometer i s  i nstal led  and  removed  from  an  apparatus,  i t  i s  importan t  that  the  same  
photometer  i s  used  for  al l  measurements  ( i . e .  do  not  measure  some read ings  wi th  meter A,  
and  subsequent  read ings  wi th  meter B) .  Using  photometers  wi th  "max"  functions  can  
faci l i tate  repl icati on  of  the  orig inal  geometry ( i . e.  i f  the  ori g inal  read ing  i s  at  the  peak of  
the  l i gh t  d i stribu ti on ,  i t  i s  possible  to  search  for  the  peak using  a  max function ) .  
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For DUTs wi th  mu l tiple  i den ti cal  l i gh ti ng  appl iances,  i t  i s  on ly  necessary to  measure  one  of  
each  type  of  i den tical  l i gh ti ng  appl iance;  therefore,  i t  i s  not  necessary for  al l  the  product’s  
l i gh ti ng  appl iances  to  be  runn ing  during  the  du ration  of  the  test.   

EXAMPLE  The  DUT i ncl udes  th ree  d i fferen t  types  o f  l i g h t i ng  appl i ances  (e . g .  a  tube  l i gh t,  fou r  ambien t  l i g h t  
po i n ts ,  an d  two  more  focused  l i g h t  po i n ts ) .  I n  th i s  case ,  th ree  o f  the  seven  l i g h ti ng  appl i ances  wou ld  be  
measu red  du ri ng  testi ng  – one  o f  each  l i g h t i ng  appl i ance  type.  

c)  Care  shal l  be  taken  to  ensure  that  the  DUT i s  secured  to  the  photometer  tube  such  that  
exactl y  the  same  al i gnment i s  main tained  for  each  measurement.  Care  shal l  al so  be  taken  
when  securing  the  DUT to  the  photometer tube  that  the  DUT does  not  have  i ts  thermal  
envi ronment al tered  s i gn i fi can tl y.  I f  ai rflow around  the  DUT i s  s i gn i fi can tly  reduced  due  to  
the  connection  to  the  photometer  tube  ( i . e .  i f  the  en ti re  DUT i s  p laced  i ns ide  the  tube) ,  the  
test  resu l ts  cou ld  show a  l ower l umen  main tenance  rate  than  wou ld  actual l y  resu l t  from  
normal  use.  

d )  Refer to  Table  J . 2  for  the  m in imum  frequency at  wh ich  the  relati ve  i l l um inance  of  the  DUT,  
ambien t  temperature,  DUT vol tage,  and  curren t  are  measured  and  recorded .  The  vol tage  
measurement  shal l  be  made  as  close  to  the  DUT as  possible.  

e)  (optional )  A data l ogger or a  l ux  meter wi th  a  data- logg ing  function  may be  used  to  record  
the  i l l um inance  every hou r.  

Table  J .2  – Lumen  maintenance test  min imum frequency 
of  measurement  for  fu l l  screen ing  test  

Measurement  number Time  i n terval   

h  

Cumu lati ve  t ime   

h  

1  0 , 33  (20  m i n )  0  

2  24  24  

3  48  72  

4  48  1 20  

5  48  1 68  

6  48  21 6  

7  1 68  384  

8  1 68  552  

9  1 68  720  

1 0  1 68  888  

(opti onal )  1 1 2  1  000  

1 1  1 68  1  056  

1 2  1 68  1  224  

1 3  1 68  1  392  

1 4  1 68  1  560  

1 5  1 68  1  728  

1 6  1 68  1  896  

1 7  1 04  2  000  

 

J .4.2.1 .5  Calcu lations   

See  Clause  J . 5 .  

J .4.2.2  Fixed  geometry method  

J .4.2.2.1  Equ ipment  requ irements 

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  
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•  DC  power supply.  

•  DC  vol tmeter or  mu l timeter.   

•  I l l um inance  meter.  

J .4.2.2.2  Test  prerequisi tes 

The  DUT shal l  have  been  prepared  as  described  i n  Annex G .  

J .4.2.2.3  Apparatus 

The  apparatus  for  the  method  i s  s imply  any ded icated  space  i n  wh ich  the  DUT and  the  
photometer are  secured  so  they do  not  move  relati ve  to  one  another du ring  testing  and  so  no  
ou tside  l i gh t  i s  received .  Th is  cou ld  be  a  ded icated  area i n  a  "dark room"  i n  wh ich  the  
photosensor and  DUT are  secured ,  or  other s im i lar setup.   

J .4.2.2.4  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  Supply power to  the  l i gh ting  appl iance  accord ing  to  I . 4. 1 .  The  DUT and  the  photometer 
are  both  placed  i n  a  f i xed  locati ons  re lati ve  to  one  another for  the  duration  of  the  test.  
Care  shal l  be  taken  to  ensure  that  the  DUT and  the  photometer are  secured  such  that  
exactly  the  same al i gnment i s  main tained  for  each  measurement.  Care  shal l  al so  be  taken  
such  that  no  stray l i gh t  ( i . e .  ambien t  l i gh t,  l i gh t  from  other test  samples,  etc. )  i s  able  to  
reach  the  l i gh t  sensor.  

For DUTs  wi th  mu l tiple  i den tical  l i gh ti ng  appl iances,  i t  i s  on ly necessary to  measure  one  of  
each  type  of  i den tical  l i gh ting  appl iance;  therefore,  i t  i s  not  necessary for  al l  the  product’s  
l i gh ting  appl iances  to  be  runn ing  du ring  the  duration  of  the  test.  

EXAMPLE  The  DUT i ncl udes  th ree  d i fferen t  types  o f  l i g h t i ng  appl i ances  (e . g .  a  tube  l i gh t,  fou r  ambien t  l i g h t  
po i n ts ,  an d  two  m ore  focused  l i g h t  po i n ts) .  I n  th i s  case ,  th ree  o f  the  seven  l i g h ti ng  appl i ances  wou ld  be  
measu red  du ri ng  testi ng  – one  o f  each  l i g h ti n g  appl i ance  type.  

The  test  lab  shal l  determ ine  the  best  way to  test  mu l tiple  l i gh ting  appl iances.  I n  some 
cases,  i t  i s  possible  to  test  al l  o f  the  l i gh ti ng  appl iances  together ( for  example,  the  l i gh ting  
appl iances  are  smal l  and  can  be  placed  and  tested  together i ns ide  the  test  enclosure) .  I n  
o ther  cases,  the  l i gh ting  appl iances  shou ld  be  tested  i nd ividual l y  ( for example,  one  
l i gh ting  appl iance  i s  p laced  i ns ide  the  test  enclosure  and  the  others  are  powered  on  bu t  
l eft  ou tside  the  enclosure  du ring  the  test) .  

b)  Refer  to  Table  J . 2  for  the  m in imum  frequency at  wh ich  the  relati ve  i l l um inance  of  the  DUT,  
ambien t  temperature,  DUT vol tage,  and  curren t  are  measured  and  recorded .  The  vol tage  
measurement  shal l  be  made  as  close  to  the  DUT as  possible.  

c)  A data l ogger or a  l ux  meter  wi th  a  data- logg ing  function  may be  used  to  record  the  
i l l um inance  every hour.  

J .4.2.2.5  Calcu lations   

See  Clause  J . 5 .  

J .4.2.3  Photometer box method  

J .4.2.3.1  Equ ipment  requ irements 

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Photometer box that  i ncludes  an  i l l um inance  meter.  

•  DC  power supply.  

•  DC  vo l tmeter or  mu l timeter.   
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J .4.2.3.2  Test  prerequ isi tes  

The  DUT shal l  have  been  prepared  as  described  i n  Annex G .  

J .4.2.3.3  Apparatus  

The  apparatus  for  the  method  i s  a  photometer  box,  as  described  i n  the  fu l l -battery run  t ime  
test  (Annex M ) .  

J .4.2.3.4  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  Supply  power to  the  l i gh ti ng  appl iance  accord ing  to  I . 4. 1 .   

b)  The  relati ve  i l l um inance  i s  measured  us ing  the  photometer box.  

c)  The  l ocation  of  the  DUT i n  the  photometer box shal l  be  accurately  noted  to  ensure  exact  
repl icati on  of  al i gnment  and  orien tati on  for  each  measurement.  A pri n ted  photograph  of  
the  DUT placement wi th in  the  box i s  a  usefu l  reference  (Figure  J . 1 ) .  Al i gnment  marks  may 
also  be  used  to  ensure  repeatabi l i ty.   

For DUTs  wi th  mu l tiple  i den tical  l i gh ti ng  appl iances,  i t  i s  on ly necessary to  measure  one  of  
each  type  of  i den tical  l i gh ting  appl iance;  therefore,  i t  i s  not  necessary for  al l  the  product’s  
l i gh ting  appl iances  to  be  runn ing  during  the  duration  of  the  test.   

EXAMPLE  The  DU T i ncl udes  th ree  d i fferen t  types  o f  l i g h ti ng  appl i ances  (e . g .  a  tube  l i gh t,  fou r  ambien t  l i g h t  
po i n ts ,  and  two  more  focused  l i g h t  po i n ts .  I n  th i s  case ,  th ree  o f  the  seven  l i g h ti n g  appl i ances  wou l d  be  
measu red  du ri ng  testi ng  – one  o f  each  l i g h t i ng  appl i ance  type.  

The  test  lab  shal l  determ ine  the  best  way to  test  mu l tiple  l i gh ting  appl iances.  I n  some 
cases,  i t  i s  possible  to  test  al l  o f  the  l i gh ti ng  appl iances  together ( for  example,  the  l i gh ting  
appl iances  are  smal l  and  can  be  placed  and  tested  together i ns ide  the  test  enclosure) .  I n  
o ther  cases,  the  l i gh ting  appl iances  shou ld  be  tested  i nd ividual l y  ( for example,  one  
l i gh ting  appl iance  i s  p laced  i ns ide  the  test  enclosure  and  the  others  are  powered  on  bu t  
l eft  ou tside  the  enclosure  du ring  the  test) .  

d )  For the  fo l lowing  measurements,  the  DUT shal l  be  placed  i n  the  photometer  box wi th  
exactl y  the  same  al i gnment  and  orien tation .   

e )  Refer  to  Table  J . 2  for  the  m in imum  frequency at  wh ich  the  re lati ve  i l l um inance  of  the  DUT,  
ambien t  temperatu re,  DUT vo l tage,  and  cu rren t  are  measured  and  recorded .  The  vol tage  
measurement  shal l  be  made  as  close  to  the  DUT as  possible.  

f)  I n  the  case  that  the  DUT remains  i n  the  box th roughou t  the  du rati on  of  the  test,  a  data  
l ogger or  a  l ux  meter wi th  a  data- logg ing  function  may be  used  to  record  the  i l l um inance  
every hour.   

J .4.2.3.5  Calcu lations  

See  Clause  J . 5 .  

J .4.2.4  In tegrating  sphere method  

J .4.2.4. 1  Equ ipment  requ irements  

The  fo l lowing  equ ipment  i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  I n tegrating  sphere.  

•  DC  vo l tmeter or  mu l timeter.   

•  DC  ammeter.  

J .4.2.4.2  Test  prerequisi tes 

The  DUT shal l  have  been  prepared  as  described  i n  Annex G .  
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J .4.2.4.3  Apparatus  

I n tegrati ng  sphere.  

J .4.2.4.4  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  Supply  power to  the  l i gh ti ng  appl iance  accord ing  to  I . 4. 1 .  

b)  The  l um inous  f l ux  i s  measured  using  an  i n teg rating  sphere  system.   

For DUTs  wi th  mu l tiple  i den ti cal  l i gh ti ng  appl iances,  i t  i s  on ly necessary to  measure  one  of  
each  type  of  i den tical  l i gh ti ng  appl iances;  therefore,  not  al l  the  product’s  l i gh ti ng  appl iance  
need  to  be  runn ing  du ring  the  du ration  of  the  test.  

EXAMPLE  The  DUT i ncl udes  th ree  d i fferen t  types  o f  l i g h t i ng  appl i ances  (e . g .  a  tube  l i gh t,  fou r  ambien t  l i g h t  
po i n ts ,  an d  two  m ore  focused  l i g h t  po i n ts ) .  I n  th i s  case ,  th ree  o f  the  seven  l i g h ti ng  appl i ances  wou ld  be  
measu red  du ri ng  testi ng  – one  o f  each  l i g h t i ng  appl i ance  type.  

The  test  lab  shal l  determ ine  the  best  way to  test  mu l tiple  l i gh ting  appl iances.  I n  some 
cases,  i t  i s  possible  to  test  al l  o f  the  l i gh ting  appl iances  together ( for  example,  the  l i gh ting  
appl iances  are  smal l  and  can  be  placed  and  tested  together i ns ide  an  i n teg rating  sphere) .  
I n  o ther cases,  the  l i gh ti ng  appl iances  shou ld  be  tested  i nd ividual l y  ( for example,  one  
l i gh ting  appl iance  i s  placed  i ns ide  an  i n tegrati ng  sphere  and  the  others  are  powered  on  
bu t  l eft  ou ts ide  the  sphere  during  the  test) .  

c)  Refer to  Table  J . 2  for  the  m in imum  frequency at  wh ich  the  l um inous  f l ux  of  the  DUT,  
ambien t  temperature,  DUT vol tage,  and  cu rren t  are  measured  and  recorded .  The  vo l tage  
measurement  shal l  be  made  as  close  to  the  DUT as  possible.  

J .4.2.4.5  Calcu lations   

See  Clause  J . 5 .  

J .4.3  In i tial  screening  (500  h  test)  

The  l umen  main tenance  i n i tial  screen ing  test  i s  i den tical  to  the  fu l l  screen ing  test  wi th  the  
exception  of  the  test  duration ,  wh ich  i s  reduced  from  2  000  h  to  500  h .  Al l  fou r of  the  methods  
described  above  for  the  fu l l  screen ing  test  (photometer tube,  f i xed  geometry,  photometer  box,  
and  i n tegrating  sphere)  may be  used  for  the  i n i tial  screen ing  test.  Table  J . 3  shal l  be  used  for 
m in imum  testi ng  du rati on .  

Table  J .3  – Lumen  maintenance test  min imum frequency 
of  measurement  for  In i t ial  screen ing  test  

Measurement  number Time  i n terval   

h  

Cumu lati ve  t ime   

h  

1  0 , 33  (20  m i n )  0  

2  24  24  

3  48  72  

4  48  1 20  

5  48  1 68  

6  48  21 6  

7  1 68  384  

8  1 1 6  500  
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J .5  Calculations 

Lumen  main tenance  i s  calcu lated  by d ivid ing  the  f i nal  l i gh t  ou tpu t  read ing  by the  i n i ti al  l i gh t  
ou tpu t  read ing .  Lumen  main tenance  i s  always  reported  along  wi th  the  test  du ration .  

I f  the  l i gh t  ou tpu t  of  the  DUT ever drops  below 85  % of  the  i n i t ial  read ing ,  then  operati ng  
hours  at  wh ich  th is  occurs  shou ld  be  reported  as  L85 .   

EXAMPLE  I f  the  i n i t i al  read i ng  was  1  000  l x,  an d  read i ngs  d ropped  to  850  l x  after  850  h ,  then  L85  =  850  h .  

I f  the  l i gh t  ou tpu t  of  the  DUT at  the  end  of  the  2  000  hour  test  i s  g reater  than  85  % of  the  
i n i tial  read ing ,  the  L85  rati ng  wi l l  then  be  L85  >  2  000  h .  

J .6  Al ternate method  for testing  lumen  maintenance using  IESNA LM-80-08 

J .6.1  Background   

The  lumen  main tenance  of  an  LED  or LED  array con tained  i n  a  l i gh ti ng  product  can  be  
estimated  by measuring  the  LED  case  temperatu re(s)  (TC) .  Th is  measurement i s  compared  to  
I ESNA LM-80-08  data (m in imum  6  000  h )  from  the  LED  manu factu rer to  estimate  the  DUT’s  
l umen  main tenance  at  2  000  h .  

The  LED  case  temperatu re  (TC)  measurement  l ocati on ,  al so  sometimes  referred  to  as  the  
LED  temperatu re  measurement  poin t  (TMP) ,  i s  establ i shed  by the  LED  manu factu re.  TC  i s  
related  to  the  temperature  of  the  LED  d ie  and  i s  measured  by attach ing  a  thermocouple  as  
close  to  the  LED  componen t  as  possible  on  a prin ted  ci rcu i t  board  pad  ad jacen t  to  the  LED.  
Th is  measurement  l ocation  may be  one  of  the  LED  lead  pads  or  may be  a  separate,  
e lectrical l y  neu tral  pad  on  the  prin ted  ci rcu i t  board  con figu red  as  a  heat  s ink for  the  LED.  The  
LED  manu factu rer wi l l  have  i n formation  on  the  correct  TMP for  the  LED  that  was  used  du ring  
the  LM-80-08  tests.  The  DUT manu facturer  shal l  provide  a  TMP  for  the  LEDs  i n  the  product  
that  matches  the  TC  measurement  l ocati on  used  for the  LM-80  tests.  Th is  i s  o ften  done  by 
us ing  the  same prin ted  ci rcu i t  board  pad  con figu ration  that  was  used  for  the  LM-80  tests  i n  
the  design  of  the  DUT.  

Th is  LED  temperatu re  procedure  tests  the  i nstan taneous  LED  temperature  du ring  normal  
operati on  to  make  an  LED  l umen  main tenance  assessment.  I t  does  not  test  l onger duration  
operati on  of  the  LED  or LED  dri ve  ci rcu i try.  To  assess  the  abi l i ty  o f  the  DUT e lectron ics  to  
d ri ve  the  LED(s)  over a  l onger t ime  period ,  a  500  h  i n i t i al  screen ing  test  shal l  also  be  
performed  as  described  i n  J . 4. 3 .  

J .6.2  Test  prerequisi tes 

Th is  test  shal l  not  be  performed  un less  all o f  the  fo l lowing  cri teria  are  met.  

•  The  DUT manu facturer  has  suppl ied  the  DUT LED  componen t  speci fi cation(s) ,  i nclud ing  
the  complete  component  number and  the  LED  speci fi cati on  document  from  the  LED  
manu factu rer.  

•  The  DUT manu facturer  has  suppl i ed  I ESNA LM-80-08  (LM-80)  test  data for  the  LED(s)  
used  i n  the  l i gh ti ng  product.  LM-80  testing  i s  typical l y  done  by the  LED  manu factu rer.  The  
l aboratory perform ing  the  LM-80  test  shal l  be  accred i ted  to  do  th is  type  of  testing .   

•  The  DUT manu facturer has  suppl ied  an  LED  RMS drive  cu rren t  measurement  at  the  
product’s  h ighest  l i gh t  setti ng .   

•  The  LM-80  test  data i ncludes  an  LED  case  temperature  (TC)  and  LED  drive  cu rren t  h igher  
than  the  DUT’s  LED  case  temperatu re  and  dri ve  cu rren t.  

•  The  DUT i s  designed  i n  such  a  way as  to  al l ow temperatu re  measurement  of  the  LED  TC  
as  speci fi ed  by the  LED  manu factu rer.  
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•  The  DUT manu factu rer has  provided  i nstructions  and  d iag rams  showing  the  appropriate  
attachment  poin t  for  thermocouples  used  du ring  the  test.   

J .6.3  Procedure 

Perform  the  fo l lowing  procedure.  

a)  Review documentation  suppl i ed  by the  DUT manu factu rer to  con fi rm  that  the  DUT 
qual i fies  for  testi ng  us ing  th is  method.  

b)  Prepare  the  DUT for  LED  testing  as  ou tl i ned  i n  J . 6. 4  below.  

c)  Attach  thermocouples  to  one  or  more  LED(s)  as  ou tl i ned  i n  J . 6. 4  below.  

d )  Reassemble  the  product  and  ori en t  i n  i ts  normal  operating  posi t ion .  The  DUT shal l  be  
operated  i n  a  25  °C  ±  2  °C  sti l l  ai r  envi ronment  free  from  drafts ,  fans,  and  other ai r  
cu rren ts  that  cou ld  produce  forced  ai r  convecti ve  cu rren ts  and  con tribu te  to  the  cool i ng  of  
the  product.  

e)  Supply  power to  the  l i gh ti ng  appl iance  accord ing  to  I . 4. 1 .  

f)  Al l ow the  product  to  thermal l y  stabi l i ze  for  a  m in imum  of  1  h .  The  LED  case  temperatu res  
shou ld  be  mon i tored  to  con fi rm  thermal  s tabi l i zation .   

g )  Record  the  LED  case  temperatu re  (TC) .  

h )  Prepare  the  DUT for  i n i t ial  screen ing  and  perform  a  500  h  test  as  described  i n  J . 4. 3 .  

J .6.4  DUT preparation  and  LED thermocouple  attachment  gu idel ines  

The  LED(s)  i n  the  DUT shal l  be  accessed  to  al l ow the  attachment  of  thermocouple  wi res.  
When  open ing  the  DUT optical  housing  to  access  the  LED(s) ,  the  normal  operating  
envi ronment shal l  be  preserved  to  the  maximum  degree  possible.  Holes  dri l l ed  i n to  
compartments  shou ld  be  as  smal l  as  possible  and  covered  wi th  tape  to  preven t  add i ti onal  ai r  
movement  du ring  operation .  The  TC  l ocati on  of  the  LED(s)  shal l  be  accessible  to  al low 
thermocouple  attachment  wi thou t  d istu rbing  the  normal  operation  of  the  array.   

Smal l  gauge  Type  T thermocouples  (wi re  d iameter ≤  0 , 1 3  mm)  are  recommended  and  can  be  
read i l y  so ldered  to  copper ci rcu i t  board  pads.  Other thermocouples  are  acceptable  bu t  requ i re  
the  appropriate  so ldering  fl ux  and  can  be  d i ff i cu l t  to  so lder.  The  thermocouple  attachment,  
i nclud ing  any add i ti onal  so lder or  epoxy,  shal l  be  as  smal l  as  possible  to  preven t  an  add i t ional  
heat  conduction  pathway that  cou ld  arti fi cial l y  con tribu te  to  the  heat  s i nking  of  the  LED  
componen t.  LED(s)  wi th  l arge  thermal  pads  or  heat  s i nks  can  requ i re  preheating  to  faci l i tate  
soldering  the  thermocouple  to  the  TMP or  TC  measurement  l ocation .  

A thermocouple  shal l  be  attached  to  an  LED’s  temperature  measurement  poin t  by  so ldering  or  
g lu ing  usi ng  a  thermal ly  conducti ve  adhesive/epoxy.  The  attachment method  shal l  ensure  
adequate  thermal  con tact  between  the  thermocouple  and  the  TMP.  Thermocouple  wi re  shou ld  
be  rou ted  away from  d i rect  i l l um ination  by the  LED(s)  and/or  shou ld  be  sh ie lded  from  d i rect  
l i gh t  to  preven t  arti f i cial  heating  of  the  wi re.  Th is  can  usual l y  be  accompl i shed  wi th  wh i te  tape  
or  wh i te  heat-shrink tubing .  Tape  or  tubing  shou ld  not  cover the  LED  i n  a  way that  cou ld  
i ncrease  the  se l f-heating  of  the  LED  componen t.  

When  testing  a  DUT wi th  mu l tiple  LEDs  i n  an  LED  array,  the  test  l ab  shal l  attempt  to  i den ti fy  
the  LED  in  the  array that  wi l l  experience  the  h ighest  temperatu re  i n  operation .  I n  practi ce,  th i s  
i s  o ften  an  LED  located  i n  the  cen tre  of  the  array.  Measurements  on  mu l tiple  LEDs  i n  an  array 
may be  warran ted  to  adequately  i denti fy  the  TC  value  used  for  an  LM-80  assessment.  

J .6.5  Calcu lations   

The  LM-80  test  report  for  the  DUT LED  wi l l  con tain  l umen  main tenance  data for  LED  
temperatu re  measurements  at  55  °C,  85  °C,  and  one  add i t ional  temperature  chosen  by the  
LED  manu facturer.  These  measurements  are  performed  for  a  m in imum  duration  of  6  000  h  
and  wi l l  therefore  con tain  test  data at  2  000  h .   
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The  test  lab  shal l  compare  the  LM-80  data and  TC  to  estimate  the  l umen  main tenance  of  the  
product.  The  test  l ab  shal l  use  the  nearest  LM-80  data po in t  above  the  du ration  (>  2  000  h ) ,  
DUT TC  ,  and  LED  dri ve  cu rren t.  

EXAMPLE  I f  the  DUT TC i s  measu red  at  65  °C,  LM -80  data  at  85  °C  (or  g reater  th an  65  °C  when  avai l abl e)  wou l d  
be  used .  I f  the  DUT LED  d ri ve  cu rren t  i s  65  mA,  th e  LM -80  data  wou l d  be  at  d ri ve  cu rren ts  g reater  th an  65  m A.   

The  test  lab  shal l  report  the  l umen  main tenance  of  the  DUT as  the  l umen  main tenance  
measured  by the  nearest  (h igher cond i ti ons  for  TC  and  dri ve  curren t)  LM-80  test  data as  
speci fied  above.  

J .7 Reporting  

Report  the  fo l lowing  i n  the  l umen  main tenance  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu factu rer;  

– DUT name;  

– DUT model  number;  

– DUT setti ng ;  

– test  room  temperatu re  (°C) ;  

– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– d ri ve  cu rren t  (A) ;  

– d ri ve  vol tage  (V) ;  

– s tabi l i sation  t ime  (m in ) ;  

– l umen  main tenance  (note  i f  at  500  h ,  1  000  h ,  or  2  000  h )  (%) ;  

– L85  ( the  cumu lative  t ime  at  wh ich  the  l i gh t  ou tpu t  of  the  DUT fi rst  d rops  below 85  % of  
the  i n i t ial  read ing )  (h ) .  

•  Average  of  n  sample  resu l ts  for  each  l umen  main tenance  and  L85  DUT aspect  tested .  

•  Coefficien t  o f  variation  of  n  sample  resu l ts  for  each  l umen  main tenance  and  L85  DUT 
aspect  tested  (%) .  

•  DUT’s  rati ng  for  l umen  main tenance  and  L85  aspects  tested ,  i f  avai lable.  

•  Deviation  of  the  average  resu l t  from  the  DUT’s  rati ng  for  each  l umen  main tenance  and  L85  
aspect  tested ,  i f  avai lable  (%) .  

•  Comments:  

– i nd i vidual  comments,  as  necessary,  for samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  o f  samples  1  th rough  n.  

•  F i gu res:  

– plot  o f  l umen  main tenance  (see  example  i n  Figu re  J . 2) .  

•  Datasets:  

– table  wi th  al l  i l l um inance  or  f l ux,  ambien t  temperatu re,  DUT vo l tage,  and  cu rren t  
measurements.  
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Annex K 
(normative)  

 
Battery test  

 

K.1  Background  

The  battery test  i s  used  to  determine  a  DUT’s  actual  battery capaci ty and  round- trip  energy 
effi ciency.  Th is  i n formation  i s  usefu l  to  determ ine  i f  a  battery i s  m is label led  or  damaged .  
During  the  test,  the  battery i s  connected  to  a  battery analyser,  wh ich  performs  charge-
d ischarge  cycles  on  the  battery.  The  last  charge-d ischarge  cycle  data from  the  battery test  i s  
analysed  to  determ ine  the  actual  battery capaci ty  and  battery round- tri p  energy effi ciency.  

K.2  Test  outcomes 

The  test  ou tcomes  of  the  battery test  are  l i s ted  i n  Table  K. 1 .  

Table  K.1  – Battery test  outcomes 

Metric  Reporting  un i ts  Related  aspects  Note  

Battery capaci ty  
(Cb )  

M i l l i am pere-hou rs  
(mAh )  at  a  speci f i c  
d i scharge  cu rren t   

4 . 2 . 5 . 1  Battery 
capaci ty  

- -  

Battery  roun d- tri p  
en ergy eff i ci ency 
(ηb )  

Percen tage  (%)  4 . 2 . 5 . 2  Battery  
rou nd- tri p  energy 
e ff i ci ency 

At  l east  two  complete  charge-d i scharg e  
cycl es  are  requ i red  for  the  cal cu lati on .  

 

K.3  Related  tests 

The  battery test  resu l ts  are  i npu ts  to  the  fu l l -d ischarge  preparation  procedure  (Annex N ) ,  the  
so lar charge  test  (Annex R) ,  the  battery durabi l i ty  test  (Annex BB) ,  and  the  energy service  
calcu lations  (Annex GG) .   

K.4 Procedure 

K.4.1  General  

Table  K.2  con tains  battery testing  i n formation  speci fi c  to  the  f i ve  common  types  ( i . e .  
chemistries)  o f  batteries.  Th is  i n formation  i s  perti nen t  to  K.4.2. 4,  K. 4. 3 . 4,  K. 4. 4. 4,  and  K.4. 5.4.  

New or improved  battery technolog ies  cou ld  have  emerged  for  wh ich  Table  K.2  does  not  
con tain  i n formation .  The  test  l ab  shou ld  su ffi cien tl y  research  the  new or  improved  battery 
technology to  determ ine  appropriate  recommended  battery practices  for  that  new or  improved  
battery technology.  Commun ication  d i rectly  wi th  the  suppl i er  o f  the  DUT’s  battery i s  
recommended .  For example,  i f  the  battery under test  i s  a  l i th i um  battery bu t  i s  not  the  l i th i um  
i on  (3 , 7  V  nom inal  vol tage)  or  l i th i um  i ron  phosphate  chemistry,  al ternative  charg ing  and  
d ischarg ing  rates  and  end-of-cycle  vo l tage  parameters  shou ld  be  obtained ,  preferably  from  
the  battery suppl ier.  
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Table  K.2  – Recommended  battery testing  speci fications  according  to  battery chemistry   

Battery type  

Charg ing  Di scharg ing  

Charge  
rate  

I
t
 A  

Maximum  
charge  
vol tage   
V/cel l a  

End -of-
charge/ 
topping  

charge  rate  
I
t
 A  

End-of-
charge  t ime 
wi th  constant  

vol tage   

hb  

D i scharge 
rate  

I
t
 A  

End-of-
d ischarge  
vol tage   
V/cel l  

Valve-regu lated  
l ead-aci d  

0 , 1  2 , 40  0 , 05  1 0  0 , 1  1 , 80  

L i th i um- i on  0 , 2  4 , 20  0 , 05  1  0 , 2  3 , 00  

L i th i um  i ron  
phosphate  

0 , 2  3 , 60  0 , 01  1  0 , 2  2 , 50  

 

Battery type  

Charg ing  Discharg ing  

Charge  
rate  

I
t
 A  

Negati ve  
slope   
mV/cel l  

Overcharge   
(charge  
factor)c  

Part i al  charge  
duration   

hd  

D i scharge 
rate  

I
t
 A  

End-of-
d i scharge  
vol tage   
V/cel l  

N i ckel -metal  
h ydri de  

0 , 1  8 , 00  1 , 6  9  0 , 2  1 , 00  

N i ckel -cadm i um  0 , 1  8 , 00  1 , 6  9  0 , 2  1 , 00  

 
a   For  safety,  n ever  exceed  th e  battery  suppl i er's  speci f i ed  maxi mum  al l owable  vo l tage.  
b   After  a  battery i s  charged  to  a  speci f i ed  vo l tage ,  i t  may be  topped  o ff  u s i ng  th e  recomm ended  en d-of-charge/ 

toppi ng  charge  rate ,  or  al ternati vel y  the  battery  m ay be  topped  o ff  by supplyi ng  a  con stan t  vo l tage  ( the  
maxi mum  charge  vo l tag e)  over  th e  recommended  end -or-charg e  t im e.  

c   Som e  battery  anal ysers  are  not  equ i pped  to  end  a  charge  based  on  the  n egat i ve  s l ope  method .  To  ensu re  
th e  battery  i s  fu l l y  charged ,  an  al tern ati ve  opti on  i s  to  overcharge  the  battery.  

d   Th i s  val ue  i s  u sed  for  measu ri ng  the  battery e ff i ci ency on l y.  

 

K.4.2  Valve-regu lated  lead-acid  battery test  

K.4.2.1  General  

The  DUT’s  valve-regu lated  lead-acid  battery i s  cycled  on  a  battery analyser,  and  the  data 
from  the  f i nal  charge-d ischarge  cycle  i s  used  to  determ ine  the  DUT’s  actual  battery capaci ty 
and  round-tri p  energy effi ci ency.  

K.4.2.2  Equ ipment  requ irements 

A battery analyser meeting  the  requ i rements  i n  Table  CC.2  i s  requ i red .  

A DC  power supply  i s  needed  i n  some  cases,  depend ing  on  the  battery tested  and  the  battery 
analyser i n  use.  

K.4.2.3  Test  prerequisi tes 

The  battery may be  taken  ou t  o f  the  DUT for  th is  test,  i f  desi red .  The  DUT shal l  have  been  
prepared  as  described  i n  Annex G .  The  test  shal l  be  carried  ou t  at  20  °C  ±  5  °C.  

K.4.2.4  Procedure 

Perform  the  capaci ty  test  from  IEC  61 427-1 :201 3,  8 . 1  (wh ich  references  IEC  61 056-1 ) ,  wi th  
the  fo l l owing  mod i fi cations.  

•  Perform  a  m in imum  of  f i ve  charge-d ischarge  cycles  to  ensure  that  the  battery i s  
su ffi cien tl y  exercised  pri or  to  determ in ing  capaci ty  and  to  ensure  that  enough  data are  
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avai lable  to  calcu late  round-trip  energy effi ciency.  Use  the  f i nal  charge-d i scharge  cycle  to  
calcu late  the  battery’s  actual  capaci ty and  round-trip  energy effi ci ency.  

•  Carry ou t  the  test  at  20  °C  ±  5  K.  

•  The  battery shal l  be  kept  at  open  ci rcu i t  for  1  h  to  24  h  after  charg ing  before  starti ng  each  
d ischarge.  ( I t  i s  not  necessary to  wai t  5  h  as  requ i red  by IEC  601 56-1 . )  

•  Equ ipment  need  not  meet  the  accuracy requ i rements  of  I EC  61 427-1 :201 3  or  I EC  61 056-1 ,  
provided  that  i t  meets  the  requ i rements  of  Table  CC.2.  

•  Record  the  cu rren t  at  an  i n terval  o f  1  m in  or  l ess.  

I f  the  battery con tains  i n ternal  ci rcu i try  (refer to  F. 4.3 . 5)  and  e i ther the  battery analyser wi l l  
not  s tart  the  test  or  the  tester  decides  that  the  resu l ts  from  the  test  are  unexpected  or  fau l ty  i n  
some  way,  the  test  may be  repeated  wi th  the  battery analyser connected  on  the  battery s ide  
of  the  i n ternal  ci rcu i try ,  i f  the  test  laboratory determ ines  that  i t  i s  safe  to  do  so.   

I f  the  battery wi l l  be  stored  after  undergoing  th i s  test,  charge  the  battery us ing  the  charge  
i n formation  i n  Table  K. 2  and  d i sconnect  the  battery from  the  DUT.  Charge  the  battery every 
s i x  mon ths,  or every th ree  months  i f  s tored  at  a  temperatu re  g reater  than  30  °C.  

I f  the  battery analyser does  not  recogn ize  the  battery upon  starti ng  any of  the  above  steps,  
the  battery vo l tage  cou ld  have  d ropped  below the  battery analyser’s  m in imum  threshold .  I f  
th is  i s  the  case,  a  power supply  shal l  be  used  to  charge  the  battery i n  accordance  wi th  
I EC  61 427-1 :201 3  before  the  DUT’s  battery capaci ty  i s  determined .  

K.4.2.5  Calcu lations   

Perform  the  fo l lowing  calcu lations.  

a)  Determ ine  the  total  energy i npu t  i n to  the  DUT’s  battery du ring  the  fi nal  charge  cycle  (Ec)  
us ing  the  fo l l owing  formu la:  

 

where  

Ec   i s  the  energy en tering  the  battery du ring  the  charge  cycle,  i n  watt∙ hours  (Wh) ;  

Vc   i s  the  vol tage  recorded  du ri ng  the  charge  cycle,  i n  vol ts  (V) ;  

Ic   i s  the  curren t  recorded  du ri ng  the  charge  cycle,  i n  amperes  (A) ;  

∆t  i s  the  t ime  i n terval  between  measurements,  i n  hours  (h ) .  

b)  Determ ine  the  total  energy ou tpu t  from  the  DUT’s  battery du ring  the  f i nal  d i scharge  cycle  
using  the  fo l l owing  formu la:   

 

where  

Ed   i s  the  battery’s  energy ou tpu t  du ring  the  d ischarge  cycle,  i n  watt∙ hours  (Wh) ;  

Vd   i s  the  vol tage  recorded  du ri ng  the  d i scharge  cycle,  i n  vo l ts  (V) ;  

Id  i s  the  current  recorded  du ring  the  d ischarge  cycle,  i n  amperes  (A) ;  

∆t  i s  the  t ime  i n terval  between  measurements,  i n  hours  (h ) .  

c)  Determ ine  the  DUT’s  battery capaci ty  wi th  data from  the  f i nal  d i scharge  cycle  us ing  the  
fo l l owing  formu la:   

 

where  

C   i s  the  measured  battery capaci ty,  i n  ampere-hours  (Ah ) ;  
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Id   i s  the  curren t  recorded  du ri ng  the  d ischarge  cycle,  i n  amperes  (A) ;  

∆t i s  the  t ime  i n terval  between  measurements,  i n  hours  (h ) .  

d )  Correct  the  capaci ty  to  the  reference  temperatu re  of  25  °C  us ing  the  fo l l owing  formu la 
( from  IEC  60896-21 ) ,  wi th  λ  set  to  0 , 006  K-1 :  

 

where  

Ca   i s  the  actual  battery capaci ty,  i n  ampere-hours  (Ah ) ;  

C   i s  the  measured  battery capaci ty,  i n  amperes  (A) ;  

λ  i s  0 , 006  K-1 .  

T i s  the  battery temperatu re  at  the  start  o f  the  fi nal  d i scharge  cycle,  i n  deg rees  Cels ius  
(°C) .  

e)  Determ ine  the  DUT’s  battery round- trip  energy effi ci ency us ing  the  fo l lowing  formu la:  

c

d
b

E

E
=η

 

where   

ηb   i s  the  battery’s  round- trip  energy effi ciency;  

Ed   i s  the  battery’s  energy ou tpu t  du ring  the  fi nal  d i scharge  cycle,  i n  watt∙ hours  (Wh) ;  

Ec  i s  the  energy i npu t  to  the  battery duri ng  the  fi nal  charge  cycle,  i n  watt∙ hours  (Wh) .  

Report  the  actual  capaci ty ( i . e .  the  value  that  has  been  corrected  to  25  °C) .  

K.4.3  N ickel -metal  hydride  battery test  

K.4.3.1  General  

The  DUT’s  n i ckel -metal  hydride  battery i s  cycled  on  a  battery analyser,  and  the  data from  the  
f i nal  charge-d ischarge  cycle  i s  used  to  determ ine  the  DUT’s  actual  battery capaci ty  and  
battery round-trip  energy effi ciency.  

The  n ickel -metal  hydride  battery test  procedure  refers  to  the  fo l l owing  charg ing  methods.  

•  Negative  s lope  charg ing  method :  the  battery i s  charged  un ti l  the  vol tage  decreases  from  
i ts  maximum  value  by the  amoun t  g iven  i n  Table  K. 2.  

•  Overcharge  charg ing  method :  the  battery i s  charged  at  constan t  cu rren t  for  a  f i xed  
duration  g i ven  by the  fo l l owing  formu la:  

 

where  

Tc  i s  the  du ration  of  the  charge  cycle,  i n  hours  (h ) ;  

OC i s  the  overcharge  (charge  factor)  value  g iven  i n  Table  K.2;  

Cb  i s  the  measured  or  rated  battery capaci ty,  i n  m i l l i ampere-hours  (mAh) ;  

Ic  i s  the  charge  cu rren t,  i n  m i l l i amperes  (mA) ;  

K.4.3.2  Equ ipment  requ irements  

A battery analyser meeting  the  requ i rements  i n  Table  CC.2.  
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K.4.3.3  Test  prerequ isi tes  

The  battery may be  taken  ou t  o f  the  DUT for  th i s  test,  i f  desi red .  The  DUT shal l  have  been  
prepared  as  described  i n  Annex G .  The  test  shal l  be  carri ed  ou t  at  20  °C  ±  5  °C.  As  speci fied  
i n  I EC  61 951 -2:201 1 ,  the  test  shal l  be  carried  ou t  at  a  re lative  humid i ty  of  65  % ±  20  %.  

K.4.3.4  Procedure 

Perform  the  capaci ty test  from  IEC  61 951 -2:201 1 ,  7 . 2 ,  wi th  the  fo l lowing  mod i fi cations.  

•  Perform  a  m in imum  of  f i ve  charge-d ischarge  cycles  to  ensure  that  the  battery i s  
su ffi cien tly  exercised  prior  to  determ in ing  capaci ty and  to  ensure  that  enough  data are  
avai lable  to  calcu late  round-trip  energy effi ci ency.  Use  the  fi nal  charge-d i scharge  cycle  to  
calcu late  the  battery’s  actual  capaci ty and  round-trip  energy effi ciency.  

•  Record  the  cu rren t  at  an  i n terval  of  1  m in  or  l ess.  

I f  the  battery con tains  i n ternal  ci rcu i try  (refer  to  F. 4.3 . 5)  and  e i ther  the  battery analyser wi l l  
not  s tart  the  test  or  the  tester decides  that  the  resu l ts  from  the  test  are  unexpected  or  fau l ty  i n  
some way,  the  test  may be  repeated  wi th  the  battery analyser connected  on  the  battery s ide  
of  the  i n ternal  ci rcu i try ,  i f  the  test  laboratory determ ines  that  i t  i s  safe  to  do  so.  

I f  the  battery analyser does  not  recogn ize  the  battery upon  starting  any of  the  above  steps,  
the  battery ou tpu t  cou ld  have  dropped  to  0  V.  I f  th is  i s  the  case,  a  constan t-curren t  charge  as  
speci fied  i n  Table  K.2  of  Annex K from  a power supply  may be  used  to  bring  the  battery ou t  o f  
a  0  V state  of  charge  before  the  DUT’s  battery capaci ty i s  determ ined .  

N ickel -based  batteries  need  not  be  charged  prior to  storage;  however,  batteries  shou ld  be  
d isconnected  from  the  DUT pri or  to  l ong - term  storage  to  avoid  polari ty  reversal .  I t  i s  often  
conven ien t  to  end  the  battery test  wi th  a  charge  to  al low for  fu rther testi ng .  

K.4.3.5  Calcu lations  

Perform  the  fo l lowing  calcu lations.  

a)  Determ ine  the  total  energy i npu t  i n to  the  DUT’s  battery du ring  the  f i nal  charge  cycle  (Ec)  
us ing  the  fo l l owing  formu la:  

 

where  

Ec   i s  the  energy en tering  the  battery du ring  the  charge  cycle,  i n  watt∙ hours  (Wh) ;  

Vc   i s  the  vol tage  recorded  du ri ng  the  charge  cycle,  i n  vol ts  (V) ;  

Ic   i s  the  curren t  recorded  du ri ng  the  charge  cycle,  i n  amperes  (A) ;  

∆t  i s  the  t ime  i n terval  between  subsequen t  data poin ts,  i n  hours  (h ) .  

b)  Determ ine  the  total  energy ou tpu t  from  the  DUT’s  battery du ring  the  f i nal  d i scharge  cycle  
using  the  fo l l owing  formu la:   

 

where  

Ed   i s  the  battery’s  energy ou tpu t  du ring  the  d ischarge  cycle,  i n  watt∙ hours  (Wh) ;  

Vd   i s  the  vol tage  recorded  du ri ng  the  d i scharge  cycle,  i n  vo l ts  (V) ;  

Id   i s  the  curren t  recorded  du ri ng  the  d ischarge  cycle,  i n  amperes  (A) ;  

∆t i s  the  t ime  i n terval  between  subsequen t  data poin ts,  i n  hours  (h ) .  

c)  Determ ine  the  DUT’s  battery capaci ty  wi th  data from  the  fi nal  d i scharge  cycle  us ing  the  
fo l l owing  formu la:   
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where  

Cb   i s  the  measured  battery capaci ty,  i n  m i l l i ampere-hours  (mAh) ;  

Id   i s  the  curren t  recorded  du ri ng  the  d ischarge  cycle,  i n  m i l l i amperes  (mA) ;  

∆t i s  the  t ime  i n terval  between  subsequen t  cu rren t  data,  i n  hours  (h ) .  

d )  Determ ine  the  DUT’s  battery effi ciency us ing  the  fo l lowing  formu la:  

c

d
b

E

E
=η

 

where   

ηb   i s  the  battery round- trip  energy effi ciency;  

Ed   i s  the  battery’s  energy ou tpu t  du ring  the  d ischarge  cycle,  i n  watt∙ hours  (Wh) ;  

Ec  i s  the  energy i npu t  to  the  battery duri ng  the  charge  cycle,  i n  watt∙ hours  (Wh) .  

K.4.4  Li th ium-ion  battery test  

K.4.4.1  General  

The  DUT’s  l i th ium- ion  battery i s  cycled  on  a  battery analyser,  and  the  data from  the  fi nal  
charge-d ischarge  cycle  i s  used  to  determ ine  the  DUT’s  actual  battery capaci ty  and  battery 
round-trip  energy effi ciency.  

K.4.4.2  Equ ipment  requ irements 

A battery analyser meeting  the  requ i rements  i n  Table  CC.2  i s  requ i red .  

For battery packs  con tain ing  more  than  one  cel l  i n  series,  a  protection  ci rcu i t  that  mon i tors  
the  vol tage  of  each  cel l  (or each  set  of  cel l s  connected  i n  paral le l )  shal l  be  used  during  
charg ing ,  i f  th i s  functional i ty  i s  not  i ncorporated  i n to  the  battery pack.  Th is  functional i ty  may 
be  bu i l t  i n to  the  battery analyser or may be  a  separate  piece  of  equ ipment.  The  vo l tage  of  
each  i nd ividual  ce l l  (or  each  set  of  cel l s  connected  i n  paral le l )  shou ld  not  be  al l owed  to  
exceed  the  maximum  battery testing  vo l tage  g iven  i n  Table  L. 2  un less  manu factu rer-provided  
battery speci fi cati ons  i nd icate  that  such  operati on  can  be  performed  safely.  The  temperature  
of  each  i nd ividual  ce l l  shou ld  not  be  al l owed  to  exceed  45  °C.  Care  shou ld  be  taken  that  any 
vol tage  drop  i n troduced  by the  protection  ci rcu i t  (e. g .  re lay con tact  res istance)  does  not  affect  
the  resu l ts .  

The  use  of  a  battery protection  ci rcu i t  o ther than  the  one  i ncorporated  i n to  the  DUT can  affect  
the  usable  capaci ty  of  the  battery.  I n  cases  where  the  test  resu l ts  are  d ispu ted  for  th i s  reason ,  
the  battery capaci ty  may also  be  evaluated  by d i sassembl ing  the  battery pack and  perform ing  
the  test  on  a  s i ng le  ce l l  (or  set  o f  ce l l s  connected  i n  paral le l ) .  The  cel l  or  paral l e l  g rouping  of  
ce l l s  shou ld  be  se lected  at  random  for  each  DUT.  The  capaci ty  of  the  en ti re  pack may be  
assumed  to  be  equal  to  the  capaci ty of  the  se lected  cel l  or  paral le l  g rouping  of  cel l s .  I f  the  
battery under test  i s  to  be  used  for  fu rther  testing ,  care  shou ld  be  taken  to  retu rn  al l  ce l l s  o f  
the  battery to  a  balanced  state  of  charge  prior  to  fu rther testi ng ,  e . g .  by fu l l y  d i scharg ing  or  
charg ing  the  cel l s  under test  to  match  the  rest  of  the  battery pack’s  state  of  charge.  

K.4.4.3  Test  prerequ isi tes  

The  battery may be  taken  ou t  of  the  DUT for  th is  test,  i f  desi red .  The  DUT shal l  have  been  
prepared  as  described  i n  Annex G .  The  test  shal l  be  carried  ou t  at  20  °C  ±  5  °C.  As  speci fied  
i n  I EC  61 960:201 1 ,  the  test  shal l  be  carried  ou t  i n  s ti l l  ai r.  

K.4.4.4  Procedure 

Perform  the  capaci ty  test  from  IEC  61 960:201 1 ,  7 . 3 . 1 ,  wi th  the  fo l l owing  mod i fi cations.  
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•  Perform  a  m in imum  of  f i ve  charge-d ischarge  cycles  to  ensure  that  the  battery i s  
su ffi cien tly  exercised  pri or  to  determ in ing  capaci ty  and  to  ensure  that  enough  data are  
avai lable  to  calcu late  round-trip  energy effi ciency.  Use  the  fi nal  charge-d i scharge  cycle  to  
calcu late  the  battery’s  actual  capaci ty and  round- trip  energy effi ci ency.  

•  Charge  and  d i scharge  the  battery us ing  the  i n formation  i n  Table  K.2  – calcu lated  us ing  the  
battery’s  rated  capaci ty.  

•  Record  the  cu rren t  at  an  i n terval  o f  1  m in  or  l ess.  

I f  the  battery con tains  i n ternal  ci rcu i try  (refer  to  F. 4.3 . 5)  and  e i ther  the  battery analyser wi l l  
not  s tart  the  test  or  the  tester decides  that  the  resu l ts  from  the  test  are  unexpected  or  fau l ty  i n  
some  way,  the  test  may be  repeated  wi th  the  battery analyser connected  on  the  battery s ide  
of  the  i n ternal  ci rcu i try,  i f  the  test  laboratory determ ines  that  i t  i s  safe  to  do  so.  

I f  the  battery wi l l  be  stored  after undergoing  th is  test,  charge  the  battery us ing  the  charge  rate  
speci fied  i n  Table  K. 2  for  2 , 5  h  ( i . e . ,  s tore  at  50  % state  of  charge)  and  d isconnect  the  battery 
from  the  DUT.  

I f  the  battery analyser does  not  recogn ize  the  battery upon  starti ng  any of  the  above  steps,  
the  battery cou ld  have  been  d isconnected  by i ts  i n ternal  protection  ci rcu i t.  I n  th is  case,  the  
vo l tage  at  the  battery term inals  wi l l  be  zero,  wh ich  can  preven t  the  battery analyser from  
recogn iz ing  the  battery.  I n  th is  s i tuati on ,  a  cu rren t- l im i ted  constan t-vol tage  charge,  at  a  
cu rren t  no  h i gher than  that  speci fi ed  i n  Table  K. 2  of  Annex K from  a  power supply  may be  
requ i red  to  re-enable  the  battery before  the  DUT’s  battery capaci ty  i s  determ ined .  I f  the  cel l  
vo l tage  has  decreased  below 2 , 5  V for l i th i um  i ron  phosphate  or  3 , 0  V  for o ther l i th ium- ion ,  
perform  the  charge  at  0 , 1  It  A.  The  vo l tage  shal l  not  exceed  the  value  g iven  i n  Table  K. 2.  I t  i s  
recommended  to  set  the  power supply  to  the  l owest  possible  vo l tage  that  wi l l  al low the  battery 
analyser to  recogn ize  the  battery and  complete  the  charge  cycle.  I f  the  battery i s  suspected  to  
be  damaged,  i t  shou ld  not  be  charged  using  th i s  method .  I t  can  be  necessary to  bypass  the  
battery’s  i n ternal  protection  ci rcu i t  to  perform  th is  step;  i n  th is  case,  the  cel l  vo l tage  shou ld  be  
measured  prior  to  charg ing  the  battery to  ensure  that  i t  has  not  d ropped  below the  m in imum  
battery testing  vol tage  g iven  i n  Table  L. 1 .  I f  the  battery vol tage  has  dropped  below the  
m in imum  battery testi ng  vol tage,  charg ing  the  battery can  be  unsafe;  the  test  l aboratory 
shou ld  d i scon tinue  the  test  i f  i n  the  tester’s  d iscreti on  i t  wou ld  be  unsafe  to  con tinue.  

K.4.4.5  Calcu lations   

Perform  the  same  calcu lations  l i s ted  i n  K.4.3 . 5.  

K.4.5  Li th ium  i ron  phosphate  battery test  

K.4.5.1  General  

The  DUT’s  l i th ium  i ron  phosphate  battery i s  cycled  on  a  battery analyser,  and  the  data from  
the  fi nal  charge-d ischarge  cycle  i s  used  to  determ ine  the  DUT’s  actual  battery capaci ty and  
battery round-tri p  energy effi ciency.  

K.4.5.2  Equ ipment  requirements  

A battery analyser meeting  the  requ i rements  i n  Table  CC.2  i s  requ i red .  

For battery packs  con tain ing  more  than  one  cel l  i n  series,  a  protecti on  ci rcu i t  that  mon i tors  
the  vo l tage  of  each  cel l  (or each  set  of  cel l s  connected  i n  paral le l )  shal l  be  used  du ring  
charg ing ,  i f  th i s  functional i ty  i s  not  i ncorporated  i n to  the  battery pack.  Th is  functional i ty  may 
be  bu i l t  i n to  the  battery analyser or may be  a  separate  piece  of  equ ipment.  The  vo l tage  of  
each  i nd ivi dual  ce l l  (or  each  set  o f  cel l s  connected  i n  paral le l )  shou ld  not  be  al lowed  to  
exceed  the  maximum  battery testing  vo l tage  g iven  i n  Table  L. 2  un less  manu facturer-provided  
battery speci fi cations  i nd i cate  that  such  operation  can  be  performed  safely.  The  temperatu re  
of  each  i nd ivi dual  ce l l  shou ld  not  be  al lowed  to  exceed  45  °C.  Care  shou ld  be  taken  that  any 
vo l tage  drop  i n troduced  by the  protection  ci rcu i t  (e. g .  re lay con tact  res istance)  does  not  affect  
the  resu l ts .  



I EC  TS  62257-9-5:201 6    I EC  201 6  – 1 47  – 

The  use  of  a  battery protection  ci rcu i t  other than  the  one  i ncorporated  i n to  the  DUT can  affect  
the  usable  capaci ty  of  the  battery.  I n  cases  where  the  test  resu l ts  are  d ispu ted  for  th i s  reason ,  
the  battery capaci ty  may also  be  evaluated  by d isassembl ing  the  battery pack and  perform ing  
the  test  on  a  s i ng le  ce l l  (or  set  of  cel l s  connected  i n  paral lel ) .  The  cel l  or  paral l e l  g rouping  of  
ce l l s  shou ld  be  se lected  at  random  for  each  DUT.  The  capaci ty  of  the  en ti re  pack may be  
assumed  to  be  equal  to  the  capaci ty of  the  se lected  cel l  or  paral le l  g rouping  of  ce l l s .  I f  the  
battery under test  i s  to  be  used  for  fu rther testing ,  care  shou ld  be  taken  to  return  al l  cel l s  o f  
the  battery to  a  balanced  state  of  charge  prior  to  fu rther  testi ng ,  e . g .  by fu l l y  d i scharg ing  or  
charg ing  the  cel l s  under test  to  match  the  rest  o f  the  battery pack’s  state  of  charge.  

K.4.5.3  Test  prerequ isi tes  

The  battery may be  taken  ou t  of  the  DUT for  th is  test,  i f  desi red .  The  DUT shal l  have  been  
prepared  as  described  i n  Annex G .  The  test  shal l  be  carried  ou t  at  20  °C  ±  5  °C.  As  speci fied  
i n  I EC  61 960:201 1 ,  the  test  shal l  be  carried  ou t  i n  s ti l l  ai r.  

K.4.5.4  Procedure 

Fol low the  procedure  i n  K. 4.4. 4.   

K.4.5.5  Calcu lations   

Perform  the  same calcu lations  l i s ted  i n  K.4.3 . 5.  

K.5 Reporting  

Report  the  fo l lowing  i n  the  battery test  report.  

•  Metadata:  

– report  name 

– procedure(s)  used  

– DUT manu factu rer 

– DUT name 

– DUT model  number 

– name of  test  l aboratory 

– approving  person  

– date  of  report  approval  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– battery capaci ty  (Ah)  and  correspond ing  d i scharge  cu rren t  ( i n  terms  of  It  A) ;  

– battery round-trip  energy effi ciency (%) .  

•  Average  of  n  sample  resu l ts  for  each  DUT aspect  tested .  

•  Coefficien t  of  variation  of  n  sample  resu l ts  for  each  DUT aspect  tested  (%) .  

•  DUT’s  rati ng  for  aspects  tested ,  i f  avai lable .  

•  Deviation  of  the  average  resu l t  from  the  DUT’s  rating  for each  aspect  tested ,  i f  
avai lable  (%) .  

•  Comments:  

– i nd ividual  comments,  as  necessary,  for  samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  o f  samples  1  th rough  n.  
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Annex L 
( in formative)  

 
Battery testing  recommended  practices 

 

L.1  Background  

Several  tests  i n  th i s  part  o f  I EC  62257  i nvolve  charg ing  or  d ischarg ing  a  battery:  

•  Du ring  the  charge  con trol ler behaviou r test  (Annex S) ,  the  DUT’s  battery i s  e i ther charged  
or  d i scharged  to  determ ine  i f  the  DUT has  appropriate  deep  d ischarge  protection  and  
overcharge  protection .   

•  Du ring  the  g rid  charge  test  (Annex O) ,  solar charge  test  (Annex R) ,  and  e lectromechan ical  
charge  test  (Annex P) ,  the  DUT’s  battery i s  charged .  

•  Du ring  the  fu l l -battery run  t ime  test  (Annex M ) ,  the  DUT’s  battery i s  d i scharged .  

I n  some  cases,  i t  i s  not  known  whether the  DUT provides  su ffi cien t  protection  to  avoid  
damage  to  the  battery or test  apparatus  or  i n ju ry  to  test  l aboratory personnel .  Annex L  
provides  recommended  charg ing  and  d ischarg ing  practi ces  to  prevent  damage  to  the  DUT 
and  ensure  safety  of  test  personnel .  

A variety  of  battery chemistry  types  are  used  i n  products  meeti ng  the  scope  of  th i s  part  o f  
I EC  62257,  poten tial l y  i nclud ing  types  that  were  not  i n  common  use  at  the  date  of  publ i cation .  
The  i n formation  i n  Table  L. 1  and  Table  L. 2  i s  i n tended  to  preven t  damage  to  the  DUT and  test  
apparatus  and  ensure  safety of  test  personnel  for  most  common  battery types.  When  possible,  
battery speci fi cati ons  shou ld  be  obtained  from  the  battery manu factu rer to  evaluate  whether 
the  protection  strategy used  by the  DUT i s  appropriate  for  the  speci fi c  battery used .  

L.2  Deep d ischarge protection  speci fications by battery type 

Table  L. 1  con tains  recommended  battery deep  d i scharge  protecti on  vol tages  and  m in imum  
battery vol tages  for  fou r common  types  ( i . e .  chemistries)  o f  batteries.  I f  the  product  or  battery  
manu facturer  has  not  provided  an  appropriate  deep  d ischarge  protection  vol tage  cu toff  design  
value  for  the  battery i n  the  manu factu rer se l f-reported  i n formation  (Annex D) ,  the  i n formation  
i n  Table  L. 1  may be  used  when  determ in ing  i f  the  DUT has  appropriate  deep  d i scharge  
protection .  

Table  L. 1  con tains  two  vo l tage  values  for  each  battery type.  The  "recommended  deep  
d i scharge  protection  vol tage"  i s  the  recommended  setpoin t  for the  DUT’s  deep d ischarge  
protection  ( l ow vol tage  d isconnect) .  The  to lerance  g i ven  i s  i n tended  to  accoun t  for 
measurement  uncertain ty  both  i n  the  DUT and  i n  the  laboratory apparatus.  The  "m in imum  
battery testi ng  vo l tage"  i s  i n tended  to  ensure  laboratory personnel  safety  and  prevent  
immed iate,  permanent  damage  to  the  battery.  The  test  l aboratory shou ld  immed iately stop  
charg ing  a  battery i f  the  battery vo l tage  reaches  the  m in imum  testing  vo l tage.   

I f  the  DUT does  not  have  appropriate  deep d i scharge  protection ,  the  DUT’s  battery can  be  
damaged  du ri ng  the  fu l l -battery run  t ime  and  the  charge  con tro l ler  behaviour tests.  As  an  
opti on ,  the  tester may i ncorporate  a  l ow-vol tage  d i sconnect  device  that  wi l l  s top  a DUT’s  
d i scharge  when  the  DUT’s  battery reaches  the  m in imum  battery testi ng  vo l tage  speci fi ed  i n  
Table  L. 1 .   
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Table  L.1  – Recommended  battery deep  d ischarge protection  
vol tage speci fications  according  to  battery chemistry 

Battery type  

Deep  d i scharge  protection  vol tage  

V/cel l  
M in imum  battery 
testi ng  vol tage  

V/cel l  Recommended  M in imum  Maximum  

Valve-regu lated  l ead -aci d  ≥  1 , 87  1 , 82  - -  none  

Li th i um- i on  ≥  3 , 00  2, 95  - -  2 , 50  

Li th i um  i ron  phosph ate  ≥  2 , 50  2, 45  - -  2 , 00  

N i ckel -metal  h ydri de  =  1 , 00  0 , 95  1 , 1 0  a  0 , 80  b  

a   These  l i m i ts  for  N iM H  batteri es  on l y  appl y  to  batteri es  wi th  mu l t i pl e  ce l l s  i n  seri es.  There  i s  n o  person nel  
safety  ri sk from  d i scharg i ng  batteri es  bel ow th i s  l i m i t,  bu t  there  i s  a  ri sk o f  po lari ty  reversal ,  wh i ch  can  cause  
i rrevers i bl e  damage  to  the  battery.  There  i s  n o  l ower  vo l tage  l i m i t  for  s i ng le-cel l  N iMH  batteri es .  

b   The  i n ten t  o f  th i s  u pper l i m i t  i s  to  preven t  reversi b le  capaci ty  l oss  due  to  vo l tage  depression  ( "memory 
effect" )  resu l t i ng  from  parti al  d i scharge.  

 

L.3  Overcharge protection  speci fications by battery type 

Table  L. 2  con tains  recommended  battery overcharge  protection  vo l tages  and  maximum  
battery vo l tages  and  cel l  temperatu res  speci fi c  to  four  common  types  ( i . e . ,  chemistries)  o f  
batteries.  I f  the  product  or battery manu factu rer has  not  provided  an  appropriate  overcharge  
protection  vo l tage  cu toff  or  maximum  cel l  temperatu re  design  value  for  the  battery i n  the  
manu factu rer sel f- reported  i n formation  (Annex D) ,  the  i n formation  i n  Table  L. 2  may be  used  
when  determ in ing  i f  the  DUT has  appropriate  overcharge  protection .  The  maximum  cel l  
temperatu re  shou ld  not  be  exceeded  at  any t ime  when  the  battery i s  being  charged .  

Table  L. 2  con tains  two  vo l tage  values  for  each  battery type.  The  "recommended  overcharge  
protection  vo l tage"  i s  the  recommended  setpoin t  for  the  DUT’s  overcharge  protection  
(overvol tage  protecti on) .  The  to lerance  g i ven  i s  i n tended  to  accoun t  for  measurement  
uncertain ty  both  i n  the  DUT and  i n  the  l aboratory apparatus.  The  "maximum  battery testing  
vol tage"  i s  i n tended  to  ensure  laboratory personnel  safety  and  preven t  immed iate,  permanent 
damage  to  the  battery.  The  test  l aboratory shou ld  immed iately  stop  charg ing  a  battery i f  the  
battery vo l tage  reaches  the  maximum  testing  vol tage.   

Table  L.2  – Recommended  battery overcharge protection  vol tage 
and  temperature  speci fications  accord ing  to  battery chemistry  

Battery type  

Overcharge  protection  vol tage  

V/cel l  

Maximum  
battery testi ng  

vol tage  

V/cel l  

Maximum  
charg ing  

temperature  

°C  Recommended  M in imum  Maximum  

Valve-regu lated  l ead-aci d  =  2 , 40  2 , 35  2 , 45  2 , 60  45  

Li th i um- i on  ≤  4 , 20  - -  4 , 25  4 , 26  45  

Li th i um  i ron  phosphate  ≤  3 , 65  - -  3 , 70  3 , 85  45  

N i ckel -metal  h ydri de  ≤  1 , 45  - -  1 , 50  1 , 51  60  
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Annex M  
(normative)  

 
Fu l l -battery run  time test  

 

M.1  Background  

The  fu l l -battery run  t ime  captu res  one  of  the  key system-performance  metrics  from  a  user’s  
perspective.  I t  combines  the  re lationsh ip  between  battery capaci ty,  ci rcu i t  effi ciency,  and  
l i gh ting  system  power consumption  under real i sti c  operating  cond i ti ons.   

I n  general  terms,  the  fu l l -battery run  t ime  test  i nvolves  operati ng  a  DUT wi th  a  fu l l y  charged  
battery un ti l  the  l i gh t  ou tpu t  has  decreased  to  some  pre-defined  m in imum  value  (70  % i n  th i s  
case) .  

)()( ivvrelv, tt ΦΦΦ =  

where  

Φv, re l  i s  the  DUT’s  re lati ve  l um inous  fl ux,  expressed  i n  l umens  ( lm) ;  

Φv(t)  i s  the  DUT’s  l um inous  fl ux,  expressed  i n  l umens  ( lm) ,  correspond ing  to  70  % of  the  
DUT’s  i n i t ial  l um inous  f l ux;  

Φv(ti )  i s  the  DUT’s  i n i ti al  l um inous  fl ux,  expressed  i n  l umens  ( lm) .  

The  fu l l -battery run  t ime  i s  defined  as  when  Φv, re l  reaches  70  % of  the  i n i t ial  l um inous  fl ux  
Φv(ti ) . 1 )  To  ensure  that  the  DUT i s  measured  i n  i ts  thermal  balance  and  wi th  stabi l i zed  battery 
vo l tage  (after i n i t ial  vo l tage  d rop) ,  the  i n i t ial  l um inous  fl ux  i s  measured  20  m in  i n to  the  DUT’s  
d ischarge.  

M.2  Test  outcomes 

The  test  ou tcomes  of  the  fu l l -battery run  time  test  are  l i s ted  i n  Table  M . 1 .  

___________ 

1 )  Th i s  l im i t  was  chosen  s i nce  a  decrease  of  more  than  30  %  i s  c l earl y  vi s i bl e  for  human  eyes  accord i ng  to  the  
Al l i ance  for  so l i d -s tate  i l l um inati on  systems  and  techno l og i es  (ASSI ST) .  
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Table  M.1  – Fu l l -battery run  t ime test  outcomes 

Metric  Reporting  
un i ts  

Related  aspects  Notes  

Fu l l -battery  run  t ime,  to  
L70  

H ou rs  (h )  4 . 2 . 8 . 5  Li gh t i ng  fu l l -
battery ru n  t i me  

Run  t i me  to  70  %  o f  i n i t i al  l i g h t  ou tpu t.  

Averag e  re l at i ve  l i g h t  
ou tpu t,  th roug h  L70  

%  4 . 2 . 9 . 1  Average  
l um i nous  f l u x  ou tpu t  

4 . 2 . 9 . 3  Average  l i g h t  
d i s tri bu ti on  
characteri s ti cs  

The  average  RLO operati ng  po i n t  
determ i nes  the  operati ng  po i n t  for  
m aki ng  l i g h t  ou tpu t  measu remen ts.  

Average  battery vo l tag e  
and  cu rren t  at  average  
re l ati ve  l i g h t  ou tpu t  ( i . e . ,  
the  "average  operat i ng  
po i n t" )  

Vol tage  (V)  and  
cu rren t  (mA)   

4 . 2 . 9 . 1  Average  
l um in ous  f l u x  ou tpu t  

4 . 2 . 9 . 3  Average  l i g h t  
d i s tri bu ti on  
characteri s t i cs  

Th i s  operat i ng  po i n t  i s  u sed  to  m ake  
l i g h t  ou tpu t  measu remen ts .  

Average  power over the  
L70  ru n  t i m e  

Watts  (W)  4 . 2 . 8 . 5  Li gh ti ng  fu l l -
battery ru n  t ime  

Average  power d raw over  the  run  t i me  
wh i l e  l i g h t  ou tpu t  i s  over 70  % o f  i n i t i al  
l i g h t  ou tpu t .  

Energy removed  from  the  
battery over  the  L70  ru n  
t i me  

Watt∙ hou rs  
(Wh )  

4 . 2 . 8 . 5  Li gh ti ng  fu l l -
battery  run  t i me  

Total  energ y rem oved  over the  run  t i me  
wh i l e  l i g h t  ou tpu t  i s  over 70  % o f  i n i t i al  
l i g h t  ou tpu t .  

Acti ve  deep  d i scharge  
protecti on  

Yes/no  4 . 2 . 3 . 1 3  Battery 
protecti on  s trateg y  

- -  

Deep  d i scharge  
protecti on  vo l tag e  

Vo l ts  (V)  4 . 2 . 3 . 1 3  Battery 
protecti on  s trateg y  

Measu red  on l y  i f  th e  DUT has  acti ve  
deep  d i scharg e  protecti on .  

Passi ve  deep  d i scharge  
protecti on  

Yes/no  4 . 2 . 3 . 1 3  Battery 
protecti on  s trateg y  

- -  

Passi ve  deep  d i scharge  
protecti on  battery  
vo l tage  at  24  h  

Vo l ts  per  ce l l  
(V/ce l l )  

4 . 2 . 3 . 1 3  Battery 
protecti on  s trateg y  

Requ i red  on l y  i f  tested  for  pass i ve  deep  
d i scharge  protecti on .  

 

M.3  Related  tests 

Annex M  i s  related  to  the  charge  con tro l ler  behaviour test  (Annex S) .  The  average  operati ng  
poin t  i n formation  from  M .4. 1 . 6  i s  used  to  set  up  the  l i gh t  ou tpu t  test  (Annex I )  and  l i gh t  
d i stribu ti on  test  (Annex T) .   

M.4 Procedure 

M.4.1  Fu l l -battery run  t ime test  

M.4.1 .1  General  

The  DUT i s  set  i n  the  measurement  cavi ty  and  tu rned  on  i n  order to  record  i ts  l i gh t  ou tpu t  
over the  du ration  of  i ts  d i scharge.  

M.4.1 .2  Equ ipment  requ irements  

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  I n teg rati ng  sphere,  or  o ther approved  measurement  cavi ty.  

•  Data- logg ing  i l l um inance  meter.  

•  Battery analyser.  

•  Vo l tage  data l ogger.  

•  Cu rren t  data l ogger (e . g .  vo l tage  data logger and  curren t  transducer) .  
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•  Low-vol tage  d isconnect  device  that  wi l l  s top  a  DUT’s  d i scharge  when  the  DUT’s  battery 
reaches  a  speci fi ed  vo l tage  (recommended) .  

The  total  series  resistance  added  by the  test  apparatus  and  al l  measurement equ ipment  shal l  
be  no  more  than  60  mΩ .  Th is  value  i ncludes  the  resistance  of  the  wi res  and  connectors,  i f  any,  
added  i n  the  sample  preparation  procedure  (G .4.4) .  

M.4.1 .3  Test  prerequisi tes  

Cycle  the  DUT’s  battery accord ing  to  the  procedures  i n  the  battery test  annex (Annex K)  and  
the  i n formation  i n  the  battery testi ng  recommended  practi ces  annex (Annex L) .   

M.4.1 .4  Apparatus 

The  fu l l -battery run  t ime  test  requ i res  an  accurate  measurement of  re lati ve  l i gh t  ou tpu t  over  
time.  I n  practice,  th i s  means  us ing  an  i n tegrating  sphere  or  a  fi xed-geometry measurement 
cavi ty  to  measure  the  i l l uminance  level 2 )  under constan t  cond i ti ons.  Three  approved  
measurement  cavi ti es  are  l i s ted  below i n  order  of  preference 3) . The  l i gh ti ng  measurement  i s  
taken  i nd i rectl y  (reflected)  i n  the  f i rst  two  types,  wh i le  i t  i s  taken  d i rectly  i n  the  l ast  type.  

•  I n teg rati ng  sphere.  

•  A  se l f-bu i l t  photometer  box wi th  a  baffled  measurement  of  i l l um inance  on  a  port  ( i . e .  an  
" i n tegrating  cube"  as  shown  i n  Figu re  M . 1 ) .   

•  A  darkened  room  or  cabinet  wi th  d i rect  i l l um inance  measurement  under f i xed  geometry.   

 

Figure  M.1  – Interior view of  photometer  box with  suspended  l ight  

M.4.1 .5  Procedure 

Before  measurement,  fu l l y  charge  the  battery us ing  one  of  the  two  procedures  accord ing  to  
the  DUT’s  battery chemistry:   

•  I f  the  DUT’s  battery i s  o f  N iMH  chemistry,  then  use  the  procedures  i n  the  battery test  
(Annex K)  – e i ther the  overcharge  or  negative  s lope  charg ing  methods  i n  K. 4.3 . 1 .   

___________ 

2)  A  measu rement  o f  i l l u m i nance  i n  a  f i xed  g eometry  (such  as  a  dark room  or  i so l ated  box)  i s  always  d i rectl y  
proport i onal  i n  a  l i near fash ion  to  the  l um inous  f l u x  of  a  l amp.  Therefore ,  f i xed -geometry  m easu remen ts  o f  
i l l um i nance  m ay be  u sed  i n  p l ace  o f  l u m i nous  f l u x  measu remen ts  for  th i s  test ,  wh i ch  re l i es  on  re lat i ve  l i g h t  
ou tpu t  to  i nd i cate  th e  en d  o f  a  d i scharge  cycl e.   

3)  Any o f  th ese  cavi t i es  can  resu l t  i n  i den ti cal  est i mates  for  fu l l -battery  run  t ime.  The  preference  order  i s  re l ated  to  
the  deg ree  o f  operator care  requ i red  to  mai n tai n  a  f i xed  geometry  i n  each ,  wi th  a  preference  for  cavi t i es  whose  
re l ati ve  measu rem en t  i s  l ess  sensi t i ve  to  smal l  chang es  i n  the  system  (e . g .  from  acci den tal l y  bumpi ng  i n to  th e  
cavi ty  du ri ng  a  test) .  

IEC  
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•  I f  the  DUT’s  battery i s  o f  any other chemistry,  then  use  the  procedures  i n  the  acti ve  
overcharge  protection  test  (S.4.2) .  I f  the  DUT’s  so lar modu le  has  not  yet  been  tested ,  then  
set  up  the  apparatus  accord ing  to  Figu re  S. 1  and  set  the  cu rren t  l im i t  to  the  rated  
maximum  power po in t  curren t  at  STC,  Impp .   

The  run  t ime  test  may be  started  between  1  h  and  1 0  h  after  the  DUT has  fi n ished  receiving  
i ts  fu l l  charge.  

a)  Set  and  secure  the  DUT i ns ide  the  test  cavi ty  such  that  i t  i s  s table  and  cannot  be  j ostled .  
Posi ti on  the  d i recti on  of  l i gh t  i nd i rectl y  towards  the  i l l um inance  meter for  an  i n tegrati ng  
sphere  or photometer box measurement  cavi ty.  Posi t ion  the  d i recti on  of  l i gh t  d i rectl y  
towards  the  i l l um inance  meter for  a  darkened  room/cabinet  or tube  measurement  cavi ty.   

b)  Prepare  the  vo l tage  data l ogger to  measure  vol tage  across  the  DUT’s  battery term inals  at  
i n tervals  of  1  m in  or  l ess.  Prepare  the  curren t  data l ogger to  measure  the  cu rren t  exi t i ng  
the  DUT’s  battery at  the  negative  battery term inal  at  i n tervals  of  1  m in  or  l ess.  I f  i t  i s  
unclear i f  the  DUT has  deep  d ischarge  protection  for  i ts  battery,  the  tester may prepare  
the  l ow-vol tage  d isconnect  device  so  that  i t  s tops  the  DUT’s  d ischarge  i f  the  DUT’s  battery 
reaches  the  m in imum  battery testi ng  vo l tage  speci fi ed  i n  Annex L.  

NOTE  I n  case  o f  pu l se-wi d th  modu lat i on  (PWM)  con tro l l ers ,  al i as i ng  e ffects  (beat  e ffects)  can  occu r due  to  u n -
syn ch ron i sed  PWM  frequency and  sampl i ng  frequency o f  the  cu rren t  l ogger.  Th i s  can  l ead  to  "chaot i c"  
measu rem ents  wh i ch  are  d i ff i cu l t  to  i n terpret.  

c)  The  l i gh t  i s  swi tched  on  at  the  correct  bri gh tness  setti ng  and  the  measurement  i s  s tarted .  
Li gh t  ou tpu t  ( l uminous  f l ux  for  the  i n tegrating  sphere;  i l l um inance  for  o ther measurement  
devices)  shou ld  be  recorded  every m inu te,  at  a  m in imum.  

d )  The  i n i ti al  l i gh t  ou tpu t  i s  measured  after  20  m in  (ti ) .  Th is  defines  the  po in t  at  wh ich  relati ve  
l i gh t  ou tpu t  (RLO)  i s  1 00  %.  I n  the  case  where  the  DUT’s  l i gh t  ou tpu t  cascades  i n  s teps  
wh i le  i t  d i scharges  and  the  DUT’s  l i gh t  ou tpu t  steps  down  to  a  d immer setti ng  pri or  to  
having  been  on  for  20  m in :  the  test  lab  shou ld  make  a  note  and  ad just  the  L70  d i scharge  
period  to  represen t  the  setting  i n  wh ich  the  DUT was  tested  for.  

e)  The  test  shou ld  be  con ti nued  un ti l  the  RLO reaches  1 0  % or  l ess  ( i . e.  the  l i gh t  ou tpu t  
measurement  i s  1 0  % of  the  value  at  ti ) .  

M.4.1 .6  Calcu lations 

Analyse  the  t ime-series  l i gh t  ou tpu t  data to  estimate  the  L70  run  t ime,  the  average  relati ve  
l i gh t  ou tpu t,  and  the  operating  characteristi cs  (vo l tage  and  cu rren t)  that  correspond  to  the  
average  re lati ve  l i gh t  ou tpu t.  Analyse  the  time-series  cu rren t  and  vo l tage  data to  estimate  the  
average  power over the  L70  run  time  and  the  total  energy removed  from  the  battery over the  
L70  run  t ime.  

a)  The  end  of  the  L70  d i scharge  period  i s  reached  when  the  RLO i s  70  % of  the  i n i t ial  value  
at  ti  ( i . e . ,  the  l i gh t  ou tpu t  i s  70  %) .  The  resu l t  shal l  be  noted ,  expressed  i n  hours  (h ) .  

b)  I f  an  i n tegrati ng  sphere  was  u ti l i zed ,  use  the  l um inous  fl ux  averaged  over the  L70  run  time.   

c)  The  recorded  data shou ld  be  presented  i n  a  g raph  such  as  the  one  shown  i n  Figu re  M .2  
for  each  brigh tness  level  (Fi gure  M . 2  shows  on ly  the  resu l t  o f  one  brigh tness  level ) .  The  
g raph  shou ld  i nclude  the  fu l l  d i scharge,  beg inn ing  at  0  m in ,  and  may i nclude  RLO values  
g reater than  1 00  %.  I f  more  than  one  bri gh tness  level  are  tested ,  prepare  a  separate  
g raph  for  each  test.  
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Key 

t  T i me  (m i n )  

Φ  Re l ati ve  l i g h t  ou tpu t  (%) ,  wh i ch  i s  d i rectl y  proport i onal  to  the  l u m i nous  f l u x  ou tpu t  

 

1  20  m i n  from  poi n t  DUT i s  tu rned  on  

2  ti ,  t im e  when  RLO i s  defi ned  as  1 00  % 
3  L70  reach ed  (RLO i s  70  %)  

4  t70 ,  t ime  when  RLO i s  70  % 

Figure  M.2  – Plot  of  example  resu l ts  from  the  fu l l -battery run  t ime test  

d)  Determ ine  the  average  power over the  L70  run  t ime  (Pb, i)  us ing  the  fo l l owing  formu la:  

 

where  

Pb, i  i s  the  average  power exi ti ng  the  battery over the  L70  run  time,  i n  watts  (W) ;  

Ib, i  i s  the  cu rren t  exi ti ng  the  battery over the  L70  run  time,  i n  amperes  (A) ;  

Vb, i  i s  the  vol tage  exi t i ng  the  battery over the  L70  run  t ime,  i n  vol ts  (V) ;  

n  i s  the  total  number of  cu rren t  and  vol tage  measurements  over the  L70  run  t ime  
(un i tless) .  

e )  Determ ine  the  energy removed  from  the  battery over the  L70  run  t ime  (Eb, i)  us ing  the  
fo l l owing  formu la:  

 

where  

Eb, i  i s  the  energy exi ti ng  the  battery over the  L70  run  t ime,  i n  watt∙ hours  (Wh) ;  

Ib, i  i s  the  cu rren t  exi ti ng  the  battery over the  L70  run  time,  i n  amperes  (A) ;  

Vb, i  i s  the  vol tage  exi t i ng  the  battery over the  L70  run  t ime,  i n  vol ts  (V) ;  
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ti  i s  the  du ration  of  t ime  associated  wi th  each  curren t  and  vo l tage  po in t  over the  L70  
run  time,  i n  hours  (h ) .  

f)  Determ ine  the  average  re lati ve  l i gh t  ou tpu t  du ring  the  L70  run  t ime  (RLOavg ) .  

g )  Create  a  table  l i s ti ng  the  re lative  l i gh t  ou tpu t  and  cu rren t  as  a  functi on  of  vol tage  operati ng  
poin t  for  the  steady-state  operating  period  – defi ned  as  the  period  beg inn ing  20  m in  i n to  
the  tests  (when  RLO i s  defi ned  as  1 00  %)  and  end ing  at  the  L70  po in t.  The  table  shou ld  
l i s t  each  operating  vol tage  du ring  the  period  i n  i ncrements  of  0 , 01  V.  The  average  relati ve  
l i gh t  ou tpu t  and  average  cu rren t  shou ld  be  found  based  on  al l  the  steady state  poin ts  that  
fal l  i n to  each  vol tage  "bin . "   

h )  Determ ine  the  operating  vo l tage  (Vavg )  and  cu rren t  (Iavg )  that  correspond  to  the  average  
operating  poin t  (RLOL70 )  based  on  the  table.  

M.4.2  Fu l l -battery run  t ime test  wi th  deep d ischarge protection  measurement  

M.4.2.1  General  

The  DUT i s  set  i n  the  measurement  cavi ty  and  swi tched  on  to  run  wh i le  record ing  i ts  l i gh t  
ou tpu t,  battery vo l tage,  and  curren t  over the  durati on  of  i ts  d i scharge.  

M.4.2.2  Equ ipment  requirements  

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  I n teg rati ng  sphere,  or  o ther appropriate  optical  cavi ty  or  dark room/closet.  

•  Data- logg ing  i l l um inance  meter.  

•  Battery analyser.  

•  Vo l tage  data l ogger.   

•  Cu rren t  data l ogger (e . g .  vo l tage  data l ogger and  cu rren t  transducer) .  

•  Low-vol tage  d isconnect  device  that  wi l l  s top  a  DUT’s  d ischarge  when  the  DUT’s  battery 
reaches  a  speci fi ed  vo l tage  (recommended) .  

M.4.2.3  Test  prerequ isi tes  

Cycle  the  DUT’s  battery accord ing  to  the  procedures  i n  the  battery test  annex (Annex K)  and  
the  i n formation  i n  the  battery testi ng  recommended  practi ces  annex (Annex L) .  

M.4.2.4  Apparatus  

The  fu l l -battery run  t ime  wi th  deep  d ischarge  protecti on  measurement method  requ i res  the  
same  apparatus  as  the  fu l l -battery run  t ime  test  (Annex M ) .   

M.4.2.5  Procedure 

The  procedure  for  the  fu l l -battery run  t ime  test  combined  wi th  deep  d i scharge  protecti on  
measurement  i s  equ ivalen t  to  the  procedure  for  the  fu l l -battery run  t ime  test  (M .4. 1 . 5) ,  wi th  
the  add i ti on  that  the  DUT shal l  remain  on  un ti l  i t  reaches  the  product’s  LVD,  the  battery 
vo l tage  fal l s  below the  value  set  on  the  optional  l ow-vol tage  d i sconnect  device,  or  the  DUT 
con tinues  to  remain  on  for  24  h  after  i t  reaches  i ts  L70  run  time.  When  perform ing  th is  
procedure,  take  note  of  the  DUT’s  operating  cu rren t,  wh ich  may be  used  to  ensure  the  DUT i s  
operating  at  the  same  setting  du ring  other  tests.  I f  the  l ow-vol tage  d i sconnect  device  stops  
the  DUT’s  d i scharge  du ring  the  test,  record  that  the  battery vo l tage  reached  the  m in imum  
battery testing  vo l tage  and  that  no  deep  d i scharge  vo l tage  was  observed.   

I f  the  battery con tains  i n ternal  ci rcu i try  (refer  to  F. 4. 3 . 5)  and  the  measured  deep  d i scharge  
protection  vo l tage  i s  ou ts ide  of  the  targets  speci fi ed  by the  manu factu rer (D .3 .2.2)  or  the  
DUT’s  battery fal l s  below the  recommended  deep  d i scharge  protecti on  vol tage  speci fi ed  i n  
Annex L,  the  test  may be  repeated  wi th  the  vo l tage  data l ogger connected  on  the  battery s ide  
of  the  i n ternal  ci rcu i try,  i f  the  test  l aboratory determines  that  i t  i s  safe  to  do  so.  
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M.4.2.6  Calcu lations 

Analyse  the  t ime-series  l i gh t  ou tpu t  data to  estimate  the  L70  run  t ime  and  the  average  relati ve  
l i gh t  ou tpu t  during  the  period  (see  M .4. 1 . 6) .  Analyse  the  t ime-series  cu rren t  and  vol tage  data 
to  estimate  the  average  power over the  L70  run  t ime,  the  total  energy removed  from  the  
battery over the  L70  run  t ime,  the  average  relati ve  l i gh t  ou tpu t  du ring  the  L70  run  t ime,  and  the  
operating  vol tage  (Vavg )  and  cu rren t  (Iavg )  that  correspond  to  the  average  operati ng  po in t  
(RLOL70 )  (see  M .4. 1 . 6) .  Al so,  determ ine  i f  the  DUT has  acti ve  or  passive  deep  d ischarge  
protection  i ncorporated  i n to  i ts  charge  con tro l ler  and  determ ine  the  deep d ischarge  protecti on  
vo l tage.  

I f  the  DUT has  acti ve  deep  d ischarge  protection ,  one  of  two  observations  wi l l  be  seen :  an  
abrupt  drop  wi l l  occu r i n  the  DUT’s  l i gh t  ou tpu t  and  curren t  f l ow wi l l  qu ickly decrease  to  0  A,  
or  a  re lati vely  qu ick drop  wi l l  occu r i n  the  DUT’s  l i gh t  ou tpu t  and  cu rren t  wi l l  u l t imately  
decrease  to  0  A.  At  the  i nstan t  before  the  l i gh t  ou tpu t  reaches  zero,  the  DUT’s  battery vo l tage  
i s  the  acti ve  deep d i scharge  protection  vol tage  cu toff.   

a)  Report  i f  acti ve  deep  d i scharge  protection  was  observed  i n  the  DUT.  

b)  I f  the  DUT has  acti ve  deep  d i scharge  protecti on ,  report  the  DUT’s  acti ve  deep d ischarge  
protection  vol tage,  i n  vol ts  (V) .  The  battery vo l tage  typical l y  decreases  un ti l  reach ing  i ts  
acti ve  deep  d ischarge  protecti on  po in t.  After the  acti ve  deep d i scharge  protecti on  po in t  i s  
reached ,  typical l y  the  l i gh t  tu rns  off  and  the  battery vol tage  i ncreases.  Determ ine  the  
acti ve  deep  d ischarge  protecti on  vo l tage  by i den ti fyi ng  the  battery vol tage  j ust  before  the  
battery vo l tage  i ncreases.   

I f  the  DUT does  not  have  acti ve  deep  d ischarge  protection ,  the  product  cou ld  have  
passive  deep  d i scharge  protection .  I f  the  DUT has  passive  deep  d i scharge  protection ,  a  
g radual  decrease  wi l l  occur  i n  the  DUT’s  l i gh t  ou tpu t  and  cu rren t  wi l l  g radual l y  decrease  to  
a  relati vely l ow value.  I f  the  DUT’s  battery vo l tage  i s  g reater  than  or  equal  to  the  se lected  
deep d ischarge  protection  vol tage  (see  M .4. 2.5)  th reshold  24  h  after  i t  reaches  i ts  L70  run  
t ime,  then  the  product  has  appropriate  passive  deep  d i scharge  protecti on .   

c)  Report  i f  passive  deep  d i scharge  protection  was  observed  i n  the  DUT.  

d )  I f  the  DUT has  passive  deep d ischarge  protection ,  report  the  DUT’s  passive  deep 
d i scharge  protection  vol tage  at  24  h ,  i n  vol ts  (V) .  The  battery vo l tage  typical l y  con ti nues  to  
decrease  du ring  the  24  hours  after  the  DUT reaches  i ts  L70  run  t ime.  Determine  the  
passive  deep  d i scharge  protection  vo l tage  by i den ti fying  the  battery vo l tage  24  h  after  the  
DUT reaches  i ts  L70  run  t ime.  

M.5  Reporting  

Report  the  fo l lowing  i n  the  fu l l -battery run  time  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu facturer;  

– DUT name;  

– DUT model  number;  

– DUT setti ng ;  

– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– run  time  to  L70  (h ) ;  

– average  relati ve  l i gh t  ou tpu t  du ring  the  run  t ime  period  (RLOavg ) ;  
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– average  operati ng  poin t  that  corresponds  to  RLOavg ,  Vavg  (V) ,  and  Iavg  (mA) ;  

– average  power over the  L70  run  time  (W) ;  

– energy removed  from  the  battery over the  L70  run  t ime  (Wh) ;  

– presence  of  acti ve  deep  d ischarge  protecti on ,  i f  appl icable  (yes/no) ;  

– acti ve  deep  d ischarge  protecti on  vo l tage,  i f  appl icable  (V) ;  

– presence  of  passive  deep  d ischarge  protection ,  i f  appl icable  (yes/no) ;  

– passive  deep  d i scharge  protection  vo l tage  at  24  h ,  i f  appl i cable  (V) .  

•  Average  of  n  sample  resu l ts  for  each  DUT aspect  tested .  

•  Coefficien t  of  variation  of  n  sample  resu l ts  for  each  DUT aspect  tested  (%) .  

•  DUT’s  rati ng  for  aspects  tested ,  i f  avai lable .  

•  Deviation  of  the  average  resu l t  from  the  DUT’s  rating  for  each  aspect  tested ,  i f  
avai lable  (%) .  

•  Comments:  

– i nd ividual  comments,  as  necessary,  for samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  col lecti ve  set  o f  samples  1  th rough  n.  

•  F i gures;  

– p lot  showing  the  l um inous  fl ux  ( lm)  against  the  run  t ime  (m in ) ,  as  i n  Figu re  M .2.  

•  Table  showing  re lati ve  l i gh t  ou tpu t  and  cu rren t as  a  function  of  operati ng  vol tage,  as  
described  above.  
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Annex N  
(normative)  

 
Fu l l  d ischarge preparation  

 

N.1  Background  

Prior  to  starti ng  selected  run  time  tests,  a  DUT shal l  be  fu l l y  d i scharged .  When  perform ing  the  
fu l l -battery run  t ime  test  (Annex M ) ,  a  DUT i s  considered  fu l l y  d ischarged  when  i t  reaches  i ts  
L70 .  Th is  i s  the  po in t  at  wh ich  the  DUT provides  70  % of  the  i n i ti al  l i gh t  ou tpu t.  The  i n i t ial  l i gh t  
ou tpu t  i s  the  l i gh t  ou tpu t  read ing  taken  at  m inu te  20  of  the  DUT’s  fu l l -battery run  t ime.  

The  g rid  charge  test  (Annex O) ,  e lectromechan ical  charge  test  (Annex P) ,  and  so lar charge  
test  (Annex R)  use  a  speci fi ed  charge  cycle  and  the  DUT’s  i n i t ial  s tate  of  charge  wi l l  i n fluence  
the  DUT’s  performance  during  the  charge.  I t  i s  importan t  that  the  DUT be  set  to  a  prescribed  
state  of  charge  to  s imu late  a  fu l l  d i scharge  prior  to  commencing  the  se lected  run  t ime  tests  so  
the  resu l ts  are  repeatable  and  comparable  across  products.  

N.2  Test  outcomes 

There  are  no  fu l l  d i scharge  preparation  procedures  ou tcomes.  

N.3  Related  tests 

The  fu l l  d i scharge  preparation  procedures  shal l  be  performed  on  al l  DUTs  prior  to  conducting  
the  g ri d  charge  test  (Annex O) ,  e l ectromechan ical  charge  test  (Annex P) ,  and  so lar charge  
test  (Annex R) .  

N.4 Procedure 

N.4.1  General  

Each  DUT i s  fu l l y  d i scharged  prior  to  starting  selected  run  t ime  tests.  

N.4.2  Equ ipment  requ irements 

One  of  the  fo l l owing  two  pieces  of  equ ipment  i s  requ i red  for  the  fu l l  d i scharge  preparation .  
Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

a)  Battery analyser wi th  the  vol tage,  cu rren t,  and  capaci ty  measurement  to lerances  speci fi ed  
i n  C lause  4  of  I EC  61 951 -2:201 1 .  

b)  Timer d i sconnect  device  consisting  of  a  d i g i tal  t imer and  a  re lay that  can  break the  
connection  between  the  DUT’s  ci rcu i t  and  i ts  battery (e . g .  an  AC  d i g i tal  t imer combined  
wi th  an  AC-actuated  mechan ical  re lay) .  

N.4.3  Test  prerequ isi tes  

Before  measurement,  fu l l y  charge  the  battery us ing  one  of  the  two  procedures  accord ing  to  
the  DUT’s  battery chemistry.  

•  I f  the  DUT’s  battery i s  o f  N iMH  chemistry,  then  use  the  procedures  i n  the  battery test  
(Annex K)  – e i ther  the  overcharge  or  negative  s lope  charg ing  methods  i n  K. 4. 3. 1 .   

•  I f  the  DUT’s  battery i s  o f  any other  chemistry,  then  use  the  procedures  i n  the  acti ve  
overcharge  protection  test  (S.4.2) .  I f  the  DUT’s  so lar modu le  has  not  yet  been  tested ,  then  
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set  up  the  apparatus  accord ing  to  Figure  S. 1  and  set  the  cu rren t  l im i t  to  the  rated  
maximum  power po in t  curren t  at  STC,  Impp .   

Any fo l lowing  steps  may be  started  between  1  h  and  1 0  h  after  the  DUT has  fi n ished  receiving  
i ts  fu l l  charge.  

N.4.4  Procedure 

N .4.4.1  General  

Products  general l y  have  one  of  f i ve  types  of  d ischarge  cu rves.  

a)  A constan t  l i gh t  ou tpu t  wi th  a  sharp  tu rn-off  when  the  product  reaches  i ts  l ow-vol tage  
d isconnect  (LVD)  such  that  the  l i gh t  ou tpu t  does  not  d rop  below the  L70  pri or  to  tu rn ing  off.  

b)  A re lati vely constan t  l i gh t  ou tpu t  that  beg ins  to  decrease  i n  l i gh t  ou tpu t  j ust  prior  to  
experiencing  a  sharp  tu rn -off  when  the  product  reaches  i ts  LVD  such  that  the  l i gh t  ou tpu t  
does  d rop  below the  L70  pri or  to  tu rn ing  off.  

c)  A cascade  of  constan t  l i gh t  ou tpu ts  such  that  the  product  steps  down  i n  i ts  l i gh t  setti ng  
du ring  i ts  d i scharge,  o ften  reach ing  an  LVD  after provid ing  some  l i gh t  i n  i ts  l owest  setti ng .  

d )  A g radual l y  decreasing  l i gh t  ou tpu t  as  the  product  d i scharges,  reach ing  an  LVD  after 
h i tt i ng  i ts  L70 .  

e )  A g radual l y  decreasing  l i gh t  ou tpu t  as  the  product  d ischarges  wi th  no  LVD.  

I f  the  product  d ischarges  as  type  a) ,  proceed  wi th  procedure  A (N .4.4. 2) .  I f  the  product  
d ischarges  as  type  b) ,  c) ,  d ) ,  or  e) ,  proceed  wi th  e i ther  procedure  B1  (N .4. 4.3)  or  procedure  
B2  (N . 4.4.4) .   

N.4.4.2  Procedure  A 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  Set  the  DUT in  a  secure  l ocation .  

b)  Tu rn  the  DUT on  i n  the  setting  that  i t  wi l l  be  tested  i n  for  the  se lected  run  time  test.  

c)  Al l ow the  DUT to  d ischarge  un in terrupted  un ti l  i ts  LVD  au tomatical l y  tu rns  i t  o ff.  

d )  After the  DUT fi n i shes  d i scharg ing ,  wai t  at  l east  60  m in  pri or  to  commencing  the  se lected  
run  time  test.  

N.4.4.3  Procedure  B1  

The  fo l lowing  steps  shal l  be  fo l l owed .  

a)  Calcu late  the  average  d i scharge  cu rren t  measured  from  the  DUT’s  battery duri ng  i ts  fu l l -
battery run  time  test  (Annex M)  un ti l  i t  reached  i ts  L70  i n  the  particu lar setting  that  i t  wi l l  
be  tested  i n  for  the  se lected  run  t ime  test.  

b)  Set  the  DUT on  the  battery analyser such  that  i t  d i scharges  at  the  average  d ischarge  
cu rren t  calcu lated  i n  s tep  a)  for  the  duration  of  i ts  fu l l -battery run  time  (Annex M)  un ti l  i t  
reached  L70  i n  the  parti cu lar  setting  that  i t  wi l l  be  tested  i n  for  the  selected  run  time  test.   

c)  After the  DUT fi n ishes,  wai t  at  l east  60  m in  pri or  to  commencing  the  se lected  run  t ime  test.  

N.4.4.4  Procedure B2  

The  fo l lowing  steps  shal l  be  fo l l owed .  

a)  Determ ine  the  time  that  the  DUT reached  i ts  L70  du ri ng  i ts  fu l l -battery run  t ime  test  
(Annex M)  i n  the  particu lar setti ng  that  i t  wi l l  be  tested  i n  for  the  se lected  run  t ime  test.  

b)  Program  the  t imer for  the  duration  of  i ts  fu l l -battery run  t ime  (Annex M )  un ti l  i t  reached  L70  
i n  the  particu lar  setting  that  i t  wi l l  be  tested  i n  for  the  se lected  run  t ime  test.  



 – 1 60  – IEC  TS  62257-9-5:201 6    I EC  201 6  

c)  Connect  the  DUT to  the  t imer device  such  that  the  t imer device  re lay wi l l  d i sconnect  the  
DUT ci rcu i t  from  the  battery upon  reach ing  the  programmed  d i scharge  t ime.  Tu rn  the  DUT 
on  i n  the  setti ng  to  be  tested  for  the  se lected  run  t ime  test.  

d )  After the  DUT fi n i shes,  wai t  at  l east  60  m in  pri or  to  commencing  the  se lected  run  t ime  test.  

N.4.5  Calcu lations 

No  calcu lations  are  requ i red  wi th  the  fu l l  d i scharge  preparation  procedures.  

N.5  Reporting  

No reporti ng  i s  requ i red  wi th  the  fu l l  d i scharge  preparati on  procedures.   
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Annex O 
(normative)  

 
Grid  charge test  

 

O.1  Background  

The  possibi l i ty  o f  g rid  charg ing  improves  the  usabi l i ty  of  an  LED  l i gh ti ng  product,  even  i f  i t  i s  
designed  for use  i n  remote  areas.  Th is  modu le  describes  the  method  for  measuring  the  g rid -
charge  run  t ime  of  the  l i gh ti ng  product.  

The  DUT i s  g ri d  charged  via  the  provided  power adapter for  8  h .   

O.2  Test  outcomes 

The  test  ou tcomes  of  the  g rid  charge  test  are  l i sted  i n  Table  O. 1 .  

Table  O.1  – Grid  charge test  outcomes 

Metri c  Reporting  
un i ts  

Related  aspects  Notes  

Gri d -ch arge  run  t ime   H ou rs  (h )  4 . 2 . 8 . 6  G ri d -
ch arge  run  t ime  

- -  

 

O.3 Related  tests 

The  g rid  charge  test  requ i res  the  fu l l -battery run  time  test  (Annex M )  to  be  performed  before  
the  test.  Also,  i f  the  charge  con trol ler  behaviour test  (Annex S)  i s  performed  before  the  g rid  
charge  test  and  i t  i s  determ ined  the  DUT has  overcharge  protection ,  no  overcharge  protection  
device  i s  requ i red  du ring  the  g rid  charge  test.  

O.4 Procedure 

O.4.1  General  

The  DUT sample  i s  charged  by the  g rid  for  8  h  to  determ ine  the  DUT’s  g rid  charge  run  t imes.  

O.4.2  Equ ipment  requ irements  

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  AC  power adapter suppl i ed  wi th  the  DUT.  

•  Vo l tage  data l ogger.  

•  Cu rren t  data l ogger (e. g .  vo l tage  data l ogger and  cu rren t  transducer) .  

•  Timer d isconnect  device.  

•  Overcharge  d isconnect  device  ( i f  necessary) .  

•  Su rface-moun ted  thermocouple(s)  and  a  thermocouple  reader (optional ) .  

O.4.3  Test  prerequ isi tes  

The  fo l lowing  steps  shal l  be  fo l l owed .  
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a)  The  DUT battery shou ld  be  d i scharged  accord ing  to  the  fu l l  d i scharge  preparati on  
procedure  (Annex N ) .  

b)  I f  i t  i s  unknown  whether the  DUT has  an  overcharge  protecti on  d isconnect,  an  overcharge  
protection  d i sconnect  device  shou ld  be  used  to  protect  the  battery du ring  the  test.  

c)  Check that  the  g rid  vol tage  i s  su i table  for  the  DUT’s  suppl ied  AC  power adapter.  

O.4.4  Apparatus 

A su i table  l ocation  for  the  DUT to  be  und isturbed  for  8  h  wh i le  g ri d  charg ing  i s  requ i red .   

O.4.5  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  Set  up  the  ci rcu i t  cu toff  device  to  d i sconnect  the  AC  power ci rcu i t  after  8  h  o f  testi ng .  

b)  I f  i t  i s  unknown  whether the  DUT has  an  overcharge  protection  d i sconnect,  i n tegrate  the  
overcharge  protection  d i sconnect  device  i n to  the  setup.  Optional l y,  mon i tor  the  DUT’s  
battery temperatu re  to  ensure  that  i t  does  not  exceed  a  safe  value.  The  maximum  
al lowable  vo l tage  setpoin t  for  the  overcharge  d isconnect  device  and  the  maximum  
al lowable  cel l  temperature  may be  selected  from  Table  L. 2 .  I f  temperature  mon i toring  i s  
used ,  l i th ium-based  batteries  shal l  not  be  al lowed  to  exceed  45  °C  un less  h i gher 
temperatu res  are  al lowed  by the  battery manu facturer.  

c)  P l ug  the  AC  power adapter suppl ied  wi th  the  DUT in to  the  ci rcu i t  cu toff  device.   

d )  Set  up  the  cu rren t  and  vol tage  sensors  to  mon i tor the  charge  i n to  the  battery and  set  data 
l ogg ing  for  one  m inu te  i n tervals  or  shorter.  

e)  Enable  the  ci rcu i t  and  beg in  the  8  h  charg ing  cycle.   

f)  After 8  h  of  g ri d  charg ing ,  d i sconnect  the  equ ipment  and  check for  data consistency.  

O.4.6  Calcu lations 

The  fo l lowing  calcu lati ons  shal l  be  made:  

a)  Fi nd  the  i nstan taneous  power for  each  data poin t  by  mu l t iplyi ng  cu rren t  and  vol tage.  

b)  Fi nd  the  total  energy i npu t  to  the  battery du ring  the  8  h  charg ing  cycle  by mu l tiplying  each  
i nstan taneous  power by the  time  step  du rati on  and  summing  the  energy.  

c)  Fi nd  the  g rid -charge  run  t ime  for  each  setti ng  wi th  the  formu la below:  

 

where  

tg ri d , s  i s  the  g rid-charge  run  t ime  on  setti ng  "s"  i n  hours  (h ) ;  

Eg ri d  i s  the  total  energy i npu t  to  the  battery du ring  the  g rid  charge  i n  watt∙ hours  (Wh) ;  

ηbatt  i s  the  battery effi ciency as  a  fraction ;  

PFBR, s  i s  the  average  power during  the  fu l l -battery run  t ime  for  setti ng  "s"  i n  watts  (W) ;  

tFBR, s  i s  the  fu l l -battery run  t ime  i n  hou rs  (h ) .  

O.5 Reporting  

Report  the  fo l lowing  i n  the  g rid  charge  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  
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– DUT manu factu rer;  

– DUT name;  

– DUT model  number;  

– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– g ri d -charge  run  t ime  to  L70  (h ) .  

•  Comments:  

– i nd i vidual  comments,  as  necessary,  for samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  o f  samples  1  th rough  n.  
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Annex P 
(normative)  

 
Electromechanical  charge test  

 

P.1  Background  

A number of  l i gh ti ng  products  provide  mechan ical  crank-charg ing  as  an  al ternative  to  g ri d  
and/or PV modu le  charg ing .   

Annex P  describes  a  procedure  for  measuring  the  energy generated  by e lectromechan ical  
charg ing  under predeterm ined  cond i ti ons.   

P.2  Test  outcomes 

The  test  ou tcomes  of  the  e lectromechan ical  charge  test  are  l i s ted  i n  Table  P. 1 .  

Table  P. 1  – Mechanical  charge test  outcomes 

Metric  Reporting  
un i ts  

Related  aspects  Notes  

Electromech an i cal  charger power  
rat i ng  

Watts  (W)  4 . 2 . 8 . 7  
E l ectrom echan i cal  
charg e  rati o  

- -  

E l ectromech an i cal  charg i ng  rati o  Un i t l ess  
(m i nu tes  o f  
ru n  t im e  per 
m i nu te  of  
charg i ng )  

4 . 2 . 8 . 7  
E l ectrom echan i cal  
charg e  rati o  

- -  

 

P.3  Related  tests 

The  electromechan ical  charge  test  requ i res  the  fu l l -battery run  time  test  (Annex M )  to  be  
performed  before  the  test.  

P.4 Procedure 

P.4.1  General  

The  DUT sample  i s  e lectromechan ical l y  crank-charged  for  5  m in  at  approximately  1 20  rpm  
wi th  measurements  of  the  cu rren t  and  vol tage  avai lable  to  charge  the  battery.  

P.4.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment  i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Vo l tage  data l ogger.  

•  Cu rren t  data l ogger.  

•  Stopwatch  or  clock.  

P.4.3  Test  prerequ isi tes  

The  DUT battery shou ld  be  d ischarged  accord ing  to  fu l l  d i scharge  preparati on  procedure  
(Annex N ) .  
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P.4.4  Apparatus 

No  particu lar apparatus  i s  requ i red .  For e lectromechan ical  chargers  that  requ i re  a  fi xed  
posi t ion  (e . g .  bi cycle  crank chargers) ,  a  special  apparatus  may need  to  be  bu i l t  or  used .  

P.4.5  Procedure 

The  fo l lowing  steps  shal l  be  fo l l owed .  

a)  Attach  the  vo l tage  and  cu rren t  sensors  to  the  product  to  measure  charge  i n to  the  battery.  
Set  the  data- logg ing  i n terval  for  2  s  or  l ess  and  beg in  l ogg ing .  

b)  Crank-charge  the  DUT for  5  m in  at  approximately  1 20  rpm,  resu l ti ng  i n  approximately  
600  total  crank rotations.  

c)  Down load  the  data and  check for  consistency.  

P.4.6  Calcu lations 

The  fo l lowing  calcu lati ons  shal l  be  made.  

a)  Find  the  actual  du rati on  of  the  t ime  series  accord ing  to  the  dataset.  

b)  Calcu late  the  i nstan taneous  power i npu t  to  the  battery for  each  data poin t  i n  the  t ime  
series  by mu l tipl ying  cu rren t  and  vo l tage.  

c)  Fi nd  the  average  power i npu t  over  the  charg ing  period .   

d )  Estimate  the  e lectromechan ical  charg ing  rati o  for  each  product  setting  tested  wi th  the  
formu la below:  

 

where  

Rs  i s  the  electromechan ical  run  time  to  charg ing  ratio  on  setti ng  "s" ;  

ηbatt  i s  the  battery effi ciency;  

PFBR, s  i s  the  average  power during  the  fu l l -battery run  t ime  for  setti ng  "s" ;  

Pmech  i s  the  average  power during  the  e lectromechan ical  charg ing  period .  

P.5  Reporting  

Report  the  fo l lowing  i n  the  e lectromechan ical  charge  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu facturer;  

– DUT name;  

– DUT model  number;  

– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– e lectromechan ical  charger power;  

– e lectromechan ical  charge  ratio  for  each  product  setti ng  of  i n terest.  

•  Comments:  
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– i nd ividual  comments,  as  necessary,  for samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  of  samples  1  th rough  n.  
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Annex Q 
(normative)  

 
Photovol taic module I -V characteristics test  

 

Q.1  Background  

The  purpose  of  the  ou tdoor photovol taic  (PV)  modu le  I -V characteristics  test  i s  to  val idate  the  
DUT manu facturer’s  PV modu le  data ( i f  avai lable)  and  determ ine  the  PV modu le ’s  I -V 
characteristic  cu rve  under standard  test  cond i t i ons  (STC)  and  typical  modu le  operating  
temperatu res  (TMOT) .  

Solar LED  lamp un i ts  are  often  powered  by PV modu les  having  a  power range  from  
approximately  0 , 3  W to  1 0  W. 4)  When  selecting  a  measurement i nstrument,  i t  i s  importan t  to  
ensure  that  i t  i s  able  to  make  accurate  measurements  of  modu les  i n  the  desi red  s i ze  range.  
Th is  i s  particu larl y  importan t  for  modu les  rated  at  l ess  than  3 , 0  W s ince  most  measurement  
equ ipment  i s  not  designed  for  very smal l  modu les.   

The  PV modu le  may be  measured  wi th  a  so lar  s imu lator  i n  accordance  wi th  I EC  60904-1  and  
corrected  for  TMOT wi th  IEC  60891 :2009.  Th is  i s  the  preferred  techn ique  for characteriz ing  
PV modu les  and  laboratories  wi th  access  to  a  so lar s imu lator  shou ld  use  th i s  procedure.   

The  test  may also  be  performed  wi th  an  i nstrument that  i s  designed  to  make  ou tdoor 
performance  measurements  of  smal l  so lar  modu les.   

Q.2  Test  outcomes 

The  test  ou tcomes  of  the  ou tdoor photovol taic  modu le  I -V characteristics  test  are  l i s ted  i n  
Table  Q. 1 .  

Table  Q.1  – Outdoor photovol taic  modu le  I -V characteristics  test  outcomes 

Metri c  Reporti ng  un i ts  Related  aspects  Notes  

Sh ort-ci rcu i t  cu rren t  (Isc)  at  
STC  

Amperes  (A)  4 . 2 . 6 . 1  So lar I -V  cu rve  
param eters  

Report  at  STC  

Open -ci rcu i t  vo l tage  (Voc)  at  
STC  

Vo l ts  (V)  4 . 2 . 6 . 1  Sol ar  I -V  cu rve  
parameters  

Report  at  STC 

Maxi mum  power po i n t  power  
(Pm pp )  at  STC 

Watts  (W)  4 . 2 . 6 . 1  Sol ar I -V  cu rve  
parameters  

Report  at  STC 

Maxi mum  power po i n t  
cu rren t  (Im pp )  at  STC  

Amperes  (A)  4 . 2 . 6 . 1  Sol ar I -V  cu rve  
parameters  

Report  at  STC 

Maxi mum  power po i n t  
vo l tage  (Vm pp )  at  STC 

Vo l ts  (V)  4 . 2 . 6 . 1  Sol ar  I -V  cu rve  
parameters  

Report  at  STC 

Short-ci rcu i t  cu rren t  
(Isc, TM OT)  at  TMOT 

Amperes  (A)  4 . 2 . 6 . 1  Sol ar  I -V  cu rve  
parameters  

Report  at  TMOT 

Open -ci rcu i t  vo l tage  
(Voc, TM OT)  at  TMOT 

Vo l ts  (V)  4 . 2 . 6 . 1  Sol ar  I -V  cu rve  
parameters  

Report  at  TMOT 

Maxim um  power po i n t  power 
(Pm pp, TM OT)  at  TMOT 

Watts  (W)  4 . 2 . 6 . 1  Sol ar  I -V  cu rve  
parameters  

Report  at  TMOT 

Maxim um  power po i n t  
cu rren t  (Im pp, TM OT)  at  TMOT 

Am peres  (A)  4 . 2 . 6 . 1  Sol ar  I -V  cu rve  
parameters  

Report  at  TMOT 

___________ 

4)  Th i s  i s  th e  nom i nal  power  a  PV modu l e  shows  un der  s tan dard  test  cond i t i ons  (STC) .  S i nce  bei ng  at  STC  i s  
extrem el y  rare  i n  practi ce ,  th e  ach i eved  power i s  u su al l y  l ower.  
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Metri c  Reporti ng  un i ts  Related  aspects  Notes  

Maxi m um  power po i n t  
vo l tage  (Vm pp, TM OT)  at  
TMOT 

Vo l ts  (V)  4 . 2 . 6 . 1  Sol ar  I -V  cu rve  
parameters  

Report  at  TM OT 

Temperatu re  coeffi ci en t  Per  deg ree  
Cel s i u s  (1 /°C)  

4 . 2 . 6 . 1  Sol ar I -V  cu rve  
parameters  

Based  on  temperatu re  
vari at i on  i n  Voc.  

STC  I -V  Cu rve  dataset  Vo l ts  (V) ,  Amperes  
(A)  

4 . 2 . 6 . 1  Sol ar I -V  cu rve  
parameters  

Del i m i ted  dataset  

 

Q.3 Related  tests 

Annex Q  shou ld  be  completed  before  the  so lar charge  test  (Annex R) .  

Q.4 Procedure 

Q.4.1  Testing  using  IEC  61 21 5  (al l  parts)  

The  I -V characteristics  of  the  DUT’s  PV modu le  may be  determ ined  us ing  the  "Performance  at  
STC  and  NMOT"  test  of  I EC  61 21 5-2.  Test  resu l ts  provided  by the  manu factu rer  of  the  DUT 
may be  accepted  i f  the  tests  were  performed  at  a  laboratory accred i ted  to  perform  the  tests  by 
a recogn ized  accred i ti ng  organ ization  (e . g .  I LAC)  and  i f  the  test  resu l ts  i nclude  fu l l  datasets  
for  the  I -V cu rves.  

I f  the  modu le ’s  nom inal  modu le  operating  temperatu re  (NMOT) ,  as  determ ined  i n  I EC  61 21 5-2,  
i s  wi th in  the  range  50  °C  ±  5  °C,  the  performance  at  TMOT may be  assumed  to  be  i den tical  to  
the  performance  at  NMOT.  Otherwise,  the  I -V cu rve  at  TMOT (50  °C  cel l  temperatu re,  so lar 
i rrad iance  of  1  000  W/m 2 ,  and  ai r  mass  1 , 5)  shal l  be  calcu lated  from  the  performance  at  STC 
and  NMOT using  any of  the  correction  procedures  i n  I EC  60891 :2009.  Correction  procedure  3  
( IEC  60891 :2009,  3 . 4)  i s  recommended  as  i t  requ i res  no  add i ti onal  measurements  other than  
the  two  I -V cu rves.  

Q.4.2  Test  programme using  a  solar  simulator 

Q.4.2.1  Test  prerequisi tes  

I f  the  PV modu le  i s  amorphous  s i l i con  or otherwise  cou ld  be  subject  to  deg radation  (e . g .  
because  i t  i s  th in  f i lm  or  o f  unknown  technology) ,  i t  shal l  sun -soak for  30  days  prior  to  
perform ing  th is  test.  

Q.4.2.2  I -V curve  measurements 

Use  the  procedure  defined  i n  I EC  60904-1 :2006,  wi th  the  fo l l owing  mod i fi cations.  

•  The  spectral  m ismatch  correction  described  i n  I EC  60904-1 :2006,  C lause  3  a) ,  may be  
om i tted  i f  the  reference  device  i s  a  PV cel l  or  modu le  made  us ing  the  same cel l  
technology or usi ng  opti cal  f i l tration  to  ach ieve  a  spectral  response  typical  o f  the  cel l  
technology of  the  DUT.  For example,  a  monocrystal l i ne  PV cel l  wi th  KG5  g lass  window 
may be  used  wi th  an  amorphous  s i l i con  DUT.  

•  For measurements  i n  s teady-state  s imu lated  sun l i gh t,  the  i rrad iance  sensor of  
I EC  60904-1 :2006,  4. 2  d ) ,  may be  omi tted .  

•  For temperature  measurements,  a  s i ng le  thermocouple,  meeting  the  accuracy 
requ i rements  of  Q.4. 3.2  and  posi ti oned  d i rectl y  beh ind  a  ce l l  near the  cen tre  of  the  modu le,  
may be  used .  I f  the  back of  the  modu le  i s  i naccessible,  the  fron t-moun ted  thermocouple  
procedure  detai led  i n  the  ou tdoor test  procedure  (Q. 4.3 .5. 3)  shal l  be  used  for  the  i ndoor 
test.  

•  I f  the  PV modu le  charges  the  DUT via  a  cable  extended  from  the  PV modu le ’s  j unction  box,  
measure  the  I -V curve  from  the  end  of  the  cable  that  pl ugs  i n to  the  DUT for  charg ing  by 
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cu tti ng  the  connector from  the  end  of  the  PV modu le  cable,  l eaving  as  much  of  the  cable  
connected  to  the  PV modu le  as  possible,  and  strip  the  wi re  ends.  However,  i f  the  PV 
modu le’s  performance  deviates  from  the  adverti sed  values  by more  than  the  tru th - i n -
adverti s ing  to lerance  speci fied  i n  the  product  speci fi cation ,  the  I -V cu rve  test  may be  
repeated  measuring  the  I -V cu rve  from  the  PV modu le ’s  j unction  box (before  the  PV 
modu le’s  charg ing  cable) .  The  resu l ts  from  the  orig inal  test  shal l  be  used  as  i npu t  for the  
so lar  charge  test  and  resu l ts  from  the  repeated  test  shal l  be  reported  for  the  photovol taic  
modu le  I -V characteri sti cs  test.  

Q.4.2.3  I -V curve  ad justment  for  STC and  TMOT 

The  I -V curve  measured  i n  Q. 4. 2. 1  shal l  be  ad justed  to  STC  (25  °C  cel l  temperatu re,  so lar 
i rrad iance  of  1  000  W/m2 ,  and  ai r  mass  1 , 5)  and  TMOT (50  °C  cel l  temperatu re,  solar 
i rrad iance  of  1  000  W/m2 ,  and  ai r  mass  1 , 5)  us ing  e i ther  of  the  fo l l owing  two  procedures,  
ensuring  that  al l  vo l tage  measurements  are  taken  wi th  the  same device  and  al l  temperatu re  
measurements  are  taken  wi th  the  same device:  

Procedure  1 :  Use  any of  the  correction  procedures  defined  i n  IEC  60891 :2009.  For 
temperatu re  coeffici en t  measurements,  a  s i ng le  thermocouple,  meeti ng  the  accuracy 
requ i rements  of  Annex CC  and  posi t i oned  d i rectly  beh ind  a  ce l l  near the  cen tre  of  the  modu le,  
may be  used .  I f  the  back of  the  modu le  i s  i naccessible,  the  fron t-moun ted  thermocouple  
procedure  detai led  i n  the  ou tdoor test  procedure  (Q.4.3 .5. 3)  shal l  be  used .  

NOTE  Correcti on  procedu re  3  ( I EC  60891 :2009,  3 . 4)  al l ows  temperatu re  correct i on  u s i ng  two  I -V  cu rves  at  
d i fferen t  tem peratu res.  I f  no  i rrad i ance  correcti on  i s  needed ,  th i s  m ethod  i s  l i ke l y  to  be  th e  s i mplest  for  a  l ow-cost  
test.  

Procedure  2:  Measure  the  temperatu re  coefficien t  o f  vo l tage  (Tc, voc)  us ing  the  procedure  
defi ned  i n  Q.4.3 ,  under e i ther  natu ral  or  s imu lated  sun l igh t,  then  use  the  calcu lations  i n  
Q.4.3 .5. 4  to  ad just  the  cu rve  to  STC and  TMOT.  

Q.4.3  Outdoor photovol taic  module  I -V characteristics  test  

Q.4.3.1  General  

The  PV modu le  i s  tested  ou tdoors  to  obtain  i ts  characteri sti c  I -V curve,  from  wh ich  the  
maximum  power (Pmpp) ,  open-ci rcu i t  vol tage  (Voc) ,  and  short-ci rcu i t  cu rren t  (Isc)  are  
determ ined .   

Q.4.3.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Ou tdoor I -V cu rve  analyser.  The  analyser may i nclude  an  i n tegrated  pyranometer,  
provided  i t  i s  fast- response  ( i . e .  s i l i con  PV-based  pyranometer) .  

•  Fast-response  ( i . e.  s i l i con  PV-based)  pyranometer.  

•  Vo l tmeter  or mu l t imeter.  

•  Su rface-moun ted  thermocouple(s)  and  a  thermocouple  reader.  

Q.4.3.3  Test  prerequisi tes 

The  fo l lowing  prerequ is i tes  shal l  be  met.  

•  Constan t  atmospheric  cond i ti ons  ( i . e .  a  cl ear,  sunny day wi th  no  clouds) .  

•  I nciden t  so lar i rrad iance  between  850  W/m2  and  1  1 50  W/m2  and  an  ambien t  temperatu re  
between  1 5  °C  and  35  °C.  

•  Ai r  mass  less  than  or  equal  to  2 .  



 – 1 70  – I EC  TS  62257-9-5:201 6    I EC  201 6  

•  I f  the  PV modu le  i s  amorphous  s i l i con  or  o therwise  cou ld  be  subject  to  degradation  (e . g .  
because  i t  i s  th i n  f i lm  or  o f  unknown  technology) ,  i t  shal l  sun-soak for  30  days  prior  to  
perform ing  th is  test.  

Q.4.3.4  Apparatus 

There  shou ld  be  an  appropriate  stand  to  ho ld  the  PV modu le  and  pyranometer i n  the  same 
plane,  d i rectl y  normal  to  the  sun .  The  PV modu le  shou ld  be  placed  as  close  as  possible  to  the  
pyranometer to  ensu re  that  each  device  "sees"  the  same sky view.  A s i gh ting  tube  wi th  
bracket  may be  used  to  ensure  the  stand  i s  d i rectly  normal  to  the  sun  (Figu re  Q. 1 ) .  

 

 

Key 

1  Pyranom eter  

2  Board  or  o ther f l at  su rface  

3  Bracket  

4  S i gh t i ng  tube  

θ  90°  

Figure  Q.1  – PV modu le  I -V curve  testing  rack 

Q.4.3.5  Procedure 

Q.4.3.5.1  General  

Determ ine  the  appropriate  thermocouple  mounting  techn ique  based  on  PV panel  con fi guration .  
I f  the  PV modu le  i s  separate  from  the  l i gh ti ng  product  or can  be  easi l y  removed  wi thou t  
damag ing  the  acti ve  PV material  and  the  back of  the  PV modu le  i s  accessible,  use  the  back-
moun ted  thermocouple  procedure  (Q.4.3 .5. 2) .  Otherwise,  use  the  fron t-mounted  
thermocouple  procedure  (Q.4.3 .5. 3) .  

Procedure  1  of  Q.4.2.3  may be  used  as  an  al ternati ve  means  to  ad just  the  I -V curve  to  STC 
and  TMOT (as  opposed  to  us ing  the  methods  provided  below i n  Q.4. 3. 5.2  and  Q.4.3 . 5.3) .  Th is  
wou ld  i nvolve  taking  I -V cu rve  measurements  at  two  d i fferen t  modu le  temperatu res,  rather  
than  on ly  taking  I -V curve  measurements  when  the  modu le  has  reached  thermal  equ i l i brium  
after warming  under natu ral  sun l i gh t.  When  us ing  procedure  1  o f  Q.4. 2.3 ,  i t  i s  acceptable  to  
use  step  a)  i n  Q.4. 3. 5.4  to  ad just  al l  measured  cu rves  to  an  i rrad iance  value  of  1  000  W/m 2 .  

IEC  

θ  
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Q.4.3.5.2  Back-mounted  thermocouple 

The  fo l lowing  steps  shal l  be  fo l l owed .  

a)  Before  the  PV modu le  i s  exposed  to  sun l i gh t,  do  the  fo l l owing :  

1 )  cu t  the  connector from  the  end  of  the  PV modu le  cable,  l eaving  as  much  of  the  cable  
connected  to  the  PV modu le  as  possible,  and  strip  the  wi re  ends;  

2)  connect  a  vo l tage  meter or  mu l timeter (DC  vo l tage  range)  to  the  PV modu le.  

b)  Fi x  the  thermocouple  to  the  back of  the  PV modu le  d i rectl y  beh ind  a cel l  near the  cen tre  of  
the  acti ve  area and  affi x  i nsu lating  material  (e . g .  fo i l -backed  foam  tape)  over the  
thermocouple.  

c)  Expose  the  PV modu le  to  d i rect  normal  sun l igh t  and  immediately  measure  and  record  the  
open-ci rcu i t  vo l tage  (Voc, 1 )  and  the  PV modu le  temperature  (T1 ) .  

d )  Leave  the  PV modu le  i n  d i rect  normal  sun l i gh t  un ti l  thermal  equ i l i brium  i s  reached  ( i . e.  the  
PV modu le  temperatu re  i s  not  chang ing  by more  than  1  °C/m in ) .  

e )  Connect  the  PV modu le  to  the  I -V cu rve  analyser per  the  I -V curve  analyser’s  
manu factu rer’s  i nstructions.  

f)  Execu te  the  I -V measurement  per  the  I -V cu rve  analyser’s  manu factu rer’s  i nstructions  and  
record  the  PV modu le  temperature  (T)  and  i nciden t  so lar  i rrad iance.  

g )  After the  I -V cu rve  measurement,  measure  and  record  the  PV modu le  temperatu re  again  
(T2)  us ing  the  same i nstrument  that  was  used  i n  s tep  a) .   

h )  Measure  the  record  the  PV modu le ’s  open-ci rcu i t  vo l tage  at  T2  (Voc, 2 )  us ing  the  same  
i nstrument  that  was  used  i n  s tep  a) .  

Q.4.3.5.3  Front-mounted  thermocouple  

The  fo l lowing  steps  shal l  be  fo l l owed .  

a)  Before  the  PV modu le  i s  exposed  to  sun l i gh t,  do  the  fo l l owing :  

1 )  connect  a  vo l tage  meter or  mu l timeter (DC  vo l tage  range)  to  the  PV modu le.  

b)  Fi x  the  thermocouple  to  the  fron t  o f  the  PV modu le  d i rectl y  over a  cel l  i n  the  cen tre  of  the  
acti ve  area and  affi x  i nsu lating  material  (e . g .  fo i l -backed  foam  tape)  over the  
thermocouple.  

c)  Expose  the  PV modu le  to  d i rect  normal  sun l i gh t  and  immediately  measure  and  record  the  
PV modu le  temperatu re  (T1 ) ,  then  qu ickly  remove  the  thermocouple  and  i nsu lati ng  
material  from  the  fron t  o f  the  PV modu le,  and  measure  and  record  the  open-ci rcu i t  vo l tage  
(Voc, 1 ) .  

d )  After  measuring  (Voc, 1 ) ,  again  f i x  the  thermocouple  to  the  fron t  o f  the  PV modu le  d i rectly  
over a  ce l l  i n  the  cen tre  of  the  acti ve  area i n  the  same  location  as  before  and  affi x  
i nsu lating  material  (e . g .  fo i l -backed  foam  tape)  over the  thermocouple.  

e)  Leave  the  PV modu le  i n  d i rect  normal  sun l i gh t  un ti l  thermal  equ i l ibrium  i s  reached  ( i . e.  the  
PV modu le  temperatu re  i s  not  chang ing  by more  than  1  °C/m in ) .  

f)  Connect  the  PV modu le  to  the  I -V cu rve  analyser per the  I -V cu rve  analyser’s  
manu factu rer’s  i nstructions.  

g )  Remove  the  thermocouple.  

h )  Measure  and  record  the  PV modu le ’s  open-ci rcu i t  vo l tage  at  T2  (Voc, 2 )  us i ng  the  same 
i nstrument  that  was  used  i n  s tep  a) .  

i )  Immediately after  obtain ing  Voc, 2 ,  affi x  the  thermocouple  and  i nsu lating  material  to  the  
fron t  o f  the  PV modu le  ( i . e .  the  same  place  as  i n  s tep  a) )  and  measure  and  record  the  
temperatu re  of  the  PV modu le  (T2  and  T)  us ing  the  same  i nstrument  that  was  used  i n  s tep 
a) .   

j )  Immediately execu te  the  I -V measurement  per the  I -V curve  analyser’s  manu facturer’s  
i nstructions.  
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Q.4.3.5.4  Calcu lations 

The  fo l lowing  calcu lations  shal l  be  made,  un less  temperatu re  ad justments  are  being  
performed  us ing  procedure  1  o f  Q.4. 2. 3 .  I f  procedure  1  o f  Q.4.2.3  i s  being  used,  the  cu rren t  
measurements  may be  converted  to  1  000  W/m 2  u s ing  step  a) .  

a)  Convert  al l  of  the  cu rren t  measurements  to  STC us ing  the  fo l lowing  formu la:  

 

where  

I i s  the  PV modu le ’s  cu rren t  at  STC,  i n  amperes  (A) ;  

Im  i s  the  PV modu le ’s  measured  cu rrent,  i n  amperes  (A) ;  

G  i s  the  measured  i ncident  so lar  i rrad iance  du ri ng  the  I -V cu rve  measurement,  i n  watts  
per square  metre  (W/m 2) .  

b)  Determ ine  the  temperatu re  coeffi cien t  for  the  vol tage  (Tc, voc)  us ing  the  fo l l owing  formu la:  

 

where  

Tc, voc   i s  the  PV modu le’s  temperature  coefficien t  for  the  vol tage,  per  degree  Cels ius  
(1 /°C) ;  

Voc, 1  i s  the  PV modu le ’s  open-ci rcu i t  vo l tage  immed iately  after exposure  to  sun l igh t,  i n  
vo l ts  (V) ;  

Voc, 2  i s  the  PV modu le’s  open-ci rcu i t  vol tage  after  the  I -V measurement  i s  taken ,  i n  
vo l ts  (V) ;  

T1  i s  the  PV modu le’s  temperature  immediately before  exposure  to  sun l i gh t,  i n  
degrees  Cels ius  (°C) ;  

T2  i s  the  PV modu le’s  temperatu re  after the  I -V cu rve  measurement  i s  taken ,  i n  
degrees  Cels ius  (°C) .  

c)  Convert  al l  o f  the  vol tage  measurements  to  STC us ing  the  fo l lowing  formu la:  

 

where  

V i s  the  PV modu le ’s  vo l tage  at  STC,  i n  vol ts  (V) ;  

Vm  i s  the  PV modu le’s  measured  vol tage,  i n  vol ts  (V) ;  

Tc, voc  i s  the  PV modu le’s  temperature  coeffi cien t  for  the  vo l tage,  per degree  Celsius  
(1 /°C) ;  

Tstc  i s  the  temperatu re  at  STC,  25  °C;  

T i s  the  PV modu le ’s  temperatu re  du ri ng  the  I -V cu rve  measurement,  i n  degrees  
Cels ius  (°C) .  

d )  The  PV modu le ’s  short-ci rcu i t  cu rren t  at  STC  (Isc)  i s  the  cu rren t  correspond ing  to  0  V on  
the  STC-ad justed  I -V curve.  

e)  The  PV modu le ’s  open-ci rcu i t  vo l tage  at  STC  (Voc)  i s  the  vol tage  correspond ing  to  0  A on  
the  STC-ad justed  I -V cu rve.  

f)  Determ ine  the  PV modu le ’s  measured  maximum  power poin t  power at  STC  (Pmpp)  us ing  
the  fo l l owing  formu la:  

 

where  
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Pmpp  i s  the  PV modu le ’s  measured  maximum  power poin t  power at  STC,  i n  watts  (W) ;  

I i s  the  PV modu le ’s  curren t  at  STC,  i n  amperes  (A) ;  

V i s  the  PV modu le ’s  vol tage  at  STC,  i n  vol ts  (V) .  

g )  The  PV modu le ’s  maximum  power po in t  cu rren t  at  STC (Impp)  i s  the  cu rren t  correspond ing  
to  Pmpp  on  the  STC-ad justed  I -V cu rve.  

h )  The  PV modu le ’s  maximum  power po in t  vo l tage  at  STC  (Vmpp)  i s  the  vol tage  
correspond ing  to  Pmpp  on  the  STC-ad justed  I -V cu rve.  

i )  Repeat  steps  c)  th rough  h )  for  TMOT i n  p lace  of  STC,  where  TMOT i s  defi ned  as  50  °C.  

Q.5 Reporting  

Report  the  fo l lowing  i n  the  ou tdoor photovol taic  modu le  I -V characteristics  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– l i gh ting  product  manu factu rer;  

– l i gh ting  product  name;  

– l i gh ting  product  model  number;  

– name  of  test  l aboratory;  

– description  of  l ocati on  of  test;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  PV modu le  aspects  for  samples  1  th rough  n:  

– short-ci rcu i t  cu rren t  at  STC  (A) ;  

– open-ci rcu i t  vo l tage  at  STC  (V) ;  

– maximum  power po in t  power at  STC  (W) ;  

– maximum  power po in t  curren t  at  STC (A) ;  

– maximum  power po in t  vol tage  at  STC  (V) ;  

– short-ci rcu i t  cu rren t  at  TMOT (A) ;  

– open-ci rcu i t  vo l tage  at  TMOT (V) ;  

– maximum  power poin t  power at  TMOT (W) ;  

– maximum  power poin t  cu rren t  at  TMOT (A) ;  

– maximum  power po in t  vol tage  at  TMOT (V) ;  

– temperatu re  coefficien t  for vo l tage  (1 /°C) .  

•  Average  of  n  sample  resu l ts  for  each  PV modu le  aspect  tested .  

•  Coefficien t  of  variati on  of  n  sample  resu l ts  for  each  PV modu le  aspect  tested  (%) .  

•  PV modu le ’s  rating  for  aspects  tested,  i f  avai lable.  

•  Deviation  of  the  average  resu l t  from  the  PV modu le’s  rati ng  for each  aspect  tested ,  i f  
avai lable  (%) .  

•  Comments:  

– i nd ividual  comments,  as  necessary,  for  samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  o f  samples  1  th rough  n.  

•  F i gu res:  

– s ing le  plot  showing  the  I -V and  power-vol tage  curves  for  every PV modu le  sample.  
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•  Datasets:  

– comma-del im i ted  or tabu lar dataset  l i s t ing  cu rren t  (A)  and  vol tage  (V)  ad justed  to  STC 
across  the  fu l l  measured  I -V cu rve.  
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Annex R  
(normative)  

 
Solar charge test  

 

R.1  Background  

The  so lar charge  test  provides  estimates  for two  key sources  of  energy l oss  during  solar  
charg ing :  suboptimal  operation  of  the  solar  modu le  ( "so lar  operation  effi ciency")  and  l osses  
from  the  DUT’s  i n ternal  e lectron ic  ci rcu i ts  that  charge  the  battery(- ies)  ( "battery-charg ing  
ci rcu i t  effi ciency") .  Along  wi th  the  battery round- tri p  energy effi ci ency (Annex K) ,  these  values  
are  used  i n  the  dai l y  energy service  calcu lations  (Annex GG)  and/or the  solar run  t ime  
calcu lation  (R.4.4) .  

A power supply  along  wi th  two  resi stors  i s  used  to  s imu late  a  so lar modu le  and  charge  a  
DUT’s  battery(- ies) .  The  vo l tage  operating  po in t  du ri ng  the  test  combined  wi th  the  so lar I -V 
cu rve  i s  used  to  calcu late  the  solar  operating  effi ciency.  Measurements  of  energy i npu t  to  the  
DUT so lar charg ing  port  and  DUT battery(- ies)  are  used  to  estimate  the  battery-charg ing  
ci rcu i t  effi ciency.   

I f  the  DUT i s  a  ki t  that  has  mu l t iple  i ndependen t  l i gh t  un i ts  (each  wi th  thei r  own  battery pack)  
that  can  be  charged  s imu l taneously by a  s i ng le  so lar modu le,  the  test  shou ld  be  done  wi th  al l  
the  i ndependen t  l i gh t  un i ts  connected  at  once.  Th is  wi l l  requ i re  add i ti onal  measurements  of  
battery cu rren t  and  vol tage  for  each  battery.  

R.2  Test  outcomes 

The  test  ou tcomes  of  the  solar charge  test  are  l i s ted  i n  Table  R. 1 .  

Table  R.1  – Solar charge test  outcome 

Metric  Reporti ng  
un i ts  

Related  aspects  Note  

Solar operati on  e ffi ci ency 
(ηso l -op )  Percen tage   

4 . 2 . 6  So l ar  modu l e  
aspects  

Th i s  i s  represen tati ve  o f  the  eff i ci ency 
wi th  respect  to  opt im al  operati on  o f  the  
PV modu l e  (where  opti mal  operat i on  i s  
at  the  maxi mum  power po i n t) .  

Battery-charg i ng  ci rcu i t  
e ff i ci ency (ηbcc)  Percen tage  

4 . 2 . 1 0  Battery-
charg i ng  ci rcu i t  
e ff i ci ency 

Th i s  i s  a  l ump f i g u re  for  the  wh o l e  
l i g h t i ng  ki t  and  i s  not  d i sagg regated  by  
l i g h t i ng  u n i t .  

Average  ch arg ing  vo l tage  V  n /a  
Th i s  val ue  i s  u sed  i n  th e  assessmen t  o f  
DC  ports  (Ann ex  EE)  when  a  typ i cal  
charg i ng  vo l tage  i s  needed .  

So l ar  run  t ime  (s tandard  
so l ar  day)  

H ou rs  (h )  
4 . 2 . 8 . 3  Sol ar-day 
l i g h ti n g  run  t i me  

Mu l t i p l e  ou tcomes  wi l l  be  found  – on e  
for  each  sett i ng  on  each  i ndepen den t  
l i g h t i ng  u n i t .  

So l ar  charg i n g  system  
characteri s ti cs  

n /a  n /a  
Th i s  descri bes  key featu res  of  the  so l ar  
charg i ng  ci rcu i t  

 

R.3  Related  tests 

The  solar  charge  test  i s  re lated  to  the  battery test  (Annex K) ,  the  ou tdoor photovol taic  modu le  
I -V characteristi cs  test  (Annex Q) ,  the  fu l l -battery run  t ime  test  (Annex M ) ,  and  the  energy 
service  calcu lations  (Annex GG) .  
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R.4 Procedure 

R.4.1  General  

I n  th is  test,  the  DUT i s  charged  us ing  an  apparatus  to  s imu late  the  PV modu le  du ring  a  typical  
day of  so lar charg ing .  The  PV s imu lation  shal l  be  performed  using  a  res istor network and  
programmable  laboratory power supply  or  a  so lar array s imu lator  meeti ng  the  requ i rements  of  
Table  CC. 2.  The  vol tage  and  cu rren t  at  the  DUT’s  PV i npu t  and  battery(- ies)  are  recorded  at  
one-m inu te  or shorter  i n tervals.   

R.4.2  Test  method  using  a  resistor network 

R.4.2.1  Equ ipment  requ irements 

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Programmable  power supply  wi th  constan t-vol tage  and  constan t-curren t  modes  and  abi l i ty  
to  au tomatical l y  s tep  th rough  a  t imed  program,  or al ternati ve  apparatus  described  below.  

•  Vo l tage  data l oggers  (one  for  the  DUT’s  PV i npu t  and  one  for each  of  the  DUT’s  batteries) .  

•  Cu rren t  data l oggers  (e. g .  vo l tage  data l ogger and  curren t  transducer)  (one  for  the  DUT’s  
PV i npu t  and  one  for  each  of  the  DUT’s  batteries) .  

N OTE  Most  DU Ts  have  on l y  one  battery.  

•  Series  and  paral le l  resistors  (or  variable  res istors)  for  s imu lati ng  PV i npu t.  

•  Variable  res istor for  measuri ng  the  I -V cu rve  from  the  PV simu lator  (optional ) .  

•  Resistance  meter  or  mu l t imeter.  

•  Su rface-moun ted  thermocouple(s)  and  a  thermocouple  reader or  o ther su i table  su rface-
moun ted  temperatu re  measurement  devices  (optional ) .  

•  Overcharge  d isconnect  device  that  wi l l  s top  a  DUT’s  d ischarge  when  the  DUT’s  battery 
reaches  a  speci fied  vol tage  ( i f  necessary) .  

I nstead  of  a  programmable  power supply,  an  e lectron ic  apparatus  designed  to  s imu late  the  
PV modu le ’s  d iode  characteristic  may be  used .  The  characteri sti cs  of  the  apparatus  shal l  be  
model led  and  i ncorporated  i n to  the  ci rcu i t  s imu lation  described  i n  R. 4. 2. 4  a) .  An  example  of  
an  apparatus  i n tended  for  th is  purpose  i s  described  by Stü tz  (201 4) .  The  use  of  such  an  
apparatus  can  improve  the  cu rve-fi tt i ng  accuracy and  dynamic  performance,  especial l y  wi th  
DUTs  that  use  pu lse-width  modu lation  (PWM)  or  maximum  power poin t  tracking  (MPPT) .  The  
l aboratory shal l  ensure  that  any such  apparatus  has  vo l tage  and  cu rren t  accu racy at  l east  
equ ivalen t  to  the  overal l  accuracy of  the  resistor network wi th  a  power supply  meeting  the  
requ i rements  above.  

The  series  resistance  added  by the  test  apparatus  and  al l  measurement  equ ipment  between  
the  PV-simu lating  apparatus  and  the  DUT’s  PV i npu t,  and  the  series  resistance  added  
between  the  DUT and  the  battery,  shal l  each  be  no  more  than  90  mΩ .  Th i s  value  i ncludes  the  
resistance  of  the  wi res  and  connectors,  i f  any,  added  i n  the  sample  preparati on  procedure  
(G . 4.4) .  

R.4.2.2  Test  prerequ isi tes  

The  DUT’s  battery shou ld  be  at  a  s tate  of  charge  that  corresponds  to  the  "end  of  d i scharge, "  
wh ich  shal l  be  accompl ished  us ing  procedures  i n  Annex N .  Add i ti onal l y,  th is  test  shal l  be  
performed  after completion  of  the  ou tdoor PV modu le  I -V characteri stics  measurements  
(Annex Q) ,  s i nce  the  I -V cu rve  i n formation  from  the  PV modu le  du ring  that  test  are  needed  to  
set  up  the  i npu ts  to  the  power supply for  the  e lectron ics  effi ciency test.  The  resu l ts  from  the  
battery test  (Annex K)  and  fu l l -battery run  t ime  test  (Annex M )  are  requ i red  for  the  
calcu lations.  
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Special  charg ing  featu res  that  do  not  operate  du ring  a  normal  charge  cycle,  such  as  
equal i zation  or  boost  charg ing ,  shal l  not  be  enabled  during  th i s  test,  un less  i t  i s  not  possible  
to  d isable  these  featu res.  Ligh ts  and  appl iances  not  con tain i ng  batteries  shal l  be  
d i sconnected  and  the  DUT shal l  be  tu rned  off  or  set  to  s tandby mode  ( i . e.  the  mode  i n  wh ich  
the  DUT’s  functional i ty  i s  not  acti ve  bu t  the  DUT’s  battery can  be  charged) .  

I n  some  cases  a  product  can  con tain  mu l ti ple  components  wi th  batteries  that  can  charge  from  
the  PV modu le.  I n  th is  case,  there  are  two  al lowed  methods  for conducting  the  test.  The  
choice  of  method  depends  on  the  characteristics  of  the  product  and  the  i ncluded  appl iances.  

Method  1 :  The  test  i s  conducted  wi th  al l  batteries  and  appl iances  con tain ing  batteries  
connected ,  i nclud ing  those  devices  that  can  be  charged  from  another battery i n  the  system.  
The  batteries  i n  any l i gh t  un i ts  are  prepared  accord ing  to  Annex N .  The  batteries  i n  any non -
l i gh ti ng  appl iances  are  prepared  by operating  the  appl iance  for  a  duration  equal  to  a  typical  
day’s  usage;  for  appl iances  l i s ted  i n  Table  GG.3,  the  typical  use  du rati on  from  Table  GG.3  
shou ld  be  used.  The  run  t imes  for  al l  appl i ances  con tain ing  batteries  are  calcu lated  i n  R.4. 4.  

Method  2 :  The  test  i s  conducted  wi th  al l  batteries  connected  except  those  batteries  that  can  
be  charged  from  another battery i n  the  system  ( i . e .  batteries  that  can  be  charged  at  n igh t) .  
For example,  i f  a  system  con tains  two  battery un i ts  that  connect  to  a  s i ng le  PV modu le  via a  
spl i tter  cable,  both  battery un i ts  wou ld  be  connected  for  th is  test.  However,  a  rad io ,  torch ,  or  
portable  lamp that  con tains  a battery and  charges  from  the  DUT’s  main  un i t  battery (e . g .  via  a  
USB port)  wou ld  not  be  connected .  Run  t imes  for  l i gh ti ng  un i ts  and  appl iances  that  are  not  
connected  du ri ng  the  so lar charge  test  shal l  be  calcu lated  us ing  the  methods  i n  Annex GG.  

R.4.2.3  Apparatus 

The  apparatus  for  the  solar charge  effi ci ency test  i s  shown  schematical l y  i n  Fi gu re  R. 1 .  
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Key 

1  PV s imu lati on  ci rcu i t  

2  Laboratory power suppl y  

3  Seri es  and  paral l e l  res i s tors  (or  vari abl e  res i s tors)  

4  PV s im u lati on  ci rcu i t  ou tpu t  (measu re  cu rren t  and  vo l tag e  here  du ri ng  s i mu lated  so l ar  charg i n g )  

5  Connect i on  cabl e  from  PV s i mu lati on  ci rcu i t  to  l i g h t i ng  u n i t  

6  Li g h t i ng  product  battery  (measu re  cu rren t  an d  vo l tage  h ere  du ri ng  s im u lated  so l ar  ch arg i ng )  

7  [opti on al ]  Add i t i onal  l i g h ti ng  un i ts  wi th  separate  batteri es  that  are  i ncl u ded  i n  the  ki t  

8  [opti on al ]  Add i t i onal  l i g h ti ng  un i t  battery( - i es)  (measu re  cu rren t  and  vo l tage  here  du ri ng  s imu lated  so lar  
charg i n g )  

Figure  R.1  – Schematic  of  the  power supply and  DUT connection  
for  the  solar charge efficiency test  

R.4.2.4  Procedure 

Preparation  for  the  test.  

a)  Use  the  TMOT I -V cu rve  ( from  Annex Q)  to  fi nd  appropriate  resistor values  and  power 
supply  set  po in ts  to  s imu late  the  PV modu le  operati ng  at  TMOT duri ng  the  charg ing  cycle.  
A compu ter spreadsheet or  program  shou ld  be  used  for  th is  s tep.  

– The  spreadsheet  or  program  i s  used  to  estimate  the  response  curve  of  the  PV 
s imu lator ci rcu i t  over the  range  of  vo l tages  that  corresponds  to  the  I -V curve.  

– The  i npu t  variables  to  the  spreadsheet  shal l  be  the  fo l l owing :  

•  seri es  resistance;  

•  paral le l  res istance;  

•  vo l tage  setpoin t;  

•  cu rren t  setpoin ts  correspond ing  to  each  l evel  o f  s imu lated  solar i rrad iance  l i s ted  i n  
Table  R. 2.  

– The  ci rcu i t  s imu lati on  shal l  be  based  on  Ohm’s  l aw.  When  the  d iode  characteri stic  i s  
s imu lated  us ing  an  apparatus  other than  a  l aboratory power supply,  as  described  i n  
R.4. 2. 1 ,  the  behaviour of  the  apparatus  shal l  be  i ncluded  i n  the  ci rcu i t  model .  

– The  spreadsheet  or  program  shal l  estimate  the  TMOT curren t  at  even ly spaced  vol tage  
poin ts  by l i nearl y  i n terpolating  between  po in ts  on  the  measured  I -V cu rve.  

IEC  

1  

2  3  

4  

5  

6  

7  

8  
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– The  spreadsheet  or  program  shal l  scale  the  i n terpolated  I -V cu rve  for  each  l evel  o f  
s imu lated  so lar i rrad iance  l i s ted  i n  Table  R. 2  by mu l tiplying  the  i n terpolated  cu rren t  
values  by the  rati o  of  the  desi red  solar i rrad iance  l evel  to  1  000  W/m 2 :  

 

where  

Ipv(V)  i s  the  scaled ,  i n terpolated  current  at  each  so lar i rrad iance  l evel  i  and  
vo l tage  V,  i n  amperes  (A) ;  

Ii n terp(V)  i s  the  i n terpolated  cu rren t  at  TMOT and  1  000  W/m 2  at  vo l tage  V,  i n  
amperes  (A) ;  

G  i s  the  s imu lated  solar  i rrad iance,  i n  watts  per  square  metre  (W/m2) .  

– The  spreadsheet  or program  shal l  use  a  non- l i near m in im izati on  techn ique  to  m in im ize  
the  weigh ted  sum  of  the  squared  residuals  between  the  scaled ,  i n terpolated  TMOT I -V 
cu rve  values  and  the  s imu lated  I -V cu rve  of  the  PV s imu lator by al tering  the  i npu t  
variables.  To  g ive  preference  for  cl ose  agreement  near the  maximum  power poin t,  the  
SSR at  each  poin t  shal l  be  weigh ted  by the  product  of  the  duration  of  each  solar 
i rrad iance  step  ( from  Table  R. 2)  and  the  power i n  the  scaled  TMOT curve:  

 

where  

G  i s  the  s imu lated  so lar i rrad iance,  i n  watts  per square  metre  (W/m 2) ;  

∆ tG  i s  the  du ration  correspond ing  to  each  solar i rrad iance  level  i,  i n  hours  (h ) ;  

V i s  the  vol tage  at  each  poin t  i n  the  i n terpolated  I -V curve,  i n  vo l ts  (V) ;  

Ipv,G(V)  i s  the  scaled,  i n terpolated  cu rren t  at  so lar i rrad iance  level  G  and  vol tage  V,  i n  
amperes  (A) ;  

If i t ,G(V)  i s  the  fi tted  s imu lated  cu rren t  at  so lar  i rrad iance  l evel  G  and  vol tage  V,  i n  
amperes  (A) ;  

– The  ou tcomes  of  the  spreadsheet  or  program  are  the  best  f i t  i npu t  variables:   

•  series  resistance  (Rs) ;  

•  paral le l  res istance  (Rp) ;  

•  vo l tage  setpoin t  (Vs im ) ;  

•  cu rren t  setpoin ts  (Isi m , 1 000 ,  Isim , 900 ,  Is im , 700 ,  Isi m , 500 ,  Isim , 300 ) .  

b)  Bu i ld  a  PV s imu lator ci rcu i t  as  i n  Figure  R. 1  us ing  fi xed  or variable  res istors  wi th  
appropriate  power rati ngs  wi red  i n  paral l el  and  series  wi th  the  power supply.  Use  a  
resistance  meter  or  mu l t imeter  to  veri fy  that  the  actual  res istance  values  meet  the  
accuracy requ i rement  i n  Table  CC. 2.  

c)  For  each  s imu lated  solar i rrad iance  l evel ,  check that  the  s imu lated  I -V curve  i s  a  
reasonable  approximation  of  the  true  cu rve  by calcu lating  the  deviati on  ratio  between  the  
s imu lated  and  scaled ,  i n terpolated  TMOT I -V cu rves.  The  deviation  ratio  i s  defi ned  as  the  
s imu lated  cu rren t  d i vided  by the  scaled ,  i n terpolated  TMOT cu rren t  at  each  vol tage  poin t.  
For th is  calcu lation ,  use  the  true  values  of  the  i npu t  variables  rounded  to  the  precis ion  of  
the  test  equ ipment.  I n  the  example  below (Figu re  R.2) ,  the  deviation  ratio  i s  cl ose  to  un i ty 
(between  0 ,95  and  1 , 05,  or  l ess  than  5  % error)  i n  the  key parts  of  the  I -V curve  (at  and  to  
the  l eft  of  the  maximum  power poin t) .   
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Key 

I i s  cu rren t  wi th  u n i ts  o f  amperes  on  th e  primary vert i cal  axi s  

V i s  vo l tage  wi th  u n i ts  o f  vo l ts  on  the  hori zon tal  axi s  

D   i s  the  deviati on  rat i o  (un i t l ess)  on  the  secondary vert i cal  axi s  

 

1  i s  the  m easu red  " tru e"  I -V  cu rve,  p l o tted  on  the  prim ary axi s  

2  i s  th e  I -V  cu rve  from  th e  PV s im u lator  (If i t , G (V) ) ,  p l o tted  on  the  primary axi s  

3  i s  the  deviati on  rat i o  as  a  functi on  o f  vo l tage,  p l o tted  on  the  secondary axi s  

Figure  R.2  – Example  "true"  and  simu lated  I -V curves plotted  wi th  the  deviation  ratio   

d)  (optional  s tep)  Experimental l y  veri fy  the  calcu lated  deviation  for  the  1  000  W/m 2  I -V cu rve,  
us ing  the  fo l l owing  procedure.  Al ternati vely,  the  I -V cu rve  analyser speci fi ed  i n  Annex Q  
may be  used  to  trace  the  I -V cu rve  of  the  s imu lated  so lar  modu le.  

1 )  Connect  data- logg ing  cu rren t  and  vol tage  sensors  to  the  PV s imu lator ou tpu t.  Set  the  
sensors  to  l og  data at  very short  i n tervals,  1  s  or  l ess.   

e )  S imu late  a  PV modu le  at  TMOT and  1  000  W/m2 .  Set  the  power supply cu rren t  and  
vo l tage  setpoin ts  to  Isi m , 1 000  and  Vs im .   

f)  Measure  an  I -V cu rve  for the  PV s imu lator.  Connect  a  variable  res istor  between  the  
posi t i ve  and  negative  terminals  of  the  PV s imu lator and  s lowly sweep from  h igh  to  l ow 
resistance  and  back.  

g )  D isconnect  the  resistor and  stop  the  data co l lection .  

h )  Check to  ensu re  the  qual i ty  of  the  I -V cu rve  data;  cross  check wi th  the  ori g i nal  ( target)  I -V 
cu rve  to  ensure  the  PV s imu lator i s  reasonably close,  particu larl y  i n  the  reg ion  wi th  
vo l tages  s l i gh tl y  below the  maximum  power po in t.  Fi gu re  R.2  shows  an  example  
comparison .  The  true  I -V cu rve  ( l i ne  1 )  i s  compared  to  the  s imu lated  I -V cu rve  ( l i ne  2) .   

i )  Set  up  the  prepared  DUT (see  requ i rements  i n  R. 4.2.2)  and  PV s imu lator ci rcu i t  wi th  
cu rren t  and  vo l tage  sensors,  ensu ring  the  PV s imu lator ci rcu i t  i s  connected  such  that  i t  
replaces  on ly  the  part  of  the  PV modu le  assembly i ncluded  i n  the  I -V cu rve  ( i . e .  the  PV 
s imu lator  ci rcu i t  i s  connected  at  the  same poin t  the  I -V cu rve  data were  measured) .  Set  
the  data- logg ing  i n terval  to  1  m inu te  or l ess.  Record  the  fo l l owing  quan ti t i es:  

– cu rren t  en tering  the  DUT’s  battery(- ies) ,  i n  amperes  (A) ;  
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– vo l tage  across  the  DUT’s  battery(- ies) ,  i n  vo l ts  (V) ;  

– cu rren t  provided  by the  PV s imu lator  ci rcu i t,  i n  amperes  (A) ;  

– vo l tage  across  the  PV s imu lator ci rcu i t  ou tpu t,  i n  vol ts  (V) .  

j )  Program  the  power supply  to  s imu late  a  "standard  solar day"  of  charg ing  us ing  the  steps  
i nd icated  below (Table  R.2) .  To  faci l i tate  i den ti fi cation  of  so lar i rrad iance  l evels  du ring  
data analysis ,  short  pauses  at  0  vo l ts  may be  i nserted  between  steps.  

Table  R.2  – Simulated  solar day power supply settings  

Step  duration  

h  

Simu lated  solar  
i rrad iance 

W/m2  

Cu rrent  setpoint  Vol tage  setpoint  

0 , 5   300   
Is i m , 3 00  Vs i m  

0, 5   500   Is i m , 500  Vs i m  

1   700   Is i m , 700  Vs i m  

1   900   Is i m , 900  Vs i m  

1   1  000  Is im , 1 000  Vs i m  

1   900   Is im , 900  Vs i m  

1   700   Is im , 700  Vs i m  

0, 5   500   Is im , 500  Vs i m  

0, 5   300   Is im , 300  Vs i m  

 

k)  The  DUT’s  battery vo l tage  shal l  be  con tinuously mon i tored  such  that  the  battery vol tage  
shal l  not  exceed  a  safety  l im i t,  e i ther re l yi ng  on  the  i n ternal  charge  con tro l ler  or  based  on  
the  j udgement  of  the  l aboratory.  I f  necessary,  i n tegrate  the  overcharge  protection  
d isconnect  device  i n to  the  setup.  The  overcharge  protecti on  device  shal l  d i sconnect  i f  
battery vo l tage  ri ses  above  safety  l im i ts  that  are  determ ined  by the  l aboratory.  Refer to  the  
battery recommended  testing  practi ces  (Annex L)  for  recommended  maximum  battery 
testi ng  vo l tage  values  (refer  to  Table  L. 2) .  Optional l y,  mon i tor  the  DUT’s  battery 
temperatu re  to  ensure  that  i t  does  not  exceed  Table  L. 2 .  I f  temperatu re  mon i toring  i s  used ,  
l i th i um-based  batteries  shal l  not  be  al lowed  to  exceed  45  °C  un less  h i gher temperatu res  
are  al l owed  by the  battery manu factu rer.  I f  the  charge  cycle  i s  s topped  by an  overcharge  
or overtemperatu re  protection  device  added  by the  test  l aboratory,  the  test  resu l ts  shal l  be  
considered  i nval id .  

l )  Check the  connections  and  setpoin ts,  then  beg in  data logg ing  and  start  the  s imu lated  
charg ing  cycle.  Cau tion :  Do  not  d isconnect  the  product  after  having  started  the  s imu lated  
charg ing  cycle.  The  e lectron ics  of  some  DUTs  can  be  damaged  i f  thei r  batteries  are  
d isconnected  wh i le  vol tage  i s  appl ied  to  the  PV i npu t.  

m )  After the  7  h  charg ing  cycle  i s  complete,  s top  the  power supply,  s top the  data l ogg ing ,  
d i sconnect  the  product  from  the  PV s imu lator,  and  veri fy  that  the  cu rren t  and  vo l tage  data  
are  val i d  wi th  a  qu ick check.  

R.4.3  Test  method  using  a  solar  array simu lator (SAS)  

R.4.3.1  Equ ipment  requ irements 

The  fo l lowing  equ ipment  i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  So lar array s imu lator  meeti ng  the  accuracy requ i rement  speci fi ed  i n  Table  CC. 2,  i nclud ing  
footnote  a.  

•  Vo l tage  data l oggers  (one  for  the  DUT’s  PV i npu t  and  one  for each  of  the  DUT’s  batteries) .   

•  Cu rren t  data l oggers  (e. g .  vo l tage  data l ogger and  cu rren t  transducer)  (one  for  the  DUT’s  
PV i npu t  and  one  for  each  battery) .   

N OTE  Most  DU Ts  have  on l y  one  battery.  
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•  Su rface-moun ted  thermocouple(s)  and  a  thermocouple  reader or  other su i table  surface-
moun ted  temperatu re  measurement  devices  (optional ) .  

•  Overcharge  d isconnect  device  that  wi l l  s top  a  DUT’s  d ischarge  when  the  DUT’s  battery 
reaches  a  speci fied  vol tage  ( i f  necessary) .  

I f  the  so lar  array s imu lator i ncludes  data- logg ing  functional i ty,  th is  functional i ty  may be  used  
i nstead  of  the  vo l tage  and  cu rren t  data loggers  at  the  PV i npu t,  provided  the  accuracy and  
resolu tion  requ i rements  for data l oggers  (Table  CC.2)  are  met.  

R.4.3.2  Test  prerequ isi tes  

The  test  prerequ is i tes  are  i den ti cal  to  those  for  the  test  method  usi ng  a  res istor network 
(R.4. 2.2) .  

R.4.3.3  Apparatus  

The  apparatus  i s  i den ti cal  to  that  for  the  test  method  us ing  a  resistor network (R.4. 2. 3) ,  
except  the  PV s imu lator ci rcu i t  ( i tem  1  i n  Figu re  R. 1 )  i s  replaced  wi th  a  so lar array s imu lator.  

R.4.3.4  Procedure 

The  fo l lowing  steps  shal l  be  fo l l owed .  

a)  Con figu re  the  solar array s imu lator to  s imu late  the  DUT’s  I -V cu rve  at  TMOT.   

b)  I f  the  solar  array s imu lator does  not  meet  the  accuracy requ i rement  described   
i n  Table  CC.2  accord ing  to  the  manufacturer’s  speci fi cations,  measure  the  s imu lator’s  I -V 
cu rve  and  veri fy  that  the  s imu lated  cu rren t  i s  wi th in  the  to lerance  speci fi ed  i n  Table  CC.2  
for  al l  appl i cable  vo l tage  values.  I f  the  measured  curren t  i s  not  wi th i n  the  speci fi ed  
to lerance,  the  so lar array s imu lator shal l  not  be  used  for  th is  DUT.  I f  the  so lar array 
s imu lator meets  the  accuracy requ i rement  described  i n  Table  CC. 2  accord ing  to  the  
manu facturer’s  speci fi cations,  th i s  s tep  i s  opti onal .  

c)  Set  up  the  prepared  DUT (see  requ i rements  i n  R.4. 3 .2)  and  PV s imu lator ci rcu i t  wi th  
cu rren t  and  vo l tage  sensors,  ensuring  the  PV simu lator ci rcu i t  i s  connected  such  that  i t  
replaces  on ly  the  part  o f  the  PV modu le  assembly i ncluded  i n  the  I -V cu rve  ( i . e .  the  PV 
s imu lator ci rcu i t  i s  connected  at  the  same  poin t  the  I -V curve  data were  measured) .  Set  
the  data- logg ing  i n terval  to  1  m inu te  or l ess.  Record  the  fo l l owing  quan ti t i es:  

– Curren t  en tering  the  DUT’s  battery(s) ,  i n  amperes  (A) .  

– Vol tage  across  the  DUT’s  battery(s) ,  i n  vo l ts  (V) .   

– Cu rren t  provided  by the  PV simu lator ci rcu i t,  i n  amperes  (A) .  

– Vol tage  across  the  PV s imu lator ci rcu i t  ou tpu t,  i n  vo l ts  (V) .  

d )  Program  the  so lar array s imu lator  to  s imu late  a  "standard  solar day"  of  charg ing  usi ng  the  
steps  i nd icated  i n  Table  R.2.  To  faci l i tate  i den ti f i cati on  of  so lar i rrad iance  l evels  du ring  
data analysis ,  short  pauses  at  0  vol ts  may be  i nserted  between  steps.  Ad just  the  cu rve  to  
the  reduced  so lar i rrad iance  levels  by ad justi ng  the  curren t  on ly,  accord ing  to  the  fo l lowing  
formu la:  

 

where  

ISAS  i s  the  current  at  each  po in t  on  the  s imu lated  I -V cu rve,  i n  amperes  (A) ;  

ITMOT  i s  the  cu rren t  at  each  po in t  on  the  measured  I -V curve,  ad justed  to  TMOT,  i n  
amperes  (A) ;  

Gs im  i s  the  s imu lated  so lar i rrad iance  from  Table  R.2,  i n  watts  per  square  metre  
(W/m2 ) .  

GTMOT  i s  the  solar  i rrad iance  at  TMOT (1  000  W/m2 ) .  
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e)  The  DUT’s  battery vo l tage  shal l  be  con tinuously mon i tored  such  that  the  battery vol tage  
shal l  not  exceed  a  safety  l im i t,  e i ther re lyi ng  on  the  i n ternal  charge  con tro l ler  or  based  on  
the  j udgement  of  the  l aboratory.  I f  necessary,  i n tegrate  the  overcharge  protection  
d i sconnect  device  i n to  the  setup.  The  overcharge  protecti on  device  shal l  d i sconnect  i f  
battery vol tage  ri ses  above  safety  l im i ts  that  are  determ ined  by the  l aboratory.  Refer to  the  
battery recommended  testing  practi ces  (Annex L)  for recommended  maximum  battery 
testing  vo l tage  values  (refer to  Table  L. 2) .  Optional l y,  mon i tor  the  DUT’s  battery 
temperatu re  to  ensure  that  i t  does  not  exceed  a  safe  value  (refer  to  Table  L. 2) .  I f  
temperatu re  mon i toring  i s  used ,  l i th i um-based  batteries  shal l  not  be  al lowed  to  exceed  
45  °C  un less  h igher temperatu res  are  al l owed  by the  battery manu factu rer.  I f  the  charge  
cycle  i s  s topped  by an  overcharge  or overtemperatu re  protecti on  device  added  by the  test  
l aboratory,  the  test  resu l ts  shal l  be  considered  i nval id .  

f)  Check the  connections  and  setpoin ts,  then  beg in  data l ogg ing  and  start  the  s imu lated  
charg ing  cycle.  Cau tion :  Do  not  d i sconnect  the  battery after having  started  the  s imu lated  
charg ing  cycle.  The  e lectron ics  of  some  DUTs  can  be  damaged  i f  thei r  batteries  are  
d i sconnected  wh i le  vol tage  i s  appl ied  to  the  PV i npu t.  

g )  After  the  7  h  charg ing  cycle  i s  complete,  s top the  power supply,  s top  the  data l ogg ing ,  
d i sconnect  the  battery from  the  PV simu lator,  and  veri fy that  the  curren t  and  vol tage  data 
are  val i d  wi th  a  qu ick check.  

R.4.4  Calcu lations   

The  fo l lowing  calcu lati ons  shal l  be  made.  

NOTE  1  I n  the  fo l l owi ng  procedu re,  "PV s i mu lator"  re fers  to  the  res i stor  network or  so lar  array s i mu lator,  
wh i ch ever i s  appl i cable  to  th e  test  method  used .  

a)  Determ ine  the  maximum  power avai lable  from  the  PV s imu lator (Pmax, s i m ,G)  at  each  
s imu lated  solar i rrad iance  level  G,  us i ng  the  fo l l owing  formu la:  

 

where  

Pmax, s im ,G  i s  the  maximum  power avai lable  from  the  PV s imu lator at  s imu lated  so lar 
i rrad iance  level  G,  i n  watts(W) ;  

V i s  the  vol tage  at  each  poin t  i n  the  i n terpolated  I -V cu rve,  i n  vol ts  (V) ;  

Ipvsi m ,G(V)  i s  the  s imu lated  cu rren t  at  so lar i rrad iance  l evel  G  and  vo l tage  V,  i n  
amperes  (A) .  I f  a  res istor  network i s  used ,  th i s  i s  the  f i tted  cu rren t  If i t ,G(V)  
calcu lated  i n  s tep  a)  of  R.4.2. 4,  as  a  function  of  vo l tage.  I f  a  so lar array 
s imu lator i s  used ,  th i s  i s  the  I -V cu rve  programmed  i n to  the  so lar array 
s imu lator,  as  a  function  of  vol tage.  

N OTE  2  Regard l ess  o f  the  test  method  used ,  th i s  quan ti ty  i s  the  power at  the  m axi mum  power po i n t  o f  the  
s imu lated  I -V  cu rve .  Th i s  quan ti ty  i s  cal cu l ated  from  the  DUT’s  I -V  cu rve,  n ot  from  the  measu remen ts  
performed  for  th i s  test.  

b)  For each  measurement  at  t ime  t,  i den ti fy  the  maximum  power avai lable  from  the  PV 
s imu lator (Pmax, s im (t) ) .  Th is  i s  the  maximum  avai lable  power Pmax, s i m ,G  at  the  so lar 
i rrad iance  l evel  G(t)  corresponding  to  t ime  t.  

c)  For each  measurement at  t ime  t,  compu te  the  power suppl i ed  by the  PV s imu lator  
(Ppvsi m (t) )  us ing  the  fo l l owing  formu la:  

 

where  

Ppvsi m (t)  i s  the  power suppl ied  by the  PV s imu lator  at  t ime  t,  i n  watts  (W) ;  

Ipvsi m (t)  i s  the  cu rrent  suppl ied  by the  PV s imu lator  at  t ime  t,  i n  amperes  (A) ;  

Vpvsi m (t)  i s  the  vol tage  suppl ied  by the  PV s imu lator  at  t ime  t,  i n  vo l ts  (V) .  

d )  For each  measurement at  t ime  t  and  each  battery i,  compu te  the  power del i vered  to  the  
battery (Pb, i(t) )  us ing  the  fo l lowing  formu la:  
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where  

Pb, i(t)  i s  the  power suppl ied  by the  PV s imu lator  at  t ime  t,  i n  watts  (W) ;  

Ib, i(t)  i s  the  cu rrent  suppl ied  by the  PV s imu lator  at  t ime  t,  i n  amperes  (A) ;  

Vb, i(t)  i s  the  vol tage  across  battery i  at  t ime  t,  i n  vo l ts  (V) .  

e )  I f  the  charge  con tro l ler  term inates  the  battery charge  du ring  the  test  ( for example,  i f  the  
battery i s  fu l l ) ,  the  battery-charg ing  ci rcu i t  effi ciency and  so lar operati on  effi ci ency shal l  be  
calcu lated  based  on  the  cu rren t  and  vo l tage  data prior  to  charge  term ination .  To  i den ti fy  
the  charge  term ination  t ime  and  detect  i f  the  even t  has  occurred ,  the  fo l l owing  procedure  
shal l  be  used .  

1 )  For each  battery i,  i den ti fy  the  battery-speci fi c  charge  term ination  t ime  (tend , i)  by  
plott ing  the  cu rren t  i n to  the  battery vs.  t ime  and  i den ti fying  the  time  at  wh ich  the  
cu rren t  d rops  to  zero  or  becomes  negati ve.  I f  the  cu rren t  does  not  d rop  to  zero,  bu t  
there  i s  a  clear change  i n  the  charg ing  reg ime as  the  battery approaches  a  fu l l  charge,  
the  tester may use  h i s  or  her d iscreti on  i n  determ in ing  whether charg ing  has  stopped.  
I f  the  current  d rops  to  zero  due  to  a  fu l l  battery,  bu t  then  i ncreases  ( for  example,  i f  the  
battery vol tage  drops  below the  overcharge  protection  vo l tage  and  charg ing  resumes) ,  
the  earl iest  cu toff  t ime  shou ld  be  used .  I n  any case,  the  tester  may use  h is  or her 
d i scretion  to  determ ine  the  most  accu rate  charge  term ination  t ime.  See  Figu re  R.3  
below for  examples.  

An  au tomated  method ,  such  as  a  spreadsheet  or  compu ter program,  may be  used  to  
i den ti fy  a  possible  value  for  the  charge  term ination  t ime,  provided  the  resu l t  obtained  
by such  a  method  i s  checked  for  correctness  by examin ing  the  plot  o f  the  cu rren t  vs.  
t ime.  The  tester  shou ld  also  check that  the  cu rren t  d ropped  to  zero  due  to  the  
behaviour  of  the  DUT,  not  due  to  a  data col lection  error,  l oose  connection ,  or  other 
fau l t  i n  the  test  apparatus  or  DUT.  

Due  to  no ise  or  measurement  error,  the  cu rren t  wi l l  sometimes  be  observed  to  drop  to  
a  l ow bu t  nonzero  value  rather  than  to  zero.  For  th i s  s tep,  the  curren t  shou ld  be  
considered  to  have  dropped  to  zero  i f  i t  d rops  to  a  value  that  i s  i nd isti ngu ishable  from  
zero  due  to  the  uncertain ty  i n  the  curren t  measurement.  

I f  pauses  were  i nserted  between  so lar i rrad iance  steps  to  faci l i tate  i den ti fi cation  of  
so lar i rrad iance  l evels,  some  DUTs  cou ld  restart  charg ing  after  a  pause,  even  i f  
charg ing  had  previously stopped.  I n  th is  case,  the  charge  term ination  t ime  shou ld  be  
the  fi rst  t ime  that  charg ing  stopped ,  before  the  pause.  

NOTE  3  I n  case  of  pu l se-wi d th  modu lati on  (PWM)  con tro l l ers ,  al i as i ng  e ffects  (beat  effects)  can  occu r due  to  u n -
syn ch ron i sed  PWM  frequency and  sampl i ng  frequency o f  the  cu rren t  l ogger.  Th i s  can  l ead  to  "chaot i c"  
measu rem ents  wh i ch  are  d i ff i cu l t  to  i n terpret.  
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Key 

X i s  t i m e  wi th  u n i ts  of  hou rs  on  the  hori zon tal  axi s  

Y i s  cu rren t  or  vo l tage  i n  arbi trary u n i ts  on  the  vert i cal  axi s  

 

1  i s  the  cu rren t  i n to  the  battery,  i n  arbi trary u n i ts  

2  i s  the  battery  vo l tage,  i n  arbi trary  u n i ts   

3  i nd i cates  the  ch arg e  term inati on  t i me  

NOTE  1  The  th i ck dashed  l i ne  i n d i cates  the  correct  charge  term inati on  t i me  for  each  battery.  The  battery  vo l tage  
i s  al so  pl o tted  for  reference.  

NOTE  2  P l ott i n g  the  battery  vo l tag e  can  be  h el pfu l  i n  determ i n i ng  wheth er the  charge  has  term in ated  due  to  the  
behaviou r of  the  DUT’s  ch arge  con tro l l er  or  du e  to  a  fau l t  i n  the  apparatus  or DU T.  Usual l y,  the  battery  vo l tage  wi l l  
reach  a  l ocal  maxim um  at  the  charg e  term i n ati on  t i me  and  then  remai n  constan t  o r  decrease  after ch arg i ng  s tops.  

Figure  R.3  – Example  plots  of  current  vs.  t ime for  four d i fferent  DUT batteries.   

2)  Determ ine  the  overal l  data analysis  end  t ime  ( ten d )  as  the  largest  value  of  ten d , i  for  al l  
batteries:  

 

where  

tend  i s  the  overal l  data analysis  end  time,  i n  hours  (h ) ;  

tend , i  i s  the  battery-speci fi c  data analysis  end  time  for  battery i,  i n  hours  (h ) .  

For the  remain ing  calcu lation  steps,  al l  energy totals  (Epvsi m ,  Emax, s im ,  and  Eb, i )  shal l  
be  calcu lated  using  on ly  the  values  for t imes  less  than  tend .  

f)  Determ ine  the  energy suppl ied  by the  PV s imu lator  (Epvsi m )  us ing  the  fo l l owing  formu la:  

 

where  

Epvsi m  i s  the  energy suppl ied  by the  PV s imu lator,  i n  watt∙ hours  (Wh) ;  
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t  i s  the  e lapsed  t ime,  i n  hou rs  (h ) ;  

tend  i s  the  overal l  data analysi s  end  t ime,  i n  hours  (h ) ;  

Ppvsi m (t)  i s  the  power suppl ied  by the  PV s imu lator at  t ime  t,  i n  watts  (W) ;  

∆t i s  the  du ration  of  t ime  associated  wi th  each  measurement,  i n  hours  (h ) .  

g )  Calcu late  the  maximum  avai lable  s imu lated  PV energy (Emax, s im )  us ing  the  fo l lowing  
formu la:  

 

where  

Emax, s im  i s  the  maximum  avai lable  s imu lated  PV energy,  i n  watt∙ hours  (Wh) ;  

t  i s  the  e lapsed  t ime,  i n  hou rs  (h ) ;  

tend  i s  the  overal l  data analysis  end  time,  i n  hours  (h ) ;  

Pmax, s im (t)  i s  the  maximum  power avai lable  from  the  PV s imu lator  at  t ime  t,  i n  watts  
(W) ;  

∆t  i s  the  du ration  of  t ime  associated  wi th  each  measurement,  i n  hours  (h ) .  

h )  Determ ine  the  energy del i vered  to  each  battery (Eb, i)  us ing  the  fo l l owing  formu la:  

 

where  

Eb, i  i s  the  energy del i vered  to  battery i,  i n  watt∙ hours  (Wh) ;  

t  i s  the  e lapsed  t ime,  i n  hou rs  (h ) ;  

tend  i s  the  overal l  data analysis  end  time,  i n  hours  (h ) ;  

Pb, i(t)  i s  the  power del i vered  to  battery i  at  t ime  t,  i n  watts  (W) ;  

∆t  i s  the  duration  of  t ime  associated  wi th  each  measurement,  i n  hours  (h ) .  

i )  Determ ine  the  energy al l ocation  ratio  for  each  battery us ing  the  fo l l owing  formu la:  

 where  

αi  i s  the  energy al l ocation  ratio  for  battery i,  a  un i tless  ratio ;  

Eb, i  i s  the  energy del i vered  to  battery i,  i n  watt∙ hours  (Wh) .  

j )  Determ ine  the  battery-charg ing  ci rcu i t  effi ciency (ηbcc)  us ing  the  fo l l owing  formu la:  

 

where  

ηbcc   i s  the  battery-charg ing  ci rcu i t  effi ciency as  a  fraction ,  from  the  battery test  
(Annex K) ;  

Eb, i   i s  the  energy del i vered  to  battery i,  i n  watt∙ hours  (Wh) ,  from  the  fu l l -battery 
run  t ime  test  (Annex M) ;  

Epvsi m  i s  the  energy suppl i ed  by the  PV s imu lator,  i n  watt∙ hours  (Wh) .  

k)  Estimate  the  so lar operati on  effi ciency (ηsol -op)  us i ng  the  fo l l owing  formu la:  
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where  

ηso l -op  i s  the  solar  operati on  effi ci ency as  a  fraction ;  

Emax, s im  i s  the  maximum  avai lable  s imu lated  PV energy,  i n  watt∙ hours  (Wh) ;  

Epvsi m   i s  the  energy suppl i ed  by the  PV s imu lator,  i n  watt∙ hours  (Wh) .  

l )  I f  the  DUT was  con fi gu red  accord ing  to  method  1  i n  R.4.2. 2,  or  optional ly  i f  the  DUT was  
con fi gu red  accord ing  to  method  2 ,  estimate  the  so lar run  t ime  on  each  setti ng  for  each  
battery wi th  the  fo l l owing  formu la:  

 

where  

tSRT, s , i  i s  the  solar  run  time  on  setting  s  for  battery i,  i n  hours  (h ) ;  

Esolar  i s  the  total  so lar  resource,  i n  ki lowatt∙ hours  per  square  metre  (kWh/m2 )  – 
typical l y  use  the  standard  solar day,  5  kWh/m2 ;  

Pmpp, TMOT  i s  the  maximum  power poin t  power of  the  PV modu le  at  TMOT i n  watts  (W) ;  

ηso l -op  i s  the  solar  operati on  effi ciency as  a  fraction ;  

αi  i s  the  al location  ratio  for  battery i,  a  un i tless  rati o;  

ηbcc  i s  the  battery-charg ing  ci rcu i t  effi ciency as  a  fraction ;  

ηbatt  i s  the  battery effi ciency as  a  fraction ;  

PFBR, s , i  i s  the  average  power du ri ng  the  fu l l -battery run  t ime  test  on  setting  s  for  
battery i  i n  watts  (W) ;  

tFBR, s , i  i s  the  fu l l -battery run  t ime  on  setti ng  s  for  battery i  i n  hours  (h ) .  

N OTE  4  Th i s  so l ar  run  t i me  cal cu l at i on  i s  most  appropri ate  fo r  products  i n  wh i ch  th e  battery  and  l i g h t  po i n t(s )  
are  i n teg rated  i n to  a  s i ng le  un i t .  For  products  wi th  detach able  l i g h t i ng  u n i ts  an d  non - l i gh t i ng  appl i ances,  the  
en erg y servi ce  cal cu lati ons  defi ned  i n  Annex  GG  provi de  a  more  comprehen sive  and  f l exi bl e  approach  to  
esti mati ng  dai l y  en erg y an d  servi ces .  

m )  Optional l y,  repeat  the  previous  step wi th  an  al ternati ve  solar resource.  Th i s  step  shou ld  be  
performed  i f  the  DUT’s  packag ing  or  documentati on  expl ici t l y  adverti ses  performance  at  
so lar resource  values  other  than  5  kWh/m2/day.  

n )  For each  t ime  t,  calcu late  the  i nstan taneous  battery-charg ing  ci rcu i t  effi ciency (ηbcc(t) )  
us ing  the  fo l l owing  formu la:  

 

where  

ηbcc(t)   i s  the  i nstan taneous  battery-charg ing  ci rcu i t  effi ciency at  t ime  t  as  a  fraction ;  

Pb, i(t)  i s  the  power del i vered  to  battery i  at  t ime  t,  i n  watts  (W) ;  

Ppvsi m (t)  i s  the  power suppl ied  by the  PV s imu lator at  t ime  t,  i n  watts  (W) .  

o )  For each  t ime  t,  calcu late  the  i nstan taneous  so lar operation  effi ciency (ηsol -op(t) )  us ing  the  
fo l lowing  formu la:  

 

where  

ηso l -op(t)   i s  the  i nstan taneous  so lar operation  effi ciency at  t ime  t  as  a  fraction ;  
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Ppvsi m (t)  i s  the  power suppl ied  by the  PV s imu lator  at  t ime  t,  i n  watts  (W) ;  

Pmax, s im (t)  i s  the  maximum  power avai lable  from  the  PV s imu lator  at  t ime  t,  i n  watts  
(W) ;  

p)  Based  on  the  test  data,  i den ti fy  i f  the  fo l lowing  characteri sti cs  are  presen t  i n  the  ci rcu i t  
between  the  solar modu le  and  the  battery.  

– DC-DC converter:  i f  presen t,  the  sum  of  the  cu rren t  en tering  al l  batteries  does  not  
equal  the  cu rren t  del i vered  from  the  PV s imu lator.  

– Constan t  cu rren t  wi th  vo l tage  drop:  i f  presen t,  the  sum  of  the  cu rren t  en tering  al l  
batteries  equals  the  cu rren t  del i vered  from  the  PV s imu lator th roughou t  the  test.  Use  
the  relati onsh ip  between  cu rren t  and  vo l tage  drop to  approximate  the  resistance  and/or 
d iode  characteristics  of  the  ci rcu i t.  The  vo l tage  drop as  a  function  of  cu rren t  i n  th is  
case  wi l l  be  equal  to  a  constan t  term  (d iode)  pl us  a  l i near term  (resistor) .   

q )  For  each  battery i,  calcu late  the  average  vo l tage  from  the  start  o f  the  test  to  tend , i.  Th is  i s  
the  average  charg ing  vo l tage.  

R.5  Reporting  

Report  the  fo l lowing  i n  the  e lectron ics  effi ciency test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu facturer;  

– DUT name;  

– DUT model  number;  

– name  of  test  l aboratory;  

– approving  person ;  

– aate  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– battery-charg ing  ci rcu i t  effi ciency (%) ;  

– so lar operation  effi ci ency (%) ;  

– so lar run  t ime  from  a  standard  so lar day on  each  setting  (when  appl i cable) ;  

– so lar  run  t ime  from  an  al ternati ve  solar day on  each  setti ng  (optional ) ;  

– average  charg ing  vo l tage  for  each  battery (V) .  

•  Average  of  n  sample  resu l ts  for  tested  DUT aspects .  

•  Coefficien t  of  variati on  of  n  sample  resu l ts  for  tested  DUT aspects.  

•  So lar  charg ing  ci rcu i t  characteristics.  

•  Comments:  

– i nd i vidual  comments,  as  necessary,  for samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  of  samples  1  th rough  n.  

•  F i gu res  

– P lot  showing  the  so lar charg ing  cycle  for  each  sample  i n  t ime  series  over the  7-hour 
charg ing  period  i nclud ing  the  maximum  power avai lable  from  the  PV s imu lator 
(Pmax, s i m (t) ) ,  actual  power suppl i ed  by the  PV s imu lator  (Ppvsi m (t) ) ,  and  power 
del i vered  to  the  batteries  (Pb, i(t) )  (see  Figu re  R. 4  for  an  example  plot) .  (Th is  may be  
plotted  as  the  sum  over al l  batteries  or separately  for  each  battery. )  I n  a  separate  plot  
or  on  a  secondary axis  show the  i nstan taneous  so lar operati on  effi ciency and  
i nstan taneous  battery-charg ing  ci rcu i t  effi ciency i n  t ime  series  (see  Figu re  R.5  for an  
example  plot) .   
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Key 

X i s  t i m e  wi th  u n i ts  of  hou rs  on  the  hori zon tal  axi s  

Y i s  power  wi th  un i ts  of  watts  on  the  verti cal  axi s  

 

1  i s  the  m aximum  power avai l abl e  from  the  PV s i mu lator  (Pm ax, s i m (t) ) ,  i n  watts  

2  i s  th e  actu al  power  suppl i ed  by the  PV s imu lator  (Ppvs i m (t) ) ,  i n  watts  

3  i s  the  power de l i vered  to  the  batteri es  (Pb, i(t) ) ,  i n  watts  

Figure  R.4  – Example  time series  plot  of  the  solar charg ing  cycle  showing  
the  maximum  power avai lable  from  the  PV simu lator,  actual  power suppl ied  

by the  PV simulator,  and  power del ivered  to  the  batteries  

IEC  

Y
 

X 0  1  2  3  4  5  6  7  
0  

0, 1  

0, 2  

0, 3  

0, 4  

0, 5  

0, 6  

1  2  
3  



 – 1 90  – IEC  TS  62257-9-5:201 6    I EC  201 6  

 

Key 

X i s  t i m e  wi th  u n i ts  of  hou rs  on  the  hori zon tal  axi s  

Y i s  e ffi ci ency as  a  percen t  on  the  vert i cal  axi s  

 

1  i s  the  i n stan taneou s  battery-charg i ng  ci rcu i t  eff i c i ency (ηbcc(t) ) ,  as  a  percen t  

2  i s  the  i n s tan taneous  so l ar  operati on  e ff i ci ency  (ηso l -op(t) ) ,  as  a  percen t  

Figure  R.5  – Example  time series  plot  of  the  solar charg ing  cycle  showing  the  
instantaneous  battery-charg ing  ci rcu i t  efficiency and  solar operation  efficiency 

 

IEC  

Y
 

0  

1 00  %  

1  2  3  4  5  6  7  X 

90  %  

80  %  

70  %  

60  %  

50  %  

40  %  

30  %  

20  %  

1 0  %  

0  %  

1  

2  



I EC  TS  62257-9-5:201 6    I EC  201 6  – 1 91  – 

Annex S 
(normative)  

 
Charge control ler behaviour test  

 

S.1  Background  

Deep d ischarge  and  overcharge  protection  i s  importan t  for user safety and  battery longevi ty.  
Charge  con trol  i s  most  cri t i cal  for  products  wi th  l ead-acid ,  Li - ion ,  and  LiFePO4  batteries.   

The  charge  con trol ler  behaviour  test  con tains  f i ve  methods  to  examine  a  DUT’s  charge  
con tro l ler.  Every DUT shal l  be  tested  wi th  the  acti ve  deep  d ischarge  method,  where  the  DUT 
i s  d i scharged  un ti l  reach ing  i ts  l ow-vol tage  d isconnect  (LVD)  vol tage  or  appropriate ly 
exceed ing  i ts  recommended  deep d i scharge  vo l tage  th reshold .  Every DUT shal l  also  be  
tested  wi th  the  acti ve  overcharge  protection  method ,  where  the  DUT i s  charged  un ti l  reach ing  
i ts  overvol tage  protection  (OVP)  vo l tage  or  appropriate ly  exceed ing  i ts  recommended  OVP 
vol tage  th reshold .  For DUTs  that  have  no  acti ve  deep  d ischarge  protection ,  the  passive  deep  
d ischarge  protection  method  shal l  be  used ,  where  the  DUT’s  battery vo l tage  i s  examined  for  
safety  du ring  a  l ong -term  d ischarge.  For DUTs  wi th  N iMH  batteries  that  have  no  acti ve  
overcharge  protection ,  the  passive  overcharge  protection  method  shal l  be  used ,  where  the  
DUT’s  l ong -term  charg ing  curren t  i s  examined  for  safety.  

Every DUT shal l  also  be  examined  for  s tandby l osses.  A DUT’s  e lectron ics  can  draw 
substan tial  amoun ts  of  energy from  the  DUT’s  batteries  wh i l e  the  DUT i s  not  i n  use,  and  th is  
s tandby loss  can  lead  to  shorter run  t imes  or  problems  when  storing  the  DUT for  l ong  periods  
of  t ime.   

The  choice  of  test  methods  and  assessment  of  the  appropriateness  of  charge  con tro l  shou ld  
i nclude  i npu t  from  the  battery manufacturer  and/or  system  in tegrator abou t  the  approach  to  
charge  con tro l  and  the  design  values  for  cu toff  or  o ther con tro l  algori thms.  The  best  practi ce  
for  testi ng  i s  to  establ i sh  what the  design  algori thm  and  setpoin ts  are  and  measure  for  those  
us ing  the  appropriate  methods.  The  assessment  of  whether charge  con tro l  i s  presen t  and  
appropriate  shal l  then  be  based  on  the  combination  of  two  factors:  the  appropriateness  of  the  
design  values  and  whether the  design  was  accurately  real i zed  as  shown  during  the  tests.   

S.2  Test  outcomes 

The  test  ou tcomes  of  the  charge  con tro l l er  behaviour  test  are  l i s ted  i n  Table  S. 1 .  

Table  S. 1  – Charge control ler  behaviour test  outcomes 

Metric  Reporting  un i ts  Related  aspects  Notes  

Acti ve  deep  d i scharg e  
pro tect i on  

Yes/n o  4 . 2 . 3 . 1 3  Battery 
protecti on  s trateg y  

- -  

Deep  d i scharge  protecti on  
vo l tage  

Vo l ts  (V)  4 . 2 . 3 . 1 3  Battery  
protecti on  s trategy  

M easu red  on l y  i f  the  DU T 
h as  acti ve  deep  d i scharge  
pro tecti on  

Acti ve  overcharge  protecti on  Yes/no  4 . 2 . 3 . 1 3  Battery 
protecti on  s trateg y  

- -  

Overcharge  protecti on  
vo l tage  

Vo l ts  (V)  4 . 2 . 3 . 1 3  Battery  
protecti on  s trategy  

M easu red  on l y  i f  the  DU T 
h as  acti ve  overch arge  
pro tecti on  

Passi ve  deep  d i scharge  
pro tect i on  

Yes/n o  4 . 2 . 3 . 1 3  Battery  
protecti on  s trateg y  

- -  
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Metric  Reporting  un i ts  Related  aspects  Notes  

Passi ve  deep  d i scharge  
pro tect i on  battery  vo l tage  at  
24  h  

Vo l ts  per  ce l l  (V/ce l l )  4 . 2 . 3 . 1 3  Battery 
protecti on  s trateg y  

Requ i red  on l y  i f  tested  for  
pass i ve  deep  d i sch arge  
protect i on  

Passi ve  overcharge  
pro tect i on  

Yes/n o  4 . 2 . 3 . 1 3  Battery  
protecti on  s trateg y  

Measu red  on l y  for  N iMH  
batteri es  wi th  no  act i ve  
overch arge  protecti on  

Passi ve  overcharge  
pro tect i on  con ti nuou s  
ch arg i ng  cu rren t  

M i l l i amperes  (m A)  4 . 2 . 3 . 1 3  Battery 
protecti on  s trateg y  

Requ i red  on l y  i f  tested  for  
pass i ve  overcharge  
protect i on  

Stan dby l oss  cu rren t  Amperes  (A)  4 . 2 . 3 . 1 3  Battery  
protecti on  s trateg y  

Cu rren t  that  i s  d rawn  from  a  
product’ s  battery  when  th e  
product  i s  swi tched  o ff  when  
at  50  % s tate  of  charge  

 

S.3  Related  tests 

The  resu l ts  of  the  acti ve  deep d i scharge  protection  test  (S.4. 1 )  may be  substi tu ted  wi th  
resu l ts  of  the  fu l l -battery run  t ime  test  combined  wi th  deep  d ischarge  protection  measurement  
(M .4.2) .  

The  resu l ts  of  the  passive  deep  d ischarge  protection  test  (S.4.3)  may be  substi tu ted  wi th  
resu l ts  of  the  fu l l -battery run  t ime  test  combined  wi th  deep  d ischarge  protection  measurement  
(M .4.2) .   

Annex S  shal l  be  performed  after  the  ou tdoor photovol taic  modu le  IV characteristi cs  test  
(Annex Q)  for so lar-charged  products  because  the  acti ve  overcharge  protecti on  test  (S.4.2)  
requ i res  the  DUT’s  maximum  power po in t  cu rren t  (Impp)  and  the  passive  overcharge  
protection  test  (S.4. 4)  requ i res  the  DUT’s  en ti re  I -V cu rve  data set.  

The  DUT’s  fu l l  battery run  t ime  from  the  fu l l -battery run  t ime  test  procedure  (Annex M)  i s  
requ i red  to  set  the  DUT’s  battery to  the  proper state  of  charge  du ring  the  standby loss  test.   

S.4 Procedure 

S.4.1  Active  deep d ischarge protection  test  

S.4.1 . 1  General  

The  DUT i s  d i scharged  un ti l  i ts  battery vo l tage  reaches  the  DUT’s  LVD  vol tage  or  the  l ow-
vol tage  d i sconnect  device’s  set  poin t.  

S.4.1 .2  Equ ipment  requ irements  

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  DC  vo l tmeter  or  mu l t imeter.   

•  Vo l tage  data l ogger (recommended) .  

•  Ammeter or cu rren t  data logger (e . g .  vo l tage  data l ogger wi th  a  curren t  transducer)  
(cu rren t  data- logger recommended) .  

•  Low-vol tage  d isconnect  device  that  wi l l  s top  a  DUT’s  d i scharge  when  the  DUT’s  battery 
reaches  a  speci fi ed  vo l tage  (recommended) .   

The  total  series  resistance  added  by the  test  apparatus  and  al l  measurement  equ ipment  shal l  
be  no  more  than  60  mΩ .  Th is  value  i ncludes  the  resistance  of  the  wi res  and  connectors,  i f  any,  
added  i n  the  sample  preparation  procedure  (G .4.4) .  
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S.4.1 .3  Test  prerequ isi tes  

The  DUT shal l  be  e i ther fu l l y  charged  at  the  start  o f  the  test  or charged  enough  to  provide  at  
l east  20  m in  of  service  before  reach ing  i ts  deep  d i scharge  protection  vo l tage  or  reach ing  
su ffi cien tl y  below the  recommended  deep  d i scharge  protection  vo l tage  th reshold  for  the  
DUT’s  battery chemistry  (see  Table  L. 1  for  recommended  th resholds) .  

I f  the  DUT’s  battery needs  to  be  charged ,  charge  the  battery us ing  one  of  the  two  procedures  
accord ing  to  the  DUT’s  battery chemistry.  

•  I f  the  DUT’s  battery i s  o f  N iMH  chemistry,  then  use  the  procedures  i n  the  battery test  
(Annex K)  – e i ther  the  overcharge  or  negati ve  s lope  charg ing  methods  i n  K. 4.3 . 1 .   

•  I f  the  DUT’s  battery i s  of  any other chemistry,  then  use  the  procedures  i n  the  acti ve  
overcharge  protection  test  (S.4.2) .  I f  the  DUT’s  so lar modu le  has  not  yet  been  tested ,  then  
set  up  the  apparatus  accord ing  to  Figu re  S. 1  and  set  the  cu rren t  l im i t  to  the  rated  
maximum  power po in t  curren t  at  STC,  Impp .   

S.4.1 .4  Apparatus 

The  DUT shal l  be  set  i n  a  secure  l ocation  such  that  i ts  parameters  can  be  mon i tored  and/or 
data- logged .  

I f  necessary,  a  l ow-vol tage  d isconnect  device  may be  used  that  mon i tors  the  battery vo l tage  
and  can  cu t  the  battery ci rcu i t  i f  the  vo l tage  drops  below a  predetermined  level .  

S.4.1 .5  Procedure 

The  fo l lowing  steps  shal l  be  fo l l owed .  

a)  I f  i t  i s  unclear i f  the  DUT has  deep d i scharge  protection  for i ts  battery,  the  tester may 
prepare  the  l ow-vol tage  d i sconnect  device  so  that  i t  s tops  the  DUT’s  d ischarge  i f  the  
DUT’s  battery reaches  the  m in imum  battery testing  vo l tage  speci fi ed  i n  Annex L.   

b)  Set  and  secure  the  DUT i n  a  safe  l ocation  to  preven t  i n terference  and  plug  i n  al l  the  
i ncluded  appl iances  that  the  DUT can  power.  Tu rn  on  the  DUT to  beg in  d i scharg ing  the  
battery.  The  DUT service(s)  shal l  be  on  i n  h i ghest  setti ng (s)  ( i . e . ,  l i gh ts  i n  the i r  bri gh test  
setti ng ,  fan  i n  i ts  fastest  speed) .  Continuously mon i tor the  DUT’s  battery term inal  vol tage  
and  cu rren t  at  the  negati ve  battery term inal .  The  battery vo l tage  and  curren t  shal l  be  
col lected  at  i n tervals  l ess  than  or  equal  to  1  m in .  

N OTE  I n  case  o f  pu l se-wi d th  modu lat i on  (PWM)  con tro l l ers ,  al i as i ng  e ffects  (beat  e ffects)  can  occu r when  
data l ogg i ng  due  to  u n synch ron i sed  PWM  frequency an d  sampl i n g  frequency o f  the  cu rren t  l ogg er.  Th i s  can  
l ead  to  "chaoti c"  measu rem en ts  wh i ch  are  d i ff i cu l t  to  i n terpret .  

c)  I f  the  DUT has  acti ve  deep d ischarge  protection ,  one  of  two  observations  wi l l  be  seen :  (1 )  
an  abrupt  drop  wi l l  occur i n  the  function ing  of  the  DUT’s  appl iance(s)  and  cu rren t  f l ow wi l l  
qu ickly  decrease  to  0  A,  or  (2)  a  re lati vely  qu ick drop  wi l l  occu r i n  the  function ing  of  the  
DUT’s  appl iance(s)  and  cu rren t  wi l l  u l t imately  decrease  to  0  A.  The  DUT’s  battery vol tage  
at  the  i nstan t  before  the  l i gh t  ou tpu t  reaches  zero  i s  the  acti ve  deep d ischarge  protection  
vo l tage.  Typical l y  after  reach ing  i ts  deep  d i scharge  protection  vo l tage,  the  DUT’s  battery 
vo l tage  i ncreases.  

d )  I f  the  battery con tains  i n ternal  ci rcu i try  ( refer to  F.4. 3 . 5)  and  the  measured  deep  d i scharge  
protection  vo l tage  i s  ou ts ide  of  the  targets  speci fi ed  by the  manu factu rer (D .3. 2.2)  or  the  
DUT’s  battery vol tage  fal l s  below the  recommended  deep d ischarge  protection  vo l tage  
speci fied  i n  Annex L,  the  test  may be  repeated  wi th  the  vo l tage  data logger connected  on  
the  battery s ide  of  the  i n ternal  ci rcu i try,  i f  the  test  l aboratory determ ines  that  i t  i s  safe  to  
do  so.  

e)  I f  no  acti ve  deep d i scharge  protection  i s  observed ,  perform  the  passive  deep  d i scharge  
protection  test  (S.4. 3) .  

f)  I f  the  l ow-vol tage  d isconnect  device  stops  the  DUT’s  d ischarge  during  the  test,  record  that  
the  battery vo l tage  reached  the  m in imum  battery testing  vol tage  and  that  no  deep 
d i scharge  vo l tage  was  observed .  
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S.4.1 .6  Calcu lations 

There  are  no  calcu lati ons  for  the  acti ve  deep d i scharge  protection  test.   

S.4.2  Active  overcharge protection  test  

S.4.2. 1  General  

The  DUT i s  charged  un ti l  i ts  battery vo l tage  reaches  the  DUT’s  OVP  vol tage  or  the  
overcharge  protection  d i sconnect  device’s  set  poin t,  or  i f  the  battery’s  temperatu re  exceeds  a  
safe  value  (refer  to  Table  L. 2) .  

S.4.2.2  Equ ipment  requ irements 

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  DC  power supply  or  so lar array s imu lator.  

•  DC  vol tmeter or  mu l timeter.  

•  DC  ammeter or  mu l timeter.  

•  Vo l tage  data l ogger (optional ) .  

•  Cu rren t  data l ogger (e . g .  vo l tage  data logger wi th  a  curren t  transducer)  (opti onal ) .  

•  Series  resistor or  series  and  paral le l  resistors  (or  variable  res istors)  for s imu lating  PV 
i npu t  (when  us ing  a  DC  power supply  as  opposed  to  a  so lar array s imu lator) .  

•  Su rface-moun ted  thermocouple(s)  and  a  thermocouple  reader (optional ) .  

•  AC  power adapter suppl i ed  wi th  the  DUT ( for  DUTs  wi th  a  g ri d -charg ing  option  and  no  
solar-charg ing  option) .  

•  Overcharge  d isconnect  device  that  wi l l  s top  a  DUT’s  d ischarge  when  the  DUT’s  battery 
reaches  a  speci fied  vo l tage  ( i f  necessary) .  

The  total  series  resistance  added  by the  test  apparatus  and  al l  measurement equ ipment  shal l  
be  no  more  than  60  mΩ .  Th is  value  i ncludes  the  resistance  of  the  wi res  and  connectors,  i f  any,  
added  i n  the  sample  preparation  procedure  (G .4.4) .  

S.4.2.3  Test  prerequ isi tes  

The  DUT shal l  be  e i ther fu l l y  d i scharged  at  the  start  o f  the  test  or  d i scharged  enough  to  
accept  at  l east  20  m in  of  charg ing  before  reach ing  i ts  overcharge  protection  vo l tage  or  the  
overcharge  d i sconnect  device’s  cu toff,  wh ich  may be  selected  based  on  i n formation   
i n  Table  L. 2  i f  the  overcharge  vol tage  set  po in t  i s  not  suppl ied  by the  manu factu rer.  

S.4.2.4  Apparatus  

The  DUT shal l  be  set  i n  a  secure  l ocation  such  that  i ts  parameters  can  be  mon i tored  and/or 
data- logged .  I f  the  DUT has  a  so lar-charg ing  option ,  the  DUT i s  charged  via  the  PV modu le  
socket  from  a  DC  power supply  wi th  a  series  resistor  i n  place  (Figu re  S. 1 ) .  An  al ternative  i s  to  
charge  the  DUT via  the  PV modu le  socket  from  a  DC  power supply wi th  a  series  resistor  and  
paral le l  res istor i n  p lace  (Figure  R. 1 ) ,  or  us ing  a  solar array s imu lator.  I f  the  product  does  not  
have  a  solar-charg ing  option ,  the  DUT shal l  be  charged  via  i ts  provided  g rid  charger or  
charged  via i ts  e lectromechan ical  charg ing  process  or by a  DC  power supply con figu red  to  
s imu late  the  e lectromechan ical  charg ing  device.  
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5  DUT’s  PV m odu l e  i n pu t  socket  
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a  Set  cu rren t  l i m i t i ng  wi th  th e  maxi mum  power po i n t  cu rren t  at  STC,  Im pp ,  from  the  ou tdoor  photovol tai c  modu l e  
I -V  characteri s ti cs  test  (Annex  Q) ,  o r,  i f  th e  product  i s  charged  wi th  o ther  m eans  set  the  cu rren t  to  the  typi cal  
de l i very  cu rren t  for  the  charg i ng  system.  

Figure  S.1  – Schematic  of  the  DC power supply-DUT connection  using  
a  series  protection  resistor 

S.4.2.5  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed  i f  the  DUT has  a  solar  charg ing  option .  

a)  I f  the  setup  i ncludes  the  paral le l  res istor (Figu re  R. 1 ) ,  ad just  the  curren t  l im i t ing  value  of  
the  DC power supply  to  the  curren t  setpoin t  at  1  000  W/m 2  i rrad iance,  Isim , 1 000 ,  calcu lated  
i n  the  solar charge  test  (Annex R) .  Also  ad just  the  vol tage  of  the  DC  power supply,  Vps ,  to  
the  vo l tage  setpoin t,  Vsim ,  calcu lated  i n  the  so lar charge  test  (Annex R) .  Also  set  the  
series  resistance,  Rs ,  and  the  paral le l  resistance,  Rp ,  to  the  values  calcu lated  i n  the  so lar 
charge  test  (Annex R) .  Skip  steps  b)  th rough  f)  and  proceed  to  step  g ) .  

b)  I f  the  setup uses  a  solar array s imu lator,  con figure  the  so lar array s imu lator as  for the  
so lar charge  test  (Annex R)  to  s imu late  the  I -V cu rve  at  an  i rrad iance  of  1  000  W/m 2 .  Skip  
steps  c)  th rough  f)  and  proceed  to  step  g ) .  

c)  I f  the  setup  i ncludes  a  series  resistor on ly  (Fi gure  S. 1 ) ,  ad just  the  cu rren t  l im i ti ng  value  of  
the  DC  power supply to  the  PV modu le ’s  maximum  power po in t  cu rren t  at  TMOT,  
Impp, TMOT  ( refer  to  the  resu l ts  of  the  ou tdoor photovol taic  modu le  I -V characteri sti cs  test  
(Annex Q) ) .  

d )  Due  to  vol tage  drops  from  the  PV modu le ’s  blocking  d iode,  cable  losses,  and  the  series  
resistor,  set  the  power supply  ou tpu t  vo l tage,  Vps ,  u s ing  the  fo l lowing  formu la:  

 

where   

Vps   i s  the  DC  power supply  ou tpu t  vo l tage,  i n  vol ts  (V) ;  

Vb, max   i s  the  DUT’s  battery’s  maximum  charge  vo l tage,  i n  vol ts  (V) ,  wh ich  may be  
obtained  from  the  battery testi ng  recommended  practi ces  annex (Annex L) .  
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e)  Connect  the  PV modu le  socket  of  the  DUT to  the  DC  power supply  i n  series  wi th  a  
protection  resistor.  I n  cases  where  the  DUT has  an  i n tegrated  PV modu le,  connect  the  
posi t i ve  and  negati ve  wi res  from  the  DUT that  were  attached  to  the  PV modu le  to  the  DC  
power supply i n  series  wi th  a  protection  resistor.  (Th is  protection  resistor i s  on ly  needed  i n  
cases  where  a  "shun t  regu lator"  i s  bu i l t  i n ;  however,  as  a  schematic  of  the  DUT’s  
e lectron ics  i s  usual l y  not  provided ,  th is  resistor shou ld  be  used  i n  al l  cases  for  safety 
reasons) .  The  vo l tage  drop  i n  the  series  resistor shou ld  be  between  1 0  % and  1 5  % of  the  
vol tage  setting  of  the  DC  power supply  (Vps ) ;  therefore,  s i ze  the  resistor  based  on  the  
fo l lowing  formu la:  

 

where   

Vps   i s  the  DC  power supply  ou tpu t  vo l tage,  i n  vol ts  (V) ;  

Impp, TMOT   i s  the  PV modu le ’s  maximum  power poin t  curren t  at  TMOT,  i n  amperes  (A) ,  
obtained  from  the  ou tdoor photovol taic  modu le  I -V characteristi cs  test  
(Annex Q) ;  

Rs   i s  the  resistance  of  the  series  resistor,  i n  ohms  (Ω) .  

f)  Ensure  the  series  resistor’s  power d i ssipation  rati ng  i s  g reater than  or  equal  to  the  value  
g i ven  by the  fo l l owing  formu la:   

 

where   

Prs   i s  the  series  resistor’s  m in imum  requ i red  power d i ssipation ,  i n  watts  (W) ;  

Impp, TMOT   i s  the  PV modu le ’s  maximum  power poin t  curren t  at  TMOT,  i n  amperes  (A) ,  
obtained  from  the  ou tdoor photovol taic  modu le  I -V characteristi cs  test  
(Annex Q) ;  

Rs   i s  the  resistance  of  the  series  resistor,  i n  ohms  (Ω) .  

g )  I f  i t  i s  unknown  whether the  DUT has  an  overcharge  protection  d i sconnect,  i n tegrate  the  
overcharge  protection  d isconnect  device  i n to  the  setup.  The  overcharge  protection  device  
shal l  d i sconnect  i f  battery vo l tage  ri ses  above  safety l im i ts  that  are  determ ined  by the  
l aboratory.  I n  some cases,  the  DUT’s  charge  con trol ler  wi l l  be  designed  wi th  an  OVP 
battery vol tage  that  i s  g reater than  the  overcharge  protection  device’s  cu toff;  therefore,  
the  tester has  the  d i scretion  to  al low the  battery vol tage  to  proceed  above  the  
recommended  OVP vol tage  th reshold  i f  deemed  safe  and  necessary.  For Li - i on  batteries,  
the  battery vo l tage  shal l  not  exceed  the  maximum  safe  value  speci fied  by the  battery 
suppl ier,  or  4 , 26  V/cel l  i f  no  suppl ier-provided  i n formation  i s  avai lable;  o therwise  there  i s  a  
ri sk of  explosion .  Optional l y,  mon i tor the  DUT’s  battery temperatu re  to  ensure  that  i t  does  
not  exceed  a  safe  value  (refer to  Table  L. 2) .  I f  temperatu re  mon i tori ng  i s  used ,  l i th ium-
based  batteries  shal l  not  be  al l owed  to  exceed  45  °C  un less  h i gher temperatu res  are  
al lowed  by the  battery manu facturer.  

h )  Charge  the  DUT at  wh i le  con ti nuously mon i toring  the  DUT’s  battery term inal  vo l tage  and  
cu rren t  at  the  negative  battery term inal .  The  battery vol tage  and  cu rren t  shal l  be  co l lected  
at  i n tervals  l ess  than  or  equal  to  1  m in .   

N OTE  I n  case  o f  pu l se-wi d th  modu lat i on  (PWM)  con tro l l ers ,  al i as i ng  e ffects  (beat  e ffects)  can  occu r when  
data l ogg i ng  due  to  u n synch ron i sed  PWM  frequency and  sampl i ng  frequency o f  the  cu rren t  l ogger.  Th i s  can  
l ead  to  "chaoti c"  measu rem en ts  wh i ch  are  d i ff i cu l t  to  i n terpret .  

i )  I f  the  DUT au tomatical l y  s tops  accepting  charge,  the  h i ghest  vo l tage  measured  du ri ng  the  
test  i s  the  DUT’s  overcharge  protection  vo l tage.  For some  DUTs,  the  cu rren t  wi l l  not  s top  
completely,  bu t  wi l l  beg in  tapering  off  when  the  DUT’s  battery vol tage  reaches  i ts  
overcharge  protection  vo l tage.  Con ti nue  mon i toring  un ti l  the  DUT's  battery vo l tage  i s  no  
l onger ri s i ng .   

j )  I f  the  battery con tains  i n ternal  ci rcu i try  (refer  to  F.4. 3 .5)  and  the  measured  overcharge  
protection  vol tage  i s  ou ts ide  of  the  targets  speci fi ed  by the  manu factu rer (D .3 . 2. 2)  or  the  
DUT’s  battery vol tage  exceeds  the  recommended  overcharge  protecti on  vol tage  speci fi ed  
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i n  Annex L,  the  test  may be  repeated  wi th  the  vo l tage  data l ogger connected  on  the  
battery s ide  of  the  i n ternal  ci rcu i try,  i f  the  test  l aboratory determ ines  that  i t  i s  safe  to  do  so .  

k)  I f  the  battery term inal  vo l tage  reaches  the  overcharge  protection  cu toff  device’s  vol tage  
th reshold ,  no  acti ve  overcharge  protection  i s  i ncorporated  i n to  the  DUT’s  charge  con trol ler.  

l )  I f  i n  the  case  of  a  N iMH  battery the  battery vo l tage  levels  off  or  beg ins  to  decrease  before  
reach ing  the  recommended  overcharge  protection  vol tage,  bu t  the  curren t  does  not  go  to  
zero,  no  active  overcharge  protection  i s  detected .  

The  fo l l owing  steps  shal l  be  fo l l owed  i f  the  DUT does  not  have  a  solar  charg ing  option .  

m )  I f  i t  i s  unknown  whether the  DUT has  an  overcharge  protection  d i sconnect,  i n tegrate  the  
overcharge  protection  d i sconnect  device  i n to  the  setup.  The  overcharge  protection  device  
shal l  d i sconnect  i f  battery vol tage  ri ses  above  safety l im i ts  that  are  determ ined  by the  
l aboratory.  I n  some  cases,  the  DUT’s  charge  con trol ler  wi l l  be  designed  wi th  an  OVP 
battery vol tage  that  i s  g reater  than  the  overcharge  protection  device’s  cu toff;  therefore,  
the  tester  has  the  d i scretion  to  al low the  battery vol tage  to  proceed  above  the  
recommended  OVP vol tage  th reshold  i f  deemed  safe  and  necessary.  For Li - i on  batteries,  
the  battery vo l tage  shal l  not  exceed  the  maximum  safe  value  speci fi ed  by the  battery 
suppl i er,  or  4 , 26  V/cel l  i f  no  suppl ier-provided  i n formation  i s  avai lable;  otherwise  there  i s  a  
ri sk of  explosion .  Optional l y,  mon i tor the  DUT’s  battery temperatu re  to  ensure  that  i t  does  
not  exceed  a  safe  value  (refer to  Table  L. 2) .  I f  temperature  mon i tori ng  i s  used ,  l i th ium-
based  batteries  shal l  not  be  al lowed  to  exceed  45  °C  un less  h i gher temperatu res  are  
al l owed  by the  battery manu factu rer.  

n )  I f  the  product  has  a g rid -charg ing  opti on ,  p lug  the  AC  power adapter suppl i ed  wi th  the  
DUT i n to  an  ou tlet  wi th  AC  vol tage  that  i s  su i table  for  the  DUT’s  suppl ied  AC  power 
adapter.  

o)  I f  the  product  does  not  have  a  g ri d -charg ing  option ,  bu t  has  an  e lectromechan ical  charg ing  
option ,  crank-charge  the  DUT con ti nuously  at  approximately  1 20  rpm  or  use  a  power 
supply to  sou rce  cu rren t  that  i s  equal  to  the  charg ing  cu rren t  generated  at  1 20  rpm.  

p)  Charge  the  DUT wh i le  con ti nuously mon i toring  the  DUT’s  battery term inal  vo l tage  and  
cu rren t  at  the  negati ve  battery term inal .  The  battery vo l tage  and  cu rren t  shal l  be  col lected  
at  i n tervals  l ess  than  or  equal  to  1  m in .  

q )  I f  the  DUT au tomatical l y  s tops  accepti ng  charge,  the  DUT has  acti ve  overcharge  
protection ,  and  the  h ighest  vol tage  measured  during  the  test  i s  the  DUT’s  overcharge  
protection  vo l tage.  For some  DUTs,  the  current  wi l l  not  s top  completely,  bu t  wi l l  beg in  
tapering  off  when  the  DUT’s  battery vo l tage  reaches  i ts  overcharge  protection  vol tage.  

r)  I f  the  battery con tains  i n ternal  ci rcu i try  (refer  to  F.4. 3 .5)  and  the  measured  overcharge  
protection  vo l tage  i s  ou ts ide  of  the  targets  speci fi ed  by the  manu factu rer (D .3. 2.2)  or  the  
DUT’s  battery vol tage  exceeds  the  recommended  overcharge  protection  vo l tage  speci fi ed  
i n  Annex L,  the  test  may be  repeated  wi th  the  vo l tage  data l ogger connected  on  the  
battery s ide  of  the  i n ternal  ci rcu i try,  i f  the  test  l aboratory determines  that  i t  i s  safe  to  do  so .  

s)  I f  the  battery term inal  vo l tage  su ffi ci en tly  exceeds  the  predeterm ined  overvol tage  l im i t ,  no  
acti ve  overcharge  protecti on  i s  i ncorporated  i n to  the  DUT’s  charge  con trol ler.   

S.4.2.6  Calcu lations 

There  are  no  calcu lations  for  the  acti ve  overcharge  protection  test.  

S.4.3  Passive  deep  d ischarge protection  test  

S.4.3. 1  General  

The  DUT i s  l eft  to  d ischarge  for  24  h  and  the  m in imum  vol tage  wi th in  the  24  h  period  i s  
recorded .  Th is  method  i s  on ly  performed  on  DUTs  that  show no  acti ve  deep d i scharge  
protection .  

S.4.3.2  Equ ipment  requ irements  

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  
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•  DC  vol tmeter or  mu l timeter.  

•  Vo l tage  data l ogger ( recommended) .  

•  Ammeter or cu rren t  data l ogger (e . g .  vo l tage  data l ogger wi th  a  curren t  transducer)  
(optional ) .  

•  Low-vol tage  d isconnect  device  that  wi l l  s top  a  DUT’s  d i scharge  when  the  DUT’s  battery 
reaches  a  speci fi ed  vo l tage  (recommended) .   

The  total  series  resistance  added  by the  test  apparatus  and  al l  measurement  equ ipment  shal l  
be  no  more  than  60  mΩ .  Th is  value  i ncludes  the  resistance  of  the  wi res  and  connectors,  i f  any,  
added  i n  the  sample  preparation  procedure  (G .4.4) .  

S.4.3.3  Test  prerequisi tes  

The  DUT shal l  have  undergone  the  acti ve  deep d ischarge  protection  test.  For  DUTs  wi th  
N iMH  batteries,  the  battery vo l tage  shal l  have  j ust  passed  i ts  recommended  deep  d ischarge  
protection  vo l tage  (Table  L. 1 )  when  d ischarg ing .  For DUTs  wi th  other  battery chemistries,  the  
battery shal l  be  i n  the  same  state  of  charge  as  when  the  DUT reaches  L70  (70  % of  i ts  i n i t i al  
l i gh t  ou tpu t  during  the  fu l l -battery run  t ime  test) .   

S.4.3.4  Apparatus 

The  DUT shal l  be  placed  i n  a  secure  l ocation  where  i t  can  d ischarge  for  24  h .   

I f  necessary,  a  l ow-vol tage  d isconnect  device  may be  used  that  mon i tors  the  battery vo l tage  
and  can  cu t  the  battery ci rcu i t  i f  the  vo l tage  d rops  below a  predetermined  l evel .  

S.4.3.5  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  Speci fy  the  accepted  24  h  passive  deep  d i scharge  battery protecti on  vol tage.  Th is  vol tage  
may be  se lected  based  on  i n formation  from  Table  L. 1 ,  i f  i t  i s  not  suppl i ed  wi th  the  DUT or  
battery manu facturer.  

b)  I f  i t  i s  unclear i f  the  DUT has  deep d ischarge  protection  for i ts  battery,  the  tester may 
prepare  the  l ow-vol tage  d i sconnect  device  so  that  i t  s tops  the  DUT’s  d ischarge  i f  the  
DUT’s  battery reaches  the  m in imum  battery testing  vol tage  speci fied  i n  Annex L.  

c)  Set  and  secure  the  DUT in  a  safe  l ocation  to  prevent  i n terference  and  pl ug  i n  al l  the  
i ncluded  appl iances  that  the  DUT can  power.  Tu rn  on  the  DUT and  d i scharge  the  battery  
for  24  h .  The  DUT service(s)  shal l  be  on  i n  h i ghest  setting (s)  ( i . e . ,  l i gh ts  i n  the i r  brigh test  
setting ,  fan  i n  i ts  fastest  speed) .  Conti nuously  mon i tor  the  DUT’s  battery term inal  vo l tage  
and  optional l y  mon i tor  the  DUT’s  battery curren t  at  the  negati ve  battery terminal .  The  
battery vol tage  and  opti onal  cu rren t  shal l  be  co l lected  at  i n tervals  l ess  than  or  equal  to  1  
m in .  

N OTE  I n  case  o f  pu l se-wi d th  modu lat i on  (PWM)  con tro l l ers ,  al i as i ng  e ffects  (beat  e ffects)  can  occu r when  
data l ogg i ng  due  to  u n synch ron i sed  PWM  frequency an d  sampl i n g  frequency o f  the  cu rren t  l ogg er.  Th i s  can  
l ead  to  "chaoti c"  measu rem en ts  wh i ch  are  d i ff i cu l t  to  i n terpret .  

d)  The  m in imum  battery vol tage  observed  over 24  h  i s  the  DUT’s  passive  deep  d ischarge  
battery protection  vol tage.   

e)  I f  the  battery con tains  i n ternal  ci rcu i try  (refer  to  F.4. 3 .5)  and  the  measured  deep d ischarge  
protection  vo l tage  i s  ou ts ide  of  the  targets  speci fi ed  by the  manu facturer  (D .3 . 2.2)  or  the  
DUT’s  battery vo l tage  fal l s  below the  recommended  deep d ischarge  protection  vo l tage  
speci fied  i n  Annex L,  the  test  may be  repeated  wi th  the  vol tage  data l ogger connected  on  
the  battery s ide  of  the  i n ternal  ci rcu i try,  i f  the  test  l aboratory determ ines  that  i t  i s  safe  to  
do  so.  

f)  I f  the  l ow-vol tage  d isconnect  device  stops  the  DUT’s  d ischarge  during  the  test,  record  that  
the  battery vo l tage  reached  the  m in imum  battery testing  vo l tage  and  that  no  passive  deep 
d i scharge  vo l tage  was  observed .  
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S.4.3.6  Calcu lations 

There  are  no  calcu lati ons  for  the  passive  deep d i scharge  protection  test.  

S.4.4  Passive  overcharge protection  test  

S.4.4.1  General  

Th is  method  i s  on ly performed  on  DUTs  wi th  N iMH  batteries  that  show no  acti ve  deep 
d i scharge  protecti on .  

I n  some  cases,  the  DUT’s  PV modu le ’s  short  ci rcu i t  cu rren t  alone  proves  that  the  DUT has  
passive  overcharge  protection ;  o therwise,  the  DUT i s  overcharged  and  the  charg ing  cu rren t  i s  
observed  to  determ ine  i f  the  DUT has  passive  overcharge  protection .  I f  the  product  does  not  
have  a  solar-charg ing  option ,  the  DUT shal l  be  charged  via  i ts  provided  g rid  charger or  
charged  via  i ts  e lectromechan ical  charg ing  process.  Th is  method  i s  on ly  performed  on  DUTs  
wi th  N iMH  batteries  that  show no  active  overcharge  protection .  

S.4.4.2  Equ ipment  requ irements  

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  DC  power supply  or  so lar array s imu lator.  

•  DC  ammeter or  mu l timeter.  

•  Vo l tage  data l ogger (optional ) .  

•  Cu rren t  data l ogger (e . g .  vo l tage  data logger wi th  a  cu rren t  transducer)  (opti onal ) .  

•  Series  resistor or  series  and  paral le l  resistors  (or  variable  res istors)  for s imu lating  PV 
i npu t  (when  us ing  a  DC  power supply  as  opposed  to  a  so lar array s imu lator) .  

•  AC  power adapter suppl i ed  wi th  the  DUT ( for  DUTs  wi th  a  g ri d -charg ing  opti on  and  no  
solar-charg ing  option ) .  

•  Su rface-moun ted  thermocouple(s)  and  a thermocouple  reader wi th  a  precis ion  l ess  than  
2  °C  (opti onal ) .  

The  total  series  resistance  added  by the  test  apparatus  and  al l  measurement equ ipment  shal l  
be  no  more  than  60  mΩ .  Th is  value  i ncludes  the  resistance  of  the  wi res  and  connectors,  i f  any,  
added  i n  the  sample  preparation  procedure  (G .4.4) .  

S.4.4.3  Test  prerequ isi tes  

The  DUT shal l  have  undergone  the  acti ve  overcharge  protection  test,  such  that  i ts  battery 
vol tage  has  j ust  passed  i ts  recommended  overcharge  protection  vol tage  (Table  L. 2)  when  
charg ing  or,  i f  the  battery vo l tage  does  not  reach  the  recommended  overcharge  protecti on  
vol tage,  the  battery has  reached  the  maximum  vol tage  observed  duri ng  the  acti ve  overcharge  
protection  test  ( i . e .  the  battery vo l tage  has  level led  off  or  peaked  and  begun  to  decrease) .  

S.4.4.4  Apparatus 

The  DUT shal l  be  set  i n  a  secure  l ocation  such  that  i ts  parameters  can  be  mon i tored  and/or 
data- logged.  I f  the  DUT has  a  so lar-charg ing  opti on ,  the  DUT i s  charged  via  the  PV modu le  
socket  from  a  DC  power supply  us ing  a  series  resistor  or  series  and  paral le l  res istor i den tical  
to  those  used  i n  the  active  overcharge  protection  test  (S.4.2. 4) .   

S.4.4.5  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed  i f  the  DUT has  a  so lar charg ing  opti on  and  the  product’s  
battery-charg ing  ci rcu i t  does  not  i nclude  a  DC-DC converter (see  R.4. 4,  s tep  p) ) .  



 – 200  – IEC  TS  62257-9-5:201 6    I EC  201 6  

a)  Determ ine  the  accepted  passive  overcharge  protection  con tinuous  battery charg ing  
cu rren t.  A passive  overcharge  protection  con tinuous  battery charg ing  cu rren t  of  l ess  than  
or  equal  to  0 , 2  It  A  i s  recommended  for N iMH  batteries.  

b)  Compare  the  PV modu le’s  short-ci rcu i t  cu rren t  at  STC  (Isc)  to  the  passive  overcharge  
protection  con tinuous  battery charg ing  curren t  (Isc  may be  obtained  from  the  ou tdoor 
photovol taic  modu le  I -V characteristi cs  test  (Annex Q) ) .  I f  Isc  i s  the  smal ler  of  the  two,  the  
DUT has  passive  overcharge  protection  and  no  fu rther testing  i s  necessary.  

c)  Convert  the  PV modu le ’s  STC  I -V pai rs  from  the  ou tdoor photovol taic  modu le  I -V 
characteristics  test  (Annex Q)  to  typical  modu le  operati ng  temperature  (TMOT) ,  where  
TMOT i s  defi ned  as  50  °C  cel l  temperatu re  and  solar i rrad iance  of  1  000  W/m 2 .  Refer to  
Q.4.3 .5. 4  of  Annex Q  for  conversion  formu las.   

d )  P lot  the  TMOT I -V cu rve.  

e)  I f  the  passive  overcharge  protection  test  fo l lows  the  active  overcharge  protection  test  
us ing  a  paral le l  resistor  (Figure  R. 1 ) ,  use  the  same cu rrent  l im i ti ng  and  vo l tage  values  and  
resistor  values  that  were  used  i n  the  acti ve  overcharge  protecti on  test  (S.4. 2. 5) .  

f)  I f  the  passive  overcharge  protecti on  test  fo l l ows  the  acti ve  overcharge  protecti on  test  
us ing  a  solar array s imu lator,  use  the  same solar  array s imu lator con figu rati on  that  was  
used  i n  the  acti ve  overcharge  protecti on  test  (S.4. 2.5) .  

g )  I f  the  passive  overcharge  protection  test  fo l l ows  the  acti ve  overcharge  protecti on  test  wi th  
a  series  resistor on ly  (Figu re  S. 1 ) ,  set  the  cu rren t  l im i ti ng  and  vo l tage  values  of  the  DC 
power supply  to  the  PV modu le’s  maximum  power po in t  curren t  at  TMOT,  Impp, TMOT  and  
Voc, TMOT  ( refer to  the  resu l ts  of  the  ou tdoor photovol taic  modu le  I -V characteristi cs  test  
(Annex Q) ) ,  respectively.  Use  the  same  series  resistor value  as  was  used  i n  the  acti ve  
overcharge  protection  test  (S.4. 2.5) .  

h )  Connect  the  DC  power supply  via  the  resistor(s)  and  the  product’s  en ti re  PV cable  to  the  
DUT’s  PV modu le  i npu t  socket.  Let  charge  for  5  m in .  After  the  5  m in  period  i s  complete,  
determ ine  the  vol tage  d rop,  Vdrop ,  between  the  power supply’s  ou tpu t  and  the  DUT’s  
battery term inals.  I f  the  DUT i s  has  an  i n tegrated  PV modu le,  connect  the  DC  power 
supply to  the  ends  of  the  i n ternal  l eads  where  the  PV modu le  connects  to  the  DUT’s  
ci rcu i try.  Optional l y,  mon i tor the  DUT’s  battery temperature  to  ensure  that  i t  does  not  
exceed  a  safe  value  (refer to  Table  L. 2) .  I f  temperature  mon i toring  i s  used ,  l i th ium-based  
batteries  shal l  not  be  al lowed  to  exceed  45  °C  un less  h igher temperatures  are  al l owed  by 
the  battery manu factu rer.  

i )  Add  Vdrop  to  the  battery end  of  the  charge  vo l tage,  Vcharg e ,  wh ich  i s  determined  by 
mu l tipl ying  the  number of  battery ce l l s  by the  recommended  overcharge  protection  vo l tage  
for  N iMH  batteries  (Table  L. 2) .  Th is  i s  the  total  charge  vol tage,  Vmax .  

j )  P lot  a  vertical  l i ne  at  Vmax  on  the  TMOT I -V cu rve  (see  part  d ) )  that  extends  from  the  
vo l tage  axis  to  the  I -V curve.  

k)  P lot  a  horizon tal  l i ne  that  i n tersects  the  TMOT I -V cu rve  at  the  same  poin t  Vmax  does  and  
extends  to  the  cu rren t  axis .  The  curren t  where  the  hori zon tal  l i ne  i n tersects  the  cu rren t  
axis  i s  the  charg ing  curren t.  

l )  I f  the  charg ing  cu rren t  i s  l ess  than  or  equal  to  0 , 2  It  A,  the  DUT has  passive  overcharge  
protection .  

These  steps  shal l  be  fo l l owed  i f  the  DUT does  not  have  a  solar charg ing  option  or  i f  the  DUT 
u ti l i zes  a  DC-DC converter:  

m )  Determ ine  the  DUT’s  accepted  passive  overcharge  protection  con tinuous  battery charg ing  
cu rren t.  A passive  overcharge  protection  con ti nuous  battery charg ing  curren t  of  l ess  than  
or equal  to  0 , 2  It  A  i s  recommended  for DUT’s  wi th  N iMH  batteries.  

n )  Compare  the  passive  overcharge  protecti on  con tinuous  battery-charg ing  curren t  to  the  
average  charg ing  cu rren t  observed  over the  fi nal  5  m inu tes  from  when  carrying  ou t  the  
acti ve  overcharge  protection  test  procedure  (S.4. 2) .  I f  the  average  charg ing  curren t  i s  the  
smal ler  of  the  two,  the  DUT has  passive  overcharge  protection .  
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S.4.4.6  Calcu lations 

There  are  no  calcu lati ons  for  the  passive  overcharge  protection  test.  

S.4.5  Standby loss  measurement  

S.4.5.1  General  

Th is  measurement quan ti f i es  the  standby l oss  of  a  DUT when  not  i n  use.  I f  the  standby l oss  i s  
substan tial ,  i t  can  affect  the  use  of  the  DUT.  The  DUT shal l  be  con figu red  to  best  s imu late  
how i t  wou ld  be  l eft  i n  the  home  wh i le  not  i n  use.  

S.4.5.2  Equ ipment  requ irements 

An  ammeter (data- logg ing  functional i ty  i s  opti onal )  and  a  t imer.  Equ ipment  shal l  meet  the  
requ i rements  i n  Table  CC.2.  

S.4.5.3  Test  prerequisi tes 

Set  the  DUT’s  battery to  a  50  % state  of  charge.  The  DUT’s  battery shou ld  be  d ischarged  to  
i ts  LVD  or,  i n  the  case  of  the  DUT not  having  a  LVD,  the  speci fied  deep d ischarge  protecti on  
vol tage  th reshold  (see  S.4. 1 ) .  

I f  the  DUT’s  battery needs  to  be  charged ,  charge  the  battery us ing  one  of  the  two  procedures  
accord ing  to  the  DUT’s  battery chemistry:   

•  I f  the  DUT’s  battery i s  of  N iMH  chemistry,  then  use  the  procedures  i n  the  battery test  
(Annex K)  – e i ther  the  overcharge  or  negati ve  s lope  charg ing  methods  i n  K. 4.3 . 1 .   

•  I f  the  DUT’s  battery i s  of  any other chemistry,  then  use  the  procedures  i n  the  acti ve  
overcharge  protection  test  (S.4. 2) .  I f  the  DUT’s  so lar modu le  has  not  yet  been  tested ,  
then  set  up  the  apparatus  accord ing  to  Figu re  S. 1  and  set  the  cu rren t  l im i t  to  the  rated  
maximum  power poin t  cu rren t  at  STC,  Im pp .   

After  the  battery i s  fu l l y  charged ,  tu rn  the  DUT on  i ts  brigh test  setting .  Stop  the  d ischarge  
once  the  d i scharge  du rati on  equals  50  % of  the  DUT’s  fu l l -battery run  t ime  ±25  %.   

S.4.5.4  Apparatus  

The  DUT shal l  be  set  i n  a  secure  l ocation  such  that  i ts  battery’s  cu rren t  draw can  be  recorded  
for  1 5  m in .   

S.4.5.5  Procedure 

The  fo l lowing  steps  shal l  be  fo l l owed .  

a)  Con figu re  the  DUT to  s imu late  how i t  wou ld  be  l eft  i n  the  home  wh i le  not  i n  use.  Connect  
al l  the  i ncluded  appl iances  to  the  product  that  can  be  tu rned  off  wi th  an  on /off  swi tch .  For  
example,  i t  i s  un l ikely  that  a  user  unplugs  a  l i gh t  poin t  that  has  an  on /off  swi tch  every t ime  
he  or  she  wants  to  tu rn  off  the  l i gh t;  i t  i s  more  l i kely  that  the  user wi l l  tu rn  off  the  l i gh t  
poin t  via  i ts  swi tch .  I f  the  DUT does  not  have  enough  ports  to  connect  al l  the  i ncluded  
appl iances  that  have  on /off  swi tches,  connect  the  appl iances  that  are  estimated  to  
maxim ize  the  standby l oss.  I n  add i ti on ,  tu rn  on /off  system  power swi tches  on .  For 
example,  i f  the  DUT’s  con trol  box has  a  system  on /off  swi tch  that  connects  the  DUT’s  
battery to  the  rest  of  the  system,  keep the  swi tch  i n  the  on  posi tion .  I t  i s  un l ikely that  a  
user  wi l l  tu rn  the  system’s  power swi tch  off  when  the  system  i s  not  i n  use.  

b)  For  DUT’s  wi th  separate  solar modu les,  connect  the  DUT’s  so lar modu le.  For  al l  DUT’s  
wi th  solar modu les,  prevent  l i gh t  from  reach ing  the  PV material  (e . g .  cover the  so lar 
modu le  wi th  an  opaque  dark cloth  or  tu rn  the  modu le  upside  down  so  that  i ts  PV material  
i s  facing  downwards  over an  opaque  surface) .   
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c)  Break the  DUT’s  ci rcu i t  at  the  battery’s  negati ve  term inal ,  connect  the  curren t  meter i n  
series,  and  ensure  that  al l  power bu ttons  and  swi tches  on  the  DUT are  tu rned  off.   

d )  Wai t  5  m in  to  al l ow the  DUT to  stabi l i ze.  Then ,  over a  1 0  m in  period ,  record  (or  data- log )  
the  cu rren t  d raw at  the  battery’s  negative  term inal  at  i n tervals  l ess  than  or  equal  to  1  m in .  

e)  Report  the  average  battery cu rren t  draw over the  1 0  m in  data-col lection  period .  

S.4.5.6  Calcu lations 

There  are  no  calcu lati ons  for  the  standby loss  measurement.  

S.5  Reporting  

Report  the  fo l lowing  i n  the  charge  con trol ler  behaviour test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu facturer;  

– DUT name;  

– DUT model  number;  

– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– presence  of  acti ve  deep d i scharge  protection  (yes/no) ;  

– acti ve  deep  d i scharge  protecti on  vo l tage,  i f  appl icable  (V) ;  

– presence  of  acti ve  overcharge  protection  (yes/no) ;  

– acti ve  overcharge  protection  vol tage,  i f  appl i cable  (V) ;  

– presence  of  passive  deep d i scharge  protection  (yes/no) ;  

– passive  deep  d i scharge  vo l tage  (V/cel l ) ;  

– presence  of  passive  overcharge  protection  (yes/no) ;  

– passive  overcharge  protection  con tinuous  charg ing  cu rren t  (mA) ;  

– s tandby loss  curren t  (A) .  

•  Average  of  n  sample  resu l ts  for  each  DUT aspect  tested .  

•  Coefficien t  of  variati on  of  n  sample  resu l ts  for  each  DUT aspect  tested  (%) .  

•  DUT’s  rati ng  for  aspects  tested ,  i f  avai lable.  

•  Deviation  of  the  average  resu l t  from  the  DUT’s  rating  for each  aspect  tested ,  i f  
avai lable  (%) .  

•  Comments:  

– i nd i vidual  comments,  as  necessary,  for samples  1  th rough  n  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  o f  samples  1  th rough  n.  I n  particu lar,  
i nclude  an  assessment of  the  appropriateness  of  the  charge  con tro l  s trategy g iven  the  
i n formation  avai lable.   

•  F i gu res:  

– plot  o f  the  PV modu le’s  new,  real i stic- temperature  I -V curve  wi th  l i nes  i nd icating  the  
presence  of  passive  overcharge  protection ,  i f  appl i cable.  

 



I EC  TS  62257-9-5:201 6    I EC  201 6  – 203  – 

Annex T 
(normative)  

 
Light  d istribution  test  

 

T.1  Background  

Luminous  fl ux  and  l i gh t  d i stribu ti on  are  two  primary metrics  used  to  assess  the  performance  
of  a  l i gh ti ng  product.  Measurements  of  l um inous  fl ux  ( the  total  amount  of  l i gh t  em i tted  by a  
source)  are  appropriate  for  any type  of  l i gh t  and  are  d iscussed  i n  Annex I .  Measurements  of  
l i gh t  d i stribu tion  are  also  appropriate  for  any type  of  l i gh t,  wi th  particu lar re levance  to  the  
performance  of  task l i gh ts  that  have  focused  l i gh t  ou tpu ts.  

The  l i gh t  d i stribu tion  of  l i gh ting  appl iances  can  vary g reatl y,  rang ing  from  very narrow-beam  
task l i gh ts  to  omn id i recti onal  ambien t  l i gh ts.  Wh i le  there  i s  no  d istribu tion  that  i s  necessari l y 
" i deal , "  some  d i stri bu tions  are  more  appropriate  for  certain  appl icati ons  than  others.  Annex T 
i s  i n tended  to  characteri ze  a  product’s  l i gh t  d i stribu tion  so  pu rchasers  can  select  products  
that  are  appropriate  for  the  appl ications  i n  wh ich  they are  used.  

The  most  common  appl i cations  for  l i gh ting  appl iances  are:  

•  ambien t  l i gh ti ng ,  

•  task l i gh ting  from  a  mounted  or  suspended  f i xtu re,  and  

•  task l i gh ting  from  a  fi xtu re  placed  on  the  su rface  to  be  i l l um inated  (e. g .  a  desk l i gh t) .  

Ambien t  l i gh ts,  products  that  have  wide  or  omn id i recti onal  l i gh t  ou tpu t,  are  best  characterized  
by measuring  total  l um inous  fl ux (Annex I ) .  A  fu l l  width  hal f  maximum  (FWHM)  ang le  
measurement  may be  used  to  help  categorize  a  l i gh t  d i stri bu tion  (ambien t  or  task) ,  and  some 
l i gh ts  may be  considered  for  both  ambien t  and  task l i gh ting  appl ications.  I n  ci rcumstances  
where  i t  i s  not  clear  how to  classi fy  a  l i gh t,  both  l um inous  fl ux  and  l i gh t  d i stribu ti on  testing  i s  
appropriate.   

Task l i gh ts  that  have  d i rected  l i gh t  d i stribu tions  may be  characterized  by measuring  the  
i l l um inance  on  a  speci fi ed  task plane.  The  task plane  used  i n  the  l i gh t  d i stribu tion  test  i s  1  m 2  
and  i s  posi tioned  relati ve  to  the  DUT accord ing  to  the  type  of  task l i gh t  use  (desk l i gh t  or  
suspended  l i gh t) .  

T.2  Test  outcomes 

The  l i gh t  d i stribu ti on  test  ou tcomes  are  l i s ted  i n  Table  T. 1 .  
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Table  T.1  – Light  d istribution  test  outcomes 

Metric  Reporting  un i ts  Related  aspects  Notes  

Verti cal  and  hori zon tal  
fu l l  wi d th  hal f  m axi mum  
(FWH M)  an g l es  

Deg rees  ( ° )  4 . 2 . 9 . 2  Fu l l  wi d th  hal f  
maxi mum  (FWH M)  ang le   

4 . 2 . 9 . 3  Average  l i g h t  
d i s tri bu t i on  
characteri s ti cs  

- -  

U sabl e  area wi th  
i l l um i nance  g reater  than  a  
speci f i ed  th resho l d  

Area (m 2 )  4 . 2 . 9 . 3  Average  l i g h t  
d i s tri bu ti on  
ch aracteri s ti cs  

Determ i ned  from  a  
speci f i ed  d i s tance  

Work su rface  i l l um inance  Lu x  ( l x)  4 . 2 . 9 . 3  Average  l i g h t  
d i s tri bu ti on  
ch aracteri st i cs  

Maxi mum  poss ibl e  over 
testi ng  su rface  

Lum in ous  f l u x  Lu mens  ( lm )  4 . 2 . 9 . 1  Average  l um inous  
f l u x  ou tpu t  

On l y  obtai ned  wh en  u s i ng  
mu l t i -pl ane  (T. 4. 3 )  or  
g on i ophotometer  (T. 4. 2 )  
test  methods  

 

T.3  Related  tests  

The  l i gh t  d i stribu tion  test  i s  re lated  to  the  l i gh t  ou tpu t  test  (Annex I ) .  Speci fi cal l y,  e i ther the  
mu l ti -plane  method  described  i n  I . 4. 3  of  Annex I  or  the  gon iophotometer method  described  i n  
I . 4. 2  may be  used  to  gather al l  needed  data to  generate  polar plots,  su rface  plots,  and  FWHM  
ang les  for  ambien t  and  suspended  task l i gh ts.   

T.4  Approved  test  methods 

T.4.1  General  

As  d i scussed  above,  th i s  modu le  u ti l i zes  th ree  d i fferen t  test  procedures  to  characterize  DUTs  
based  on  thei r  expected  use  appl i cation .  For DUTs  where  the  i n tended  appl ication  i s  not  clear 
or wh ich  are  designed  to  be  used  i n  mu l t iple  appl i cations,  conduct  d i stribu ti on  tests  us ing  
mu l ti ple  procedures.  

Furthermore,  there  are  mu l t iple  approved  methods  for  two  of  the  th ree  test  procedures  
(ambien t  and  suspended  task) .  Each  of  the  approved  options  and  thei r  associated  apparatus  
are  described  i n  T.4. 1 .  Table  T. 2  summarizes  the  th ree  d i fferen t  appl i cations  covered ,  the  
approved  test  methods  for  each  appl i cation ,  and  the  test  ou tcomes  for  each  of  the  approved  
test  methods.  

Each  re levan t  method  employed  i n  the  l i gh t  d i stribu tion  test  shal l  be  completed  on  a  sample  
s ize  of  two.  I f  more  than  one  i den ti cal  l i gh ting  appl iance  i s  i ncluded  wi th  the  DUT ki t,  i t  i s  on ly  
necessary to  test  one  of  each  type  of  i den tical  l i gh ting  appl iances.  Al so,  i f  the  DUT has  
mu l ti ple  un ique  l i gh ti ng  appl iances,  each  un ique  l i gh ti ng  appl iance  shal l  be  tested .  
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Table  T.2  – Summary of  testing  options  for  characterizing  l amp d istributions 

Test  method  Appl i cation(s)  Test  ou tcomes  

Gon i oph otom eter  
or  mu l t i -p lane  

Ambien t  l i g h t  

Suspended  task l i g h t  

Desktop  task l i g h t  

•  Vert i cal  and  hori zon tal  FWH M  ang l es  

•  U sabl e  area wi th  i l l um i nance  g reater  than  a  speci fi ed  
th resho ld  

•  Lu m inous  f l u x  (see  Annex  I )  

•  Work su rface  i l l um i nan ce  

I l l um i nance  on  a  
p l ane  

Am bi en t  l i g h t  

Su spended  task l i g h t  

•  U sabl e  area wi th  i l l um i nance  g reater  than  a  speci fi ed  
th resho ld   

•  Verti cal  and  hori zon tal  FWH M  ang l es ,  i f  determ in ed  

•  Work su rface  i l l um i nan ce  

Tu rn tabl e  Am bi en t  l i g h t  

Su spended  task l i g h t  

•  Vert i cal  and  hori zon tal  FWH M  ang l es  

I l l um i nance  on  a  
desktop  

Desktop  task l i g h t  •  U sabl e  area wi th  i l l u m i nance  g reater  than  a  speci fi ed  
th resho ld  

•  Work su rface  i l l um i nance  

 

The  fo l l owing  steps  shal l  be  fo l l owed  before  performing  the  test  by  any method .  

a)  Determ ine  the  "horizon tal "  and  "verti cal "  p lanes  for  the  pu rposes  of  the  l i gh t  d i stribu ti on  
measurement,  us ing  the  fo l lowing  gu idel i nes.  Describe  the  se lected  orien tation  i n  the  test  
report.  Photographs  or  d iagrams  can  be  usefu l  i n  describing  the  product  ori en tation ,  bu t  
are  not  requ i red  i f  the  text  description  i s  unambiguous.  

1 )  These  gu idel i nes  consider two  types  of  l i gh t  po in ts:  omn id i rectional  and  d i rected .  I f  the  
d istribu tion  of  i l l um inance  i s  measured  on  an  imag inary sphere  surround ing  an  
omn id i rectional  product,  the  maximum  i l l um inance  wi l l  occur at  the  equator  and  l ocal  
m in ima wi l l  occur at  the  poles.  For a  d i rectional  product,  the  maximum  i l l um inance  wi l l  
occur at  one  po le  and  the  m in imum  wi l l  occur at  the  other pole.  Typical  omn id i rectional  
l i gh t  po in ts  i nclude  lan terns  and  some  bu lbs;  typical  d i rected  l i gh t  poin ts  i nclude  
torches  and  suspended  task l i gh ts.  

2 )  For  an  omn id i rectional  l i gh t  poin t,  the  hori zon tal  plane  i s  the  plane  of  maximum  
i l l um inance,  typical l y  paral l el  to  the  g round,  and  the  verti cal  plane  i s  the  plane  
perpend icu lar to  the  horizon tal  p lane  con tain i ng  the  poin t  of  maximum  i l l um inance.  I n  
some  cases  there  are  mu l ti ple  possible  choices  of  verti cal  p lane,  i f  the  maximum  
i l l um inance  value  occurs  at  more  than  one  poin t.  I n  th i s  case,  the  test  l aboratory 
shou ld  se lect  one  plane  to  measure.  See  Figu re  T. 1 .  
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Figure T.1  – Horizontal  plane for  determin ing  FWHM ang le  and  rad ial  
i l luminance d istribution,  for  an  omnid i rectional  l ight  point  

3)  Some  d i rected  l i gh t  po in ts  have  i denti f iable  top  and  bottom  su rfaces.  For example,  the  
bottom  su rface  cou ld  be  fl at  for  desktop  moun ting  and  the  power bu tton  cou ld  be  
l ocated  on  the  top  of  the  l i gh t  poin t.  I n  th is  case,  the  vertical  p lane  i s  the  plane  that  
con tains  the  po in t  o f  maximum  i l l um inance  and  the  cen tres  of  the  top  and  bottom  
su rfaces  of  the  l i gh t  po in t,  and  the  hori zon tal  plane  i s  the  plane  perpend icu lar  to  the  
hori zon tal  plane  that  con tains  the  poin t  o f  maximum  i l l uminance.  See  Figu re  T.2.  

IEC  
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Figure  T.2  – Horizontal  plane for  determin ing  FWHM ang le 
and  rad ial  i l luminance d istribution,  for  a  d i rected  l ight  point  

4)  For l i gh t  poin ts  wi th  no  i den ti fiable  top  and  bottom,  the  choice  of  horizon tal  and  vertical  
p lanes  may be  arbi trary.  

5)  I f  the  l i gh t  poin t  con tains  a  two-d imensional  array of  l i gh t  sources  (e. g .  LEDs)  and  
mu l ti ple  choices  of  horizon tal  and/or verti cal  p lanes  are  avai lable  fo l lowing  the  above  
cri teria,  i t  i s  preferable  to  al i gn  the  l i gh t  po in t  such  that  the  i n tersections  of  the  
hori zon tal  and  verti cal  planes  wi th  the  array plane  are  l i nes  of  symmetry of  the  array 
con fi gu rati on ,  i f  possible.  For  example,  i f  the  product  con tains  LEDs  i n  a  g ri d  pattern ,  
the  g rid  l i nes  shou ld  be  paral le l  wi th  the  horizon tal  and  vertical  p lane.  

6)  I f  the  l i gh t  poin t  contains  a  th ree-d imensional  array of  l i gh t  sources  (e. g .  LEDs)  and  
mu l ti ple  choices  of  horizon tal  and/or verti cal  p lanes  are  avai lable  fo l lowing  the  above  
cri teria,  i t  i s  preferable  to  al i gn  the  l i gh t  poin t  such  that  the  horizon tal  and  verti cal  
planes  are  planes  of  symmetry of  the  array con figuration ,  i f  possible.  For example,  i f  
the  l i gh t  poin t  con tains  fou r LED  PCBs  wi th  ou tward-facing  LEDs  at  90°  ang les,  the  
vertical  plane  cou ld  be  chosen  to  pass  th rough  the  cen tres  of  two  of  the  LED  PCBs.  

7)  I n  al l  cases,  the  i n tersection  of  the  horizon tal  and  verti cal  planes  shou ld  con tain  the  
l i ne  segment  that  connects  the  cen tre  of  the  l i gh t  source  wi th  the  poin t  o f  maximum  
i l l um inance.  

8)  Sometimes,  as  i n  the  case  of  LED  bu lbs,  i t  can  be  d i ffi cu l t  to  determ ine  whether a  l i gh t  
poin t  shou ld  be  treated  as  omn id i rectional  pri or to  conducting  the  test.  I n  some cases,  
i t  i s  necessary to  perform  the  test  wi th  mu l ti ple  choices  of  horizon tal  and  vertical  
planes.  General l y,  the  rad ial  d i stribu tion  of  i l l um inance  i n  the  verti cal  p lane  of  an  
omn id i rectional  product  wi l l  have  two  l ocal  maxima at  or  near 90°  and  270° .  I f  a  l i gh t  
poin t  i s  tested  as  d i rected  bu t  exh ibi ts  th is  characteri stic,  or  i f  the  horizon tal  and  
vertical  FWHM  ang les  are  g reater than  1 80° ,  the  possibi l i ty  shou ld  be  considered  that  
the  l i gh t  poin t  shou ld  be  tested  as  d i rected .  

NOTE  Th e  term s  "hori zon tal "  and  "vert i cal "  are  u sed  for  notat i on al  conven i ence;  the  hori zon tal  and  vert i cal  p l anes  
for  the  pu rposes  o f  l i g h t  d i s tri bu t i on  are  n ot  necessari l y  hori zon tal  and  verti cal  re lat i ve  to  the  g round  wh en  the  l i g h t  
po i n t  i s  i n  u se  or  when  the  measu rement  i s  be i ng  performed .  The  ori en tati on  o f  the  l i g h t  po i n t  i n  the  l aboratory  
does  not  necessari l y  correspond  to  the  product’ s  i n tended  use.   

b)  Prepare  the  test  sample  for  l i gh ti ng  evaluati on  as  described  i n  I . 4. 1 .  

IEC  
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T.4.2  Goniophotometer 

A gon iophotometer may be  used  to  measure  both  the  l i gh t  d i stribu tion  characteri sti cs  of  a  
l i gh t  source  and  also  the  total  l um inous  fl ux.  Operation  of  a  gon iophotometer i s  beyond  the  
scope  of  th i s  part  o f  IEC  62257,  and  testing  wi th  a  gon iophotometer device  shou ld  be  
conducted  accord ing  to  the  fo l l owing  standard  test  methods,  wi th  the  DUT operated  us ing  the  
average  operati ng  vo l tage  as  described  i n  Annex I :  

•  C IE  084 

•  C IE  1 27  

•  I ESNA LM-79-08  

T.4.3  Mu l ti -plane method  

T.4.3.1  General  

The  mu l t i -plane  method,  described  i n  I . 4. 3 ,  can  be  used  to  measure  l um inous  fl ux  and  
characteri ze  l i gh t  d i stribu tion  of  ambien t  l i gh ts,  suspended  task l i gh ts,  and  desktop  task l i gh ts.  
For  characteriz ing  the  l i gh t  d i stribu tion  of  desktop  task l i gh ts,  depend ing  on  the  detai l s  o f  the  
i n tended  appl ication ,  the  i l l um inance  on  a  desktop  method  (T.4.6)  i s  general l y  more  
appropriate;  the  mu l ti -plane  and  i l l um inance  on  a  desktop  methods  may be  used  i n  
con junction  to  obtain  both  l um inous  fl ux  and  l i gh t  d i stribu tion  characteri stics.  

T.4.3.2  Equ ipment  requ irements  

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Mu l ti -plane  test  apparatus  (described  i n  Annex I ) .  

•  DC  power supply.  

•  I l l um inance  meter.  

•  DC  vo l tmeter  or  mu l t imeter.  

•  DC  ammeter.  

T.4.3.3  Test  prerequ isi tes  

The  product  speci fi cation  shal l  define  the  d istance(s)  at  wh ich  the  usable  area,  work su rface  
i l l um inance,  and  rad ial  d i stribu tion  of  i l l uminance  are  to  be  determined  and  the  m in imum  
i l l um inance  to  be  used  i n  the  usable  area calcu lation .  D istances  shal l  be  speci fi ed  as  the  
d i stance  from  the  g rid  su rface  to  the  cen tre  of  the  l i gh t  po in t.  The  DUT’s  battery vo l tage  and  
cu rren t  draw correspond ing  to  the  average  l i gh t  ou tpu t  over the  L70  run  t ime  are  requ i red .  The  
DUT shal l  be  prepared  for  l i gh ting  evaluation  as  described  i n  Annex G .  Before  measurement,  
the  battery of  the  DUT shal l  be  replaced  by a  DC  power supply.  

T.4.3.4  Apparatus 

The  mu l ti -plane  apparatus  i s  described  i n  I . 4. 3 .  

T.4.3.5  Procedure 

The  test  procedures  for  determ in ing  the  ambien t  l i gh t  characterizati on  are  the  same  
procedures  as  those  used  to  determ ine  total  l um inous  fl ux  and  are  described  i n  I . 4. 3 . 5.  Th is  
procedure  needs  on ly to  be  conducted  once  per test  sample  to  gather  al l  necessary 
i n formation  needed  to  calcu late  l um inous  fl ux  (as  detai led  i n  Annex I ) ,  usable  area,  work 
su rface  i l l um inance,  and  FWHM ang les.  Th is  test  shal l  be  completed  on  two  test  samples,  i . e .  
a  sample  s ize  of  two.  
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T.4.3.6  Calcu lations 

Since  the  mu l ti -plane  method  requ i res  the  DUT to  be  posi ti oned  so  that  i ts  cen tre  po in t  i s  at  a  
d istance  of  0 , 5  m  from  the  l i gh ting  d istribu tion  g ri d  su rface,  the  measurements  shal l  be  
ad justed  by perform ing  the  fo l l owing  calcu lations:  

a)  Correct  for  d i fferences  i n  measurement  d istance  by ad justing  the  i l l uminance  values  to  the  
desi red  d i stance  for  on ly  the  measurements  on  the  f i rst  su rface  
measured  i n  the  mu l ti -plane  method  ( i . e.  the  su rface  con tain ing  the  po in t  o f  maximum  
i l l um inance) .  Use  the  fo l l owing  formu la:  

 

where  

Ev, ad j  i s  the  i l l um inance  ad justed  for  d istance,  i n  l ux  ( l x) ;  

Ev, su rf  i s  the  measured  i l l um inance  on  the  g ri d  su rface,  i n  l ux  ( l x) ;  

ysu rf  i s  the  d i stance  between  the  cen tre  of  the  g rid  surface  and  the  DUT during  the  
test  (0 ,5  m) ,  i n  metres  (m) ;  

yspec  i s  the  d istance  at  wh ich  usable  area and  work surface  i l l um inance  are  to  be  
determined  (see  T.4. 3 .3) ,  i n  metres  (m) .   

b)  Calcu late  the  average  of  the  i l l um inance  ad justed  for  d istance  (Ev, ad j )  over al l  possible  
reg ions  of  the  fi rst  measured  1  m 2  g ri d  su rface  that  are  composed  of  twelve  i l l um inance  
values  i n  a  four  by th ree  con figu ration .  The  maximum  of  the  calcu lated  averages  i s  the  
DUT’s  work su rface  i l l uminance.  

NOTE  1  The  work su rface  d imensi ons  were  se lected  to  correspond  to  two  ad j acen t  sheets  o f  A4  paper.  

c)  Coun t  the  number of  i l l um inance  values  equal  to  or  g reater than  the  speci fied  m in imum  
i l l um inance  (see  T.4. 3 .3) .  Each  value  corresponds  to  0 , 01  m 2 .  Mu l tiply  the  number of  
values  by 0 , 01  m2  to  obtain  the  total  usable  area.  (A maximum  usable  area of  1 , 21  m2  i s  
ach ievable  when  taking  1 21  measurements. )   

d )  Repeat  step  c)  for a  range  of  m in imum  i l l um inance  values.  See  Table  T. 3  for  an  example  
of  determ in ing  the  usable  area for  a  range  of  m in imum  i l l um inance  values.   

e)  P lot  the  usable  area as  a  function  of  m in imum  i l l um inance.  P lot  the  values  for  each  of  the  
tested  settings  on  the  same plot.  The  domain  of  the  plot  shal l  i nclude  the  maximum  
i l l um inance  value  for the  DUT’s  brigh test  setting .  See  Fi gu re  T. 7  for an  example  of  a  plot  
showing  usable  area as  a  function  of  m in imum  i l l um inance.  

f)  Create  a  th ree-d imensional  su rface  plot  showing  the  i l l um inance  values  on  the  bri gh test  
su rface  of  the  1  m2  g rid .  See  Figure  T.8  for  an  example  of  a  th ree-d imensional  su rface  
plot.  

I n  order to  generate  polar p lots  of  the  d istribu tion  and  to  calcu late  FWHM ang les,  the  data 
co l lected  by the  mu l ti -plane  method  wi l l  need  to  be  ad justed  to  estimate  the  i l l um inance  on  
the  i nner su rface  of  a  vi rtual  sphere  cen tred  on  the  DUT’s  l i gh t  source.  These  calcu lations  are  
on ly  val i d  i f  the  d istance  from  the  l i gh t  source  to  the  i l l um inance  meter i s  at  l east  fi ve  t imes  
the  longest  d imension  of  the  emissive  surface  of  the  DUT.  I f  th is  cond i t i on  i s  not  met,  the  
polar plots  shal l  be  generated  and  FWHM  ang les  determined  us ing  the  gon iophotometer  
(T.4.2)  or  tu rn table  (T. 4.5)  method .  

g )  Correct  the  ori g i nal ,  measured  i l l um inance  values  (Ev, su rf)  for  d i fferences  i n  measurement 
d istance  by ad justi ng  each  measured  i l l um inance  value  to  a  constan t  d istance  from  the  
DUT,  usi ng  the  fo l l owing  formu la:  

 

where  
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Ev, d  i s  the  i l l um inance  ad justed  to  a  constan t  d istance  from  the  l i gh t  source,  i n  l ux  
( l x) ;  

Ev, su rf  i s  the  measured  i l l um inance  on  the  g rid  su rface,  i n  l ux  ( l x) ;  

x  i s  the  hori zon tal  posi ti on  of  the  i l l um inance  meter relati ve  to  the  cen tre  of  the  
g ri d ,  i n  metres  (m) ;  

z  i s  the  vertical  posi t ion  of  the  i l l um inance  meter re lati ve  to  the  cen tre  of  the  g ri d ,  
i n  metres  (m) ;  

ysu rf  i s  the  d i stance  between  the  cen tre  of  the  g rid  surface  and  the  DUT during  the  
test  (0 ,5  m) ,  i n  metres  (m) ;  

R  i s  the  d istance  at  wh ich  the  rad ial  d i stribu ti on  of  i l l um inance  i s  to  be  
determ ined  (see  T.4. 3 .3) ,  i n  metres  (m) .  

NOTE  2  The  coord i nate  axes  are  o ri en ted  accord i ng  to  Fi gu re  I . 1 ,  wi th  the  ori g i n  at  the  DUT’s  l i g h t  sou rce;  th at  i s ,  
at  the  cen tre  o f  the  g ri d ,  x  =  0 ,  z  =  0 ,  an d  y  =  ysu rf .  The  nu merator  o f  th e  fracti on  i n  the  formu la  i s  the  d i s tance,  i n  
metres ,  from  the  i l l um i n ance  m eter  to  the  DUT.  

N OTE  3  On l y  those  val ues  that  wi l l  be  u sed  i n  fu rther  cal cu l at i ons  n eed  to  be  corrected .  Typi cal l y,  th i s  i s  the  set  
o f  val u es  l yi ng  i n  the  hori zon tal  and  vert i cal  p l anes,  as  descri bed  i n  s teps  i )  and  j )  be l ow.  

h)  Next,  correct  for  d i fferences  i n  measurement ang le  so  that  the  i l l um inance  values  
represen t  the  i l l uminance  on  the  i nner su rface  of  a  sphere  of  rad ius  R  cen tred  at  the  
DUT’s  l i gh t  source,  usi ng  the  fo l lowing  formu la:  

 

where  

Ev, sph ere  i s  the  i l l um inance  on  the  vi rtual  sphere,  i n  l ux  ( l x) ;  

Ev, d  i s  the  i l l um inance  ad justed  to  a  constan t  d istance  from  the  l i gh t  source,  i n  l ux  
( l x) ;  

θ  i s  the  ang le  between  a  l i ne  connecting  the  DUT and  the  i l l um inance  meter  and  
a  l i ne  connecting  the  DUT and  the  cen tre  of  the  g rid ;  

x  i s  the  horizon tal  posi tion  of  the  i l l uminance  meter  re lati ve  to  the  centre  of  the  
g rid ,  i n  metres  (m) ;  

z  i s  the  vertical  posi ti on  of  the  i l l uminance  meter re lati ve  to  the  cen tre  of  the  g rid ,  
i n  metres  (m) ;  

ysu rf  i s  the  d i stance  between  the  cen tre  of  the  g rid  surface  and  the  DUT during  the  
test,  i n  metres  (m) ;  

R  i s  the  d i stance  at  wh ich  the  rad ial  d i stribu tion  of  i l l um inance  i s  to  be  
determ ined  (see  T.4. 3 .3) ,  i n  metres  (m) .  

i )  Calcu late  the  hori zon tal  FWHM  ang le  usi ng  the  fo l l owing  steps.  

1 )  I den ti fy  the  i l l um inance  values  on  the  vi rtual  sphere  (Ev, sphere )  that  l i e  on  the  horizon tal  
p lane  (paral le l  to  the  g round)  that  i n tersects  the  cen tre  of  the  bri gh test  su rface  of  the  
1  m2  g rid  (Figure  T. 1  and  Figure  T.2) .  The  po in t  o f  maximum  i l l um inance  shou ld  fal l  on  
th is  plane.  

2)  For each  i l l um inance  value  i n  the  horizon tal  p lane,  calcu late  the  ang le  between  the  Y 
axis  (as  defined  i n  Figure  I . 1 ,  wi th  the  ori g i n  of  the  coord inate  system  at  the  DUT)  and  
the  l i ne  connecting  the  DUT’s  l i gh t  source  and  the  location  of  the  i l l um inance  
measurement.  Tabu late  the  i l l uminance  (Ev, sphere)  as  a  function  of  ang le.  

3 )  Calcu late  the  hal f-maximum  i l l um inance  (Ev, 1 /2) ,  wh ich  i s  hal f  o f  the  maximum  value  of  
Ev, sphere  i n  the  plane  i den ti f ied  i n  s tep  (1 ) .  

4)  Li nearly  i n terpolate  between  ad jacent  i l l um inance  values  (as  a  function  of  ang le)  to  
i den ti fy  the  reg ions  over wh ich  the  i l l um inance  Ev, sphere  i s  g reater than  Ev, 1 /2 .  

5 )  Calcu late  the  FWHM  ang le  as  the  total  ang le  subtended  by the  reg ions  where  Ev, sphere  
i s  g reater  than  Ev, 1 /2 .  I f  there  are  mu l t iple  reg ions  over wh ich  the  i l l um inance  i s  g reater 
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than  or  equal  to  Ev, 1 /2 ,  the  FWHM  ang le  i s  the  sum  of  the  ang les  subtended  by al l  such  
reg ions.  I f  there  are  no  poin ts  for  wh ich  the  i l l um inance  i s  l ess  than  Ev, 1 /2 ,  the  FWHM 
ang le  i s  360°.  See  Figu re  T.3  for  examples.  

 

  

a)  Suspended  task l i gh t  wi th  FWHM =  1 1 9°  b)  Omnid i rectional  ambient  l i gh t  wi th  FWHM =  335°  

Key 

Ev, m ax  Maxi mum  i l l um inance  ( l x)  

Ev, 1 /2  H al f-maxi mum  i l l um i n ance  ( l x)  

N OTE  The  h al f-maxi mum  i l l um i n ance  (Ev, 1 /2 )  i s  i nd i cated  by  the  do tted  l i ne .  The  i l l um i nance  exceeds  Ev, 1 /2  i n  
the  shaded  areas.  The  sum  o f  the  ang l es  subtended  by the  shaded  areas  i s  the  FWHM  ang le .  

Figure  T.3  – Rad ial  i l luminance d istributions for  two  example  DUTs,  
showing  the  calcu lation  of  the  FWHM ang le  

j )  To  calcu late  the  verti cal  FWHM  ang le,  repeat  the  previous  step  us ing  the  verti cal  plane  
that  i n tersects  the  cen tre  of  the  bri gh test  su rface  of  the  1  m2  g ri d .  (The  poin t  o f  maximum  
i l l um inance  shou ld  be  on  the  i n tersection  of  the  hori zon tal  and  verti cal  planes. )  Report  
horizon tal  and  vertical  FWHM  ang les  separately.  

k)  P lot  the  rad ial  d i stribu tion  of  i l l um inance  i n  the  hori zon tal  and  vertical  p lanes  on  two  
separate  po lar p lots.  The  "horizon tal "  sweep i ncludes  the  brigh test  measurement  and  al l  o f  
the  measurements  wi th i n  the  plane  paral le l  to  the  g round  during  testi ng .  The  "verti cal "  
sweep i ncludes  the  bri gh test  measurement  and  al l  o f  the  measurements  i n  the  plane  that  
i s  normal  to  the  "horizon tal "  plane.  See  Figure  T.9  for  an  example  of  a  polar plot.  

T.4.4  I l luminance on  a  plane method  

T.4.4.1  General  

I n  th i s  test,  an  examination  i s  made  and  a  report  g i ven  of  the  i l l um ination  l evel  on  a  su rface  of  
1  m2 .  Th is  test  measures  the  usable  area and  work surface  i l l um inance.  I f  the  DUT’s  l i gh t  
d i stribu tion  i s  su ffi cien tl y narrow,  the  FWHM  ang les  can  also  be  measured  using  th i s  method.  
To  measure  wider  FWHM  ang les,  or i f  p lots  of  the  rad ial  i l l um inance  d i stribu tion  are  desi red ,  
th is  method  may be  used  i n  con juncti on  wi th  the  tu rn table  method  (T. 4. 5) .  Th is  test  i s  
appropriate  for  ambien t  and  suspended  task l i gh ts;  ambien t  l i gh ts  wi th  very wide-ang le  or 
omn id i rectional  ou tpu t  shou ld  be  tested  usi ng  the  gon iophotometer (T.4.2) ,  mu l ti -plane  (T.4. 3) ,  
or  tu rn table  (T.4.5)  method .  

T.4.4.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  
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•  DC  power supply.  

•  DC  vol tmeter or  mu l timeter.  

•  DC  ammeter.  

•  I l l um inance  meter.  

•  L i gh ti ng  d i stribu ti on  g rid  testi ng  su rface.  

T.4.4.3  Test  prerequisi tes 

The  product  speci fi cation  shal l  define  the  d istance(s)  at  wh ich  the  usable  area,  work surface  
i l l um inance,  and  rad ial  d i stribu ti on  of  i l l um inance  are  to  be  determ ined  and  the  m in imum  
i l l um inance  to  be  used  i n  the  usable  area calcu lation .  The  speci fi ed  d istance  i s  0 , 75  m  to  the  
cen tre  of  the  l i gh t  po in t  un less  a  speci fi cation  states  otherwise.  The  DUT’s  battery vo l tage  
and  cu rren t  d raw correspond ing  to  the  average  l i gh t  ou tpu t  over the  L70  run  t ime  i s  requ i red .  
The  DUT shal l  be  prepared  for  l i gh ting  evaluati on  as  described  i n  Annex G .  Before  
measurement,  the  battery of  the  DUT shal l  be  replaced  by a  DC  power supply.  Measurements  
shal l  be  taken  i n  a  cond i ti oned  space  such  that  the  ai r  temperatu re  i s  24  °C ±  3  °C.  

T.4.4.4  Apparatus  

The  apparatus  for th is  test  consists  of  a  1  m2  measurement  target  wi th  1 21  even ly-spaced  
measurement  poin ts  (spaced  1 0  cm  apart) ,  an  i l l um inance  meter,  and  a  mechan ism  capable  
of  mounting  the  DUT at  the  speci fi ed  d istance  from  the  measurement  target  (see  Fi gu re  T.4) .  
Testing  shal l  be  done  i n  a  complete ly dark space,  except  for  i l l um ination  provided  by the  DUT.  
The  test  operator  shou ld  wear al l -black cloth ing  i f  requ i red  to  be  near to  the  measurement  
su rface.  

 

Figure  T.4  – Schematic  of  a  task l ight  suspended  above an  i l luminance meter 

T.4.4.5  Procedure 

The  fo l lowing  steps  shal l  be  fo l l owed .  

a)  Set  the  vo l tage  of  the  power supply  such  that  the  vo l tage  at  the  DUT i s  equal  to  the  
average  operati ng  vo l tage  of  the  battery (Annex M ) .  Fo l low power supply gu idel i nes  i n  the  
power supply  set  up  procedure  (Annex H ) .  

b)  I f  at  the  desi red  vo l tage  the  DUT wi l l  not  operate  i n  the  desi red  setting ,  i ncrease  the  
power supply  vo l tage  by i ncrements  of  0 , 05  V un ti l  the  DUT i s  able  to  operate  i n  the  
desi red  setting ,  then  attempt  to  reduce  the  vo l tage  to  the  desi red  l evel .  

c)  Posi ti on  the  DUT as  shown  i n  Figure  T.4  so  that  the  po in t  of  maximum  i l l um inance  i s  i n  
the  cen tre  of  the  g rid .  The  d i stance  from  the  DUT’s  l i gh t  source  to  the  g ri d  shal l  be  equal  

IEC  
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to  the  d istance  at  wh ich  the  usable  area and  work su rface  i l l um inance  are  to  be  
determ ined  (see  T. 4. 4. 3) .  The  DUT need  not  be  suspended  verti cal l y;  the  measurement  
g ri d  may be  on  a  horizon tal  or  vertical  su rface.   

d )  Operate  the  DUT for  at  l east  20  m in  at  the  desi red  setting  before  the  fi rst  measurement  i s  
s tarted .  

e)  Measure  i l l um inance  at  each  of  the  1 21  measurement poin ts  on  the  test  p lane.  However,  
i l l um inance  need  not  be  measured  for  the  g rid  po in ts  at  wh ich  the  i l l um inance  i s  l ess  than  
the  resolu tion  of  the  i l l um inance  meter or  l ess  than  0 ,2  % of  the  maximum  i l l uminance  
read ing  on  the  g rid .  

T.4.4.6  Calcu lations 

The  fo l lowing  calcu lati ons  shal l  be  made.  

a)  Calcu late  the  average  i l l um inance  over al l  possible  reg ions  of  the  1  m2  g ri d  surface  that  
are  composed  of  twelve  i l l um inance  values  i n  a  fou r by th ree  con figu ration .  The  maximum  
of  the  calcu lated  averages  i s  the  DUT’s  work surface  i l l uminance.  

b)  Count  the  number of  i l l um inance  values  equal  to  or  g reater than  the  speci fi ed  m in imum  
i l l um inance  (see  T. 4.4.3) .  Each  value  corresponds  to  0 , 01  m2 .  Mu l tiply  the  number of  
values  by 0 , 01  m2  to  obtain  the  total  u sable  area (a  maximum  usable  area of  1 , 21  m2  i s  
ach ievable  when  taking  1 21  measurements) .   

c)  Repeat  step  b)  for  a  range  of  m in imum  i l l uminance  values.  See  Table  T. 3  for  an  example  
of  determ in ing  the  usable  area for  a  range  of  m in imum  i l l um inance  values.   

d )  P lot  the  usable  area as  a  function  of  m in imum  i l l um inance.  P lot  the  values  for  each  of  the  
tested  setti ngs  on  the  same plot.  The  domain  of  the  plot  shal l  i nclude  the  maximum  
i l l um inance  value  for the  DUT’s  bri gh test  setti ng .  See  Figure  T. 7  for an  example  of  a  plot  
showing  usable  area as  a  function  of  m in imum  i l l um inance.  

e)  Create  a  th ree-d imensional  su rface  plot  showing  the  i l l um inance  values  on  the  en ti re  g rid .  
See  Figu re  T. 8  for  an  example  of  a  th ree-d imensional  su rface  plot.  

For  DUTs  wi th  su ffi cien tl y  narrow l i gh t  d i stribu tions,  FWHM  ang les  can  be  determ ined  from  
the  i l l um inance  on  a  plane  method .  I n  order to  calcu late  FWHM  ang les,  the  data co l lected  by 
the  i l l um inance  on  a plane  method  wi l l  need  to  be  ad justed  to  estimate  the  i l l uminance  on  the  
i nner su rface  of  a  vi rtual  sphere  cen tred  on  the  DUT’s  l i gh t  source.  These  calcu lations  are  
on ly  val i d  i f  the  d istance  from  the  l i gh t  source  to  the  i l l um inance  meter  i s  at  l east  fi ve  t imes  
the  longest  d imension  of  the  em issive  surface  of  the  DUT.  I f  th is  cond i t i on  i s  not  met,  the  
FWHM  ang les  shal l  be  determ ined  us ing  the  gon iophotometer (T.4.2)  or  tu rn table  (T.4. 5)  
method .  I f  the  FWHM  ang le  cannot  be  determ ined  because  the  d istribu tion  i s  too  wide,  the  
FWHM  ang les  shal l  be  determined  us ing  the  gon iophotometer (T. 4.2) ,  mu l ti -plane  (T.4.3) ,  or  
tu rn table  (T.4. 5)  method .  

f)  Correct  the  measured  i l l um inance  values  for  d i fferences  i n  measurement  d istance  by 
ad justi ng  each  measured  i l l um inance  value  to  a  constan t  d istance  from  the  DUT,  us ing  the  
fo l l owing  formu la:  

 

where  

Ev, d  i s  the  i l l um inance  ad justed  to  a  constan t  d istance  from  the  l i gh t  source,  i n  l ux  
( l x) ;  

Ev, su rf  i s  the  measured  i l l um inance  on  the  g rid  su rface,  i n  l ux  ( l x) ;  

x  i s  the  hori zon tal  posi ti on  of  the  i l l um inance  meter relati ve  to  the  cen tre  of  the  
g ri d ,  i n  metres  (m) ;  

z  i s  the  vertical  posi t ion  of  the  i l l um inance  meter re lati ve  to  the  cen tre  of  the  g ri d ,  
i n  metres  (m) ;  

ysu rf  i s  the  d i stance  between  the  cen tre  of  the  g rid  surface  and  the  DUT during  the  
test  ( typical ly  0 , 5  m) ,  i n  metres  (m) ;  
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R  i s  the  d istance  at  wh ich  the  rad ial  d i stribu ti on  of  i l l um inance  i s  to  be  
determ ined  (see  T. 4. 4.3) ,  i n  metres  (m) .  

NOTE  1  The  coord i nate  axes  are  o ri en ted  accord i ng  to  Fi gu re  I . 1 ,  wi th  the  ori g i n  at  the  DUT’s  l i g h t  sou rce;  that  i s ,  
at  the  cen tre  o f  th e  g ri d ,  x  =  0 ,  z  =  0 ,  an d  y  =  ysu rf .  The  nu merator  of  the  fracti on  i n  the  fo rmu la i s  the  d i s tance,  i n  
metres ,  from  the  i l l u m i nance  meter to  the  DUT.  

NOTE  2  On l y  those  val ues  that  wi l l  be  used  i n  fu rther cal cu l ati ons  need  to  be  corrected .  Typi cal l y,  th i s  i s  the  set  
o f  val ues  l yi ng  i n  th e  hori zon tal  and  verti cal  p l anes,  as  descri bed  i n  s teps  h )  and  i )  be l ow.  

g )  Next,  correct  for  d i fferences  i n  measurement ang le  so  that  the  i l l um inance  values  
represen t  the  i l l um inance  on  the  i nner su rface  of  a  sphere  of  rad ius  R  cen tred  at  the  
DUT’s  l i gh t  source,  usi ng  the  fo l lowing  formu la:  

 

where  

Ev, sphere  i s  the  i l l um inance  on  the  vi rtual  sphere,  i n  l ux  ( l x) ;  

Ev, d  i s  the  i l l um inance  ad justed  to  a  constan t  d istance  from  the  l i gh t  source,  i n  l ux  
( l x) ;  

θ  i s  the  ang le  between  a  l i ne  connecting  the  DUT and  the  i l l um inance  meter  and  
a  l i ne  connecting  the  DUT and  the  cen tre  of  the  g rid ;  

x  i s  the  hori zon tal  posi t ion  of  the  i l l um inance  meter re lati ve  to  the  centre  of  the  
g ri d ,  i n  metres  (m) ;  

z  i s  the  vertical  posi ti on  of  the  i l l uminance  meter re lati ve  to  the  cen tre  of  the  g ri d ,  
i n  metres  (m) ;  

ysu rf  i s  the  d i stance  between  the  cen tre  of  the  g ri d  surface  and  the  DUT during  the  
test,  i n  metres  (m) ;  

R  i s  the  d i stance  at  wh ich  the  rad ial  d i stribu tion  of  i l l um inance  i s  to  be  
determined  (see  T.4. 4.3) ,  i n  metres  (m) .  

h )  Calcu late  the  horizon tal  FWHM  ang le  using  the  fo l lowing  steps:  

1 )  I den ti fy the  i l l um inance  values  on  the  vi rtual  sphere  (Ev, sphere )  that  l i e  on  the  hori zon tal  
p lane  (paral le l  to  the  g round)  that  i n tersects  the  cen tre  of  the  bri gh test  su rface  of  the  
1  m2  g ri d  ( ) .  The  po in t  o f  maximum  i l l um inance  shou ld  fal l  on  th i s  p lane.  

2)  For each  i l l um inance  value  on  the  hori zon tal  p lane,  calcu late  the  ang le  between  the  Y 
axis  (as  defined  i n  Figu re  I . 1 ,  wi th  the  ori g in  of  the  coord inate  system  at  the  DUT)  and  
the  l i ne  connecting  the  DUT’s  l i gh t  source  and  the  l ocati on  of  the  i l l um inance  
measurement.  Tabu late  the  i l l um inance  (Ev, sphere)  as  a  function  of  ang le.  

3 )  Calcu late  the  hal f-maximum  i l l um inance  (Ev, 1 /2) ,  wh ich  i s  hal f  o f  the  maximum  value  of  
Ev, sphere  i n  the  plane  i den ti f ied  i n  s tep  (1 ) .  

4)  Li nearly  i n terpolate  between  ad jacent  i l l um inance  values  (as  a  function  of  ang le)  to  
i den ti fy  the  reg ions  over wh ich  the  i l l um inance  Ev, sphere  i s  g reater  than  Ev, 1 /2 .  

5 )  Calcu late  the  FWHM  ang le  as  the  total  ang le  subtended  by the  reg ions  where  Ev, sphere  
i s  g reater  than  Ev, 1 /2 .  I f  there  are  mu l t iple  reg ions  over wh ich  the  i l l um inance  i s  g reater 
than  or  equal  to  Ev, 1 /2 ,  the  FWHM  ang le  i s  the  sum  of  the  ang les  subtended  by al l  such  
reg ions.  I f  the  i l l uminance  at  the  l eftmost  or  ri gh tmost  po in t  i s  g reater  than  Ev, 1 /2 ,  the  
FWHM  ang le  cannot  be  determ ined  us ing  the  i l l um inance  on  a  plane  method.  See  
Fi gure  T.3  for examples.  

6)  To  calcu late  the  verti cal  FWHM  ang le,  repeat  the  previous  step usi ng  the  verti cal  plane  
that  i n tersects  the  cen tre  of  the  bri gh test  su rface  of  the  1  m2  g rid .  (The  poin t  of  
maximum  i l l um inance  shou ld  be  on  the  i n tersection  of  the  horizon tal  and  vertical  
p lanes. )  Report  horizon tal  and  vertical  FWHM  ang les  separately.  
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T.4.5  Turntable  method  

T.4.5.1  General  

Th is  test  measures  the  rad ial  d i stribu tion  of  i l l um inance  at  a  constan t  d i stance  from  the  DUT.  
The  tu rn table  method  i s  su i ted  for  ambien t  and  suspended  task l i gh ts.  Th is  method  may be  
used  i n  con juncti on  wi th  the  i l l um inance  on  a  p lane  method  to  determ ine  the  FWHM  ang les,  
usable  area,  and  work su rface  i l l um inance.  

T.4.5.2  Equ ipment  requ irements  

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Tu rn table  (see  Figu re  T. 5) .  

•  DC  power supply.  

•  I l l um inance  meter.  

•  DC  vo l tmeter or  mu l timeter.   

T.4.5.3  Test  prerequ isi tes  

The  product  speci fi cation  shal l  defi ne  the  d i stance  at  wh ich  the  rad ial  d i stribu tion  of  
i l l um inance  i s  to  be  determ ined .  The  speci fied  d istance  i s  1  m  un less  the  product  speci fi cation  
states  otherwise.  The  DUT shal l  be  prepared  for l i gh ting  evaluation  as  described  i n  Annex G .  
Before  measurement,  the  battery of  the  DUT shal l  be  replaced  by a  DC  power supply.  
Measurements  shal l  be  taken  i n  a  cond i ti oned  space  such  that  the  ai r  temperature  i s   
24  °C ±  3  °C.  

T.4.5.4  Apparatus  

Th is  test  i s  performed  us ing  a  tu rn table  (see  Fi gu re  T. 5) .  The  DUT i s  p laced  on  the  tu rn table  
and  i l l um inance  i s  measured  at  the  d i stance  g i ven  i n  the  product  speci fi cation  ( from  the  
cen tre  of  the  DUT’s  l i gh t  source  to  the  i l l um inance  meter sensor) .  Testing  shal l  be  done  i n  a  
completely  dark space,  except  for  i l l um ination  provided  by the  DUT.  The  test  operator  shou ld  
wear al l -black cloth ing  i f  requ i red  to  be  near to  the  measurement  surface.  Ensure  that  the  
cen tre  of  the  DUT’s  l i gh t  source  i s  at  the  same heigh t  as  the  i l l uminance  meter du ring  the  test  
and  that  the  i l l um inance  meter i s  posi ti oned  at  the  po in t  of  maximum  i l l um inance.  I f  t i l t i ng  the  
DUT to  posi ti on  the  i l l uminance  meter at  the  poin t  of  maximum  i l l um inance  wou ld  resu l t  i n  an  
i naccurate  measurement  of  the  FWHM ang le  and  rad ial  i l l um inance  d istribu ti on  ( for  example,  
i f  the  DUT i s  an  omn id i rectional  ambien t  l i gh t) ,  the  DUT or  i l l um inance  meter may be  raised  or  
l owered  i nstead .  As  an  al ternati ve  to  a  tu rn table,  an  apparatus  i n  wh ich  the  i l l um inance  meter 
i s  rotated  or posi t ioned  at  poin ts  at  a  constan t  d i stance  around  a stati onary DUT may be  used.  
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Figure  T.5  – Schematic  of  turntable setup,  wi th  the  DUT shown   

T.4.5.5  Procedure 

The  fo l lowing  steps  shal l  be  fo l l owed .  

a)  Set  the  vo l tage  of  the  power supply such  that  the  vol tage  at  the  product  i s  equal  to  the  
average  operati ng  vol tage  of  the  battery (Annex M )  and  use  i t  to  power the  DUT,  wh ich  
shou ld  be  resting  or  secu red  on  the  tu rn table  so  that  the  measured  i l l uminance  values  l i e  
i n  the  hori zon tal  plane  shown  i n  Figure  T. 1 ,  wi th  the  i l l um inance  meter at  the  poin t  of  
maximum  i l l um inance.  Fol low power supply  gu idel i nes  i n  the  power supply  setup 
procedure  (Annex H ) .  The  d i stance  from  the  cen tre  of  the  DUT’s  l i gh t  source  to  the  
i l l um inance  meter  shou ld  be  equal  to  the  d istance  at  wh ich  the  rad ial  d i stribu tion  of  
i l l um inance  i s  to  be  measured  (see  T. 4. 5. 3) .  

b)  I f  at  desi red  vo l tage  the  DUT wi l l  not  operate  at  the  desi red  setting ,  i ncrease  the  power 
supply vo l tage  by i ncrements  of  0 , 05  V un ti l  the  DUT i s  able  to  operate  at  the  desi red  
setting ,  then  attempt  to  reduce  the  vo l tage  to  the  desi red  level .  

c)  Operate  the  DUT for  at  l east  for  20  m in  at  the  desi red  setting  before  the  fi rst  measurement  
i s  s tarted .  

d )  Measure  i l l um inance  levels  at  l east  every 1 0°  for  the  fu l l  360°  ang le.  However,  
measurements  need  not  be  taken  for  ang les  at  wh ich  the  i l l um inance  value  i s  known  to  be  
l ess  than  the  resolu tion  of  the  i l l um inance  meter or  l ess  than  0 , 2  % of  the  i l l um inance  at  
the  brigh test  poin t.  Further,  i f  the  FWHM  ang les  are  captu red  after measuring  the  
i l l um inance  l evels  over the  bri gh test  1 80° ,  add i ti onal  measurements  need  not  be  
performed.  

e)  Repeat  the  procedure  wi th  the  DUT resting  at  an  ori en tation  normal  to  the  "horizon tal "  
ori en tation .  Th is  wi l l  al low measurement  of  a  "verti cal "  sweep.  A special  apparatus  may be  
requ i red  to  secure  the  DUT i n  th is  ori en tation .  

T.4.5.6  Calcu lations 

The  fo l l owing  calcu lations  shal l  be  made.  

a)  Calcu late  the  horizon tal  FWHM  ang le  usi ng  the  fo l lowing  steps.  

1 )  Calcu late  the  hal f-maximum  i l l um inance  (Ev, 1 /2 ) ,  wh ich  i s  hal f  o f  the  maximum  
i l l um inance  value  from  the  horizon tal  sweep.  

IEC  
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2)  I den ti fy  the  reg ions  from  the  hori zon tal  sweep over wh ich  the  measured  i l l um inance  i s  
g reater than  Ev, 1 /2 .  I f  the  angu lar resolu tion  of  the  measurements  performed  i n  T. 4. 5. 5  
i s  coarser than  2° ,  l i nearly  i n terpolate  between  measurements  (as  a  function  of  ang le)  
to  obtain  f i ner resolu tion .  

3 )  Calcu late  the  FWHM  ang le  as  the  total  ang le  subtended  by the  reg ions  where  the  
measured  i l l um inance  i s  g reater than  Ev, 1 /2 .  I f  there  are  mu l ti ple  reg ions  over wh ich  
the  i l l um inance  i s  g reater  than  or  equal  to  Ev, 1 /2 ,  the  FWHM  ang le  i s  the  sum  of  the  
ang les  subtended  by al l  such  reg ions.  I f  there  are  no  po in ts  for  wh ich  the  i l l um inance  
i s  l ess  than  Ev, 1 /2 ,  the  FWHM  ang le  i s  360° .  See  Figure  T. 3  for examples.  

b)  To  calcu late  the  verti cal  FWHM  ang le,  repeat  the  previous  step  us ing  the  measurements  
from  the  verti cal  sweep.  Report  horizon tal  and  verti cal  FWHM  ang les  separately.  

c)  P lot  the  i l l um inance  values  over the  "hori zon tal "  and  "vertical "  sweeps  as  two  separate  
polar  p lots.  See  Figu re  T. 8  for  an  example  of  a  polar p lot.  

T.4.6  I l luminance on  a  desktop  method  

T.4.6.1  Equ ipment  requ irements 

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  DC  power supply.  

•  I l l um inance  meter.   

•  Li gh ti ng  d istribu ti on  g rid  testing  su rface.  

T.4.6.2  Test  prerequisi tes  

The  DUT’s  battery vo l tage  and  cu rren t  draw correspond ing  to  the  average  l i gh t  ou tpu t  over 
the  L70  run  t ime  i s  requ i red .  The  DUT shal l  be  prepared  for  l i gh ti ng  evaluation  as  described  i n  
Annex G .  Before  measurement,  the  battery of  the  DUT shal l  be  replaced  by a  DC  power 
supply.  Measurements  shal l  be  taken  i n  a  cond i ti oned  space  such  that  the  ai r  temperatu re  i s  
24  °C ±  3  °C.  

T.4.6.3  Apparatus  

Figure  T.6  shows  a  s ide  vi ew of  the  desktop  l i gh t  measuring  setup.  The  test  operator shou ld  
wear al l -black cloth ing  i f  requ i red  to  be  near to  the  measurement  su rface.  

 

Key 

l H ei gh t  o f  i l l u m inan ce  meter  head  and  desktop  l i g h t  spacer 

Figure  T.6  – Side  view of  desktop  l ight  measuring  setup   

Testi ng  shal l  be  done  i n  a  completely dark space,  except  for  i l l umination  provided  by the  DUT.  

IEC  

l 



 – 21 8  – I EC  TS  62257-9-5:201 6    I EC  201 6  

T.4.6.4  Procedure 

The  fo l lowing  steps  shal l  be  fo l l owed .  

a)  Set  the  vo l tage  of  the  power supply such  that  the  vol tage  at  the  product  i s  equal  to  the  
average  operati ng  vo l tage  of  the  battery (Annex M) .  Fol low power supply gu idel i nes  i n  the  
power supply  set  up  procedure  (Annex H ) .  

b)  I f  at  the  desi red  vo l tage  the  DUT wi l l  not  operate  at  the  desi red  setting ,  i ncrease  the  
power supply  vo l tage  by i ncrements  of  0 , 05  V un ti l  the  DUT i s  able  to  operate  at  the  
desi red  setting ,  then  attempt  to  reduce  the  vol tage  to  the  desi red  l evel  (Annex M) .  

c)  Operate  the  DUT at  l east  for  20  m in  at  the  desi red  setting  before  the  fi rst  measurement  i s  
taken .  

d )  P lace  the  DUT on  the  su rface  us ing  a  spacer to  compensate  for the  heigh t  o f  the  
i l l um inance  meter  head .  The  heigh t  o f  the  spacer shal l  be  equal  to  the  heigh t  of  the  
measurement  p lane  of  the  i l l um inance  meter  (see  Figu re  T.6) .  The  lamp shal l  be  ori en ted  
i n  the  manner that  i t  wou ld  be  used  by the  consumer,  to  the  best  of  the  tester’s  abi l i ty,  
us ing  the  provided  stand  or  moun ting  mechan ism,  i f  any.  The  lamp shal l  be  l ocated  at  the  
posi ti on  that  the  tester estimates  wi l l  maximize  the  usable  area that  fal l s  on  the  g rid  (as  
defined  i n  T. 4. 4.6  step  b) ) .  

e)  Measure  the  i l l um inance  at  1 21  even ly  spaced  po in ts,  1 0  cm  apart,  on  a  1  m  ×  1  m  
horizon tal  g ri d  su rface.  Measure  i l l um inance  levels  for  the  g rid  poin ts  that  read  an  
i l l um inance  value  g reater than  the  resolu tion  of  the  i l l um inance  meter and  g reater than  
0 , 2  % of  the  maximum  i l l um inance  read ing .  

T.4.6.5  Calcu lations 

The  calcu lations  for  the  i l l um inance  on  a  desktop  method  are  i den tical  to  the  calcu lations  for  
the  i l l um inance  on  a plane  method  ( refer to  T. 4.4.6) .  Om i t  s teps  f)  th rough  h ) .  (Do  not  
calcu late  FWHM  ang les  or  generate  polar p lots. )   

T.5  Reporting  

Report  the  fo l l owing  i n  the  l i gh t  d i stri bu tion  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu factu rer;  

– DUT name;  

– DUT model  number;  

– DUT setti ng ;  

– test  room  temperatu re  (°C) ;  

– name of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– d ri ve  curren t  (A) ;  

– d ri ve  vo l tage  at  product  (V) ;  

– wai ti ng  t ime  (m in ) ;  

– verti cal  FWHM ang le  (° ) ;  

– horizon tal  FWHM  ang le  (° ) ;  

– average  usable  area th rough  L70  (m2 ) ;  



I EC  TS  62257-9-5:201 6    I EC  201 6  – 21 9  – 

– work su rface  i l l um inance  ( l ux) .  

•  Average  of  n  sample  resu l ts  for  each  DUT aspect  tested .  

•  Coefficien t  of  variation  of  n  sample  resu l ts  for  each  DUT aspect  tested  (%) .  

•  Comments:  

– i nd ividual  comments,  as  necessary,  for samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  col lecti ve  set  o f  samples  1  th rough  n.  

•  Tables:  

– table  of  i l l um inance  values  on  the  bri gh test  " face"  of  the  1  m 2  g rid  (see  Table  T. 3  for 
an  example) .  

•  F i gures:  

– p lot  of  i l l um inated  area as  a  function  of  m in imum  i l l uminance  (see  Figu re  T. 7  for  an  
example) ;  

– su rface  plots  and/or po lar plots  (see  Figu re  T.8  and  Figu re  T. 9  for  examples) .  

Table  T.3  – Table  of  example  i l luminance measurements  on  the  brightest  "face"  
of  the  1  m2  g rid  and  usable  area  as  a  function  of  min imum i l luminance 

I l l uminance  measurements  
l x  

 Min imum  
i l l uminance 

l x  

Usable  
area  
m 2  

1 3 , 6  1 7 , 3  21 , 0  24, 5  26, 6  27, 8  26, 6  22 , 7  1 9 , 7  1 6 , 5  1 3 , 5   1 0  1 , 21  

1 6 , 9  22, 1  28 , 0  33 , 5  38 , 5  41 , 1  38 , 1  33 , 2  27, 7  21 , 5  1 6 , 6   20  1 , 06  

20 , 6  27, 1  35 , 8  44, 4  52 , 7  54, 7  51 , 6  43 , 0  34, 7  26, 9  20 , 0   30  0 , 69  

24, 1  32 , 4  44, 3  57, 4  69 , 3  74, 3  68, 4  55 , 9  42 , 5  32 , 0  23 , 3   40  0 , 46  

26, 4  36 , 8  52 , 1  66 , 9  82 , 7  88, 7  81 , 9  66 , 1  49 , 1  35 , 4  25 , 1   50  0 , 34  

27, 4  38 , 2  54, 5  71 , 1  88 , 1  95 , 0  87, 0  69 , 5  52 , 1  36 , 9  26 , 2   60  0 , 21  

27, 0  36 , 7  51 , 2  66 , 7  81 , 8  87, 4  80 , 8  64, 9  49 , 4  34, 9  24, 3   70  0 , 1 2  

24, 0  32 , 2  43 , 4  56 , 5  66, 7  70 , 5  66, 2  55 , 4  41 , 6  30 , 0  22 , 0   80  0 , 09  

20 , 8  26 , 8  35 , 7  43 , 7  49 , 6  52 , 2  50 , 3  41 , 6  32 , 7  25, 1  1 8 , 4   90  0 , 01  

1 7, 3  21 , 9  27, 6  32 , 6  36 , 9  38 , 1  35 , 9  31 , 4  25 , 6  20 , 2  1 5 , 4   1 00  0 , 00  

1 3 , 8  1 7 , 0  20 , 3  23 , 3  25 , 6  26 , 1  25 , 4  22 , 6  1 8 , 9  1 5 , 2  1 2 , 3     
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X M i n imum  i l l um inance  ( l x)  

Y U sabl e  area (m 2 )  

Figure  T.7  – Example  plot  of  usable area  as  a  function  of  min imum  i l luminance 
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X H ori zon tal  pos i t i on  (cm )  

Y Verti cal  pos i t i on  (cm )  

Z I l l u m i nance  ( l x)  

Figure  T.8  – Example  of  resu l ting  surface plot  of  l igh t  d istribution  from  the  brightest  
"face"  of  the  mu l ti -plane method  or  i l l uminance on  a  plane method  
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X I l l um i nance  ( l x)  

Figure  T.9  – Example  of  resu l ting  polar  plot  of  i l luminance 
from  the  mul ti -plane or  turntable  method  
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Annex U  
(normative)  

 
Physical  and  water ingress protection  test  

 

U.1  Background  

I ng ress  protection  ( IP)  testi ng  determ ines  the  degrees  of  protection  provided  by the  
enclosures  of  a  DUT’s  componen ts.  The  IP  rati ng  uses  two  numerals  to  defi ne  the  degrees  of  
protection .  The  fi rst  numeral  i den ti f ies  the  degree  the  DUT has  protection  against  so l id  fore ign  
objects.  The  second  numeral  i den ti fi es  the  degree  the  DUT has  protection  against  i ng ress  of  
water  wi th  harmfu l  effects.   

Th is  test  appl ies  to  any components  of  the  DUT that  con tain  e lectron ics  or e lectri cal  
connections,  i nclud ing  the  primary componen ts  of  the  DUT,  the  PV modu le,  and  any 
appl iances  i ncluded  wi th  the  DUT.  Note  that  the  test  requ i rements  for components  may be  
speci fied  based  on  the  componen t category ( fi xed  ou tdoor,  portable  i n tegrated ,  portable  
separate,  f i xed  i ndoor or  PV modu le)  as  described  i n  4. 1 . 2 .  I f  more  than  one  i den ti cal  
component  or appl iance  i s  i ncluded  wi th  the  DUT ki t,  on l y  one  of  each  set  o f  i den ti cal  
appl iances  shou ld  be  tested .  

U.2  Test  outcomes 

The  water exposure  and  physical  i ng ress  protection  test  ou tcomes  are  l i sted  i n  Table  U . 1 .  

Table  U .1  – Water exposure  and  physical  ingress protection  test  outcomes 

Metric  Reporti ng  un i ts  Related  aspects  Notes  

I P2x Pass/fai l  4. 2 . 3 . 5  Physi cal  
i n g ress  pro tecti on  

1 2 , 5  mm  d i ameter  probe  

I P3x Pass/fai l  4. 2 . 3 . 5  Physi cal  
i n g ress  pro tecti on  

4 . 2 . 3 . 6  Physi cal  
i n g ress  protect i on  – 
so l ar  m odu l e  

2 , 5  mm  d i ameter  probe  

I P5x Pass/fai l  4. 2 . 3 . 5  Physi cal  
i n g ress  pro tecti on  

4 . 2 . 3 . 6  Physi cal  
i n g ress  protect i on  – 
so l ar  m odu l e  

No  i ng ress  o f  dust  

Shal l  be  tested  by  a  l aboratory  that  has  been  
accred i ted  to  test  accord i n g  to  I EC  60529.  
Laboratori es  shal l  u se  th e  procedu re  i n  
I EC  60529;  no  s impl i f i ed  al ternat i ve  i s  
acceptabl e.  

I Px1  Pass/fai l  4. 2 . 3 . 1  Water  
pro tecti on  – 
encl osu re   

4 . 2 . 3 . 2  Water 
pro tect i on  – c i rcu i t  
protect i on  and  
d rai nag e  

Verti cal l y  d ri ppin g  water  

I Px3  Pass/fai l  4. 2 . 3 . 1  Water  
pro tecti on  – 
encl osu re   

4 . 2 . 3 . 2  Water 
pro tect i on  – c i rcu i t  
protect i on  and  
d rai nag e  

D i rect  sprays  of  water  from  wi th i n  60°  of  verti cal  
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Metric  Reporti ng  un i ts  Related  aspects  Notes  

Mod i f i ed  I Px4  Pass/fai l  4 . 2 . 3 . 4  Water  
protecti on  – so lar  
m odu l e  

Splashes  o f  water  from  any d i recti on  

I Px5  Pass/fai l  4 . 2 . 3 . 1  Water  
protecti on  – 
encl osu re   

4 . 2 . 3 . 2  Water  
pro tecti on  – c i rcu i t  
pro tect i on  and  
d rai nage  

Water  pro jected  i n  j e ts  

Sh al l  be  tested  by  a  l aboratory that  h as  been  
accred i ted  to  test  accord i ng  to  I EC  60529.  
Laboratori es  shal l  u se  the  procedu re  i n  
I EC  60529;  no  s impl i f i ed  al tern ati ve  i s  
acceptabl e.  

 

U.3  Related  tests 

Annex U  i s  re lated  to  the  l evel  o f  water protection  annex (Annex V) .  

U.4 Procedure 

U.4.1  General  

The  IP  class  may be  assessed  e i ther by send ing  samples  of  the  DUT componen t to  a  
l aboratory that  has  been  accred i ted  to  test  accord ing  to  I EC  60529  or  by  estimati ng  the  
IP  class  accord ing  to  the  methods  below,  except that  i n  the  case  of  testi ng  for  I Px5  or  I P5x,  
the  DUT componen t  shal l  be  tested  by a  l aboratory that  has  been  accred i ted  to  test  accord ing  
to  I EC  60529.  When  testing  for  IPx5  or  IP5x,  l aboratories  shal l  use  the  procedure  i n  
I EC  60529;  no  s impl i fi ed  al ternati ve  i s  acceptable.  

U.4.2  IP  testing  at  a  l aboratory that  has  been  accred i ted  to  test  accord ing  to  
IEC 60529    

U .4.2.1  General  

Samples  are  sen t  to  a  l aboratory that  has  been  accred i ted  to  test  accord ing  to  I EC  60529  to  
determine  the  passing  or fai l i ng  for the  desi red  IP  requ i rements.   

U.4.2.2  Gu idance on  working  with  external  IP  testing  laboratory 

Many i n ternational  I P  testi ng  l aboratories  wi l l  requ i re  two  samples  for  testi ng .  These  shou ld  
be  samples  that  have  not  been  al tered  i n  anyway.   

Th is  test  i s  destructi ve.  Do  not  perform  any add i ti onal  tests  on  the  samples  after testing .  

For  water i ng ress  testing ,  speci fy  to  the  l aboratory that  has  been  accred i ted  to  test  accord ing  
to  I EC  60529  how the  DUT componen t shal l  be  ori en ted  du ring  testi ng .  I t  shal l  be  orien ted  i n  
the  way that  the  DUT component  i s  most  l i kely  to  be  used .   

NOTE  Th e  test  u sed  to  assess  so l ar  modu l es  for  i ng ress  o f  water  wi th  harmfu l  e ffects  i s  mod i f i ed  from  the  test  
descri bed  i n  I EC  60529.  The  mod i f i ed  I Px4  assessmen t  for  water  i ng ress  pro tecti on  fo l l ows  the  same  procedu re  to  
test  fo r  I Px4  as  descri bed  i n  I EC  60529  wi th  the  excepti on  of  th e  ang l e  o f  spray.  I n  I EC  60529,  th e  so l ar  modu l e  be  
sprayed  at  an g les  ±1 80°  from  verti cal ,  wh i l e  i n  the  m od i f i ed  method  descri bed  bel ow the  so lar modu le  i s  sprayed  at  
ang l es  ±90°  from  vert i cal .  

U.4.3  Simpl i fied  IP  inspection  for  ingress of  sol id  foreign  objects  

U .4.3.1  General  

The  DUT component  i s  vi sual l y  i nspected  for  protecti on  against  i ng ress  of  so l i d  fore ign  
objects  to  determ ine  the  passing  or  fai l i ng  for  the  desi red  I P  requ i rement.  Th is  method  may 
be  performed  to  estimate  IP  rati ngs  IP2x and  IP3x.  
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U.4.3.2  Equ ipment  requ irements 

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  2 , 5  mm  d iameter ri g id  probe  or  1 2, 5  mm  d iameter ri g i d  probe.  

•  Camera.  

U.4.3.3  Test  prerequ isi tes  

Th is  test  i s  destructi ve.  Do  not  perform  any add i t ional  tests  on  the  sample  after  testing .  The  
sample  tested  shou ld  have  not  been  al tered  i n  anyway.   

U.4.3.4  Apparatus  

No  apparatus  i s  requ i red  for  th is  test.   

U.4.3.5  Procedure 

U .4.3.5.1  Procedure for  testing  DUT component  enclosures 

a)  Before  the  measurement,  be  su re  that  the  DUT componen t  i s  properly  function ing  and  that  
i t  i s  su ffi cien tl y  charged  to  check for  functi onal i ty  du ring  the  test.  

b)  I f  the  DUT componen t requ i res  passing  I P2x,  se lect  the  1 2 , 5  mm  probe.  I f  the  DUT 
componen t  requ i res  passing  IP3x,  se lect  the  2 , 5  mm  probe.   

c)  Explore  the  DUT componen t’s  en ti re  su rface  to  test  for penetration  wi th  the  se lected  probe.  

d )  I f  the  1 2, 5  mm  probe  can  en ter a  part  of  the  DUT componen t’s  enclosure  and  touch  
e lectron ic components,  e lectri cal  connections  or  ci rcu i ts ,  the  DUT componen t  i s  estimated  
to  fai l  the  IP2x assessment  for  i ng ress  of  so l id  foreign  objects.   

e)  I f  the  2 ,5  mm  probe  can  en ter  a  part  of  the  DUT component’s  enclosu re  that  con tains  
e lectron ic  componen ts,  e lectri cal  connections  or ci rcu i ts ,  the  DUT componen t  i s  estimated  
to  fai l  the  IP3x assessment.   

f)  I f  the  probe  can  en ter an  external  jack,  th is  i s  not  considered  a  fai l u re,  un less  i t  can  en ter 
the  DUT’s  enclosure  th rough  the  external  j ack.  Document  any fai l u res  wi th  photographs  
and  text.   

U.4.3.5.2  Procedure  for  testing  a  product’s  external  solar  modu le  (i f  appl icable)  

PV modu les  that  have  been  tested  accord ing  to  and  meet  al l  requ i rements  of  the  I EC  61 21 5  
series  need  not  be  tested  usi ng  th i s  procedure.  Test  resu l ts  provided  by the  manu factu rer of  
the  DUT may be  accepted  i f  the  tests  were  performed  at  a  l aboratory accred i ted  to  perform  
the  tests  by a  recogn ized  accred i t ing  body.  

a)  Before  the  measurement,  be  su re  that  the  solar modu le  i s  properly  function ing  and  that  
the  enclosure  and/or j unction  box has  never been  opened  previously.  

b)  To  estimate  I P3x,  se lect  the  2 ,5  mm  probe.   

c)  Explore  the  so lar  modu le ’s  en ti re  su rface  to  test  for  penetration  wi th  the  se lected  probe.  

d )  I f  the  probe  can  en ter  a  part  o f  the  so lar modu le ’s  enclosu re  that  con tains  e lectron ic  
componen ts,  e lectrical  connections  or  ci rcu i ts ,  the  so lar modu le  i s  estimated  to  fai l  the  
IP3x assessment  for  i ng ress  of  sol id  foreign  objects.  I f  the  probe  can  en ter an  external  
j ack,  th i s  i s  not  considered  a  fai lu re,  un less  i t  can  en ter the  so lar modu le’s  enclosu re  
th rough  the  external  j ack.  Document  any fai l u res  wi th  photographs  and  text.  

NOTE  S i nce  the  so l ar  modu le  j u ncti on  box  i s  not  opened  un ti l  th e  enclosu re  i n specti on  s teps  bel ow,  i t  i s  n ot  
always  poss i ble  to  determ ine  whether  th e  DU T passes  or  fai l s  th i s  test  un t i l  after  the  en cl osu re  i n specti on  s teps  
are  perform ed .  

Enclosure  i nspection :  Open  the  j uncti on  box or  PV enclosure  of  the  so lar modu le  to  
determ ine  i f  a  ci rcu i t  board  or  o ther sensi ti ve  e lectron ics  are  present.  (Th is  can  be  
destructi ve. )  I f  no  ci rcu i t  boards  or  sensi ti ve  e lectron ics  are  presen t  or  i f  the  j unction  box 
or  PV enclosu re  i s  completely  potted  wi th  s i l i cone  or  s im i lar  sealan t,  the  solar  modu le  i s  
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estimated  to  pass  for  protection  from  water i ng ress  and  the  tester does  not  need  to  assess  
the  so lar modu le  for  water i ng ress.  S imple  screw term inals  or  a  s i ng le  d iode,  not  so ldered  
to  a  ci rcu i t  board ,  need  not  be  considered  "sensi ti ve  e lectron ic  componen ts" .  Any prin ted  
ci rcu i t  board  shal l  be  considered  "sensi ti ve" .   

e )  I f  a  ci rcu i t  board  or  o ther sensi ti ve  e lectron ic componen ts  are  presen t  wi th in  the  j uncti on  
box or PV enclosure,  the  water i ng ress  test  shou ld  be  conducted  on  a  new solar  modu le  
sample  that  has  not  been  opened .   

U.4.3.6  Calcu lations   

No calcu lations  are  made  for  the  i ng ress  of  so l i d  fore ign  objects  I P  test  performed  th rough  
vi sual  i nspection .   

U.4.4  Simpl i fied  IP  prel iminary inspection  for  ingress  of  water wi th  harmful  effects  

U .4.4.1  General  

The  DUT componen t  i s  vi sual l y  i nspected  for  protection  against  i ng ress  of  water wi th  harmfu l  
effects  to  determ ine  i f  i t  i s  l i kely to  pass  or  fai l  wi th  respect  to  the  desi red  IP  requ i rement.  
Th is  method  may be  performed  to  estimate  IP  ratings  IPx1 ,  I Px3  and  a  mod i fied  IPx4.  

NOTE  Th e  test  u sed  to  assess  so l ar  modu l es  for  i n g ress  o f  water  wi th  harmfu l  e ffects  i s  mod i f i ed  from  the  test  
described  i n  I EC  60529.  Th e  m od i f i ed  I Px4  assessmen t  for  water  i ng ress  protecti on  fo l l ows  the  same  procedu re  to  
test  for  I Px4  as  descri bed  i n  I EC  60529  wi th  the  excepti on  of  the  an g le  of  spray.  I n  I EC  60529,  the  DUT be  sprayed  
at  ang l es  ±1 80°  from  verti cal ,  wh i l e  i n  the  mod i fi ed  method  descri bed  be low the  DUT i s  sprayed  at  ang l es  ±90°  
from  vert i cal .  

U.4.4.2  Equ ipment  requ irements  

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Con tro l led  water  source.  

•  Camera.  

U.4.4.3  Test  prerequisi tes 

Th is  test  i s  destructive.  Do  not  perform  any add i ti onal  tests  on  the  sample  after  testi ng .  The  
sample  tested  shou ld  have  not  been  al tered  i n  anyway.   

U.4.4.4  Apparatus 

No  apparatus  i s  requ i red  for  th i s  test.   

U.4.4.5  Procedure 

U .4.4.5.1  Procedure  for  testing  DUT component  enclosures 

a)  Before  the  measurement,  be  su re  that  the  DUT component  i s  properly  functi on ing  and  that  
i t  i s  su ffi cien tl y  charged  to  check for  functional i ty  during  the  test.  

b)  The  DUT componen t  shou ld  be  orien ted  i n  the  way that  i t  i s  most  l i kely  to  be  used.  
Reference  the  product’s  packag ing ,  user’s  manual ,  and/or websi te  to  determ ine  the  
orien tation  i n  wh ich  the  DUT componen t  i s  most  l i kely  to  be  used .  Record  the  se lected  
orien tation .  

c)  I f  the  DUT componen t requ i res  passing  IPx1 ,  spri nkle  water from  the  con tro l led  water 
source  over the  DUT component so  that  the  water  drops  are  verti cal  to  the  DUT 
componen t.  The  water f low rate  shou ld  be  close  to  1  mm/min .  Let  the  water drip  over the  
DUT componen t  for  1 0  m in  wh i le  rotati ng  the  DUT componen t  at  approximately  1  rpm  
abou t  i ts  verti cal  axis .  The  d istance  between  the  water source  and  DUT component shou ld  
be  approximately  0 , 2  m .  

d )  I f  the  DUT componen t requ i res  passing  IPx3,  spray water from  the  con trol l ed  water  source  
over the  DUT component  i n  al l  practi cal  d i rections  at  an  ang le  l ess  than  or  equal  to  60°  
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from  verti cal .  The  water f l ow rate  shou ld  be  close  to  1 0  l /m in .  Spray the  water over the  
DUT component  for  approximately  1  m in  per  square  metre  of  enclosure  su rface  area for  a  
m in imum  of  5  m in .  The  d istance  between  the  water sou rce  and  the  DUT shou ld  be  
between  0 ,3  m  and  0 ,5  m .  

e)  After sprinkl i ng  or  spraying  water  over the  DUT componen t,  d ry the  enclosure’s  exterior  
wi th  a  towel  wi thou t  moving  the  DUT componen t  from  i ts  orien tation  du ri ng  testing .  

f)  Enclosure  i nspection :  Wh i le  keeping  the  product  i n  the  same  ori en tation  from  testing ,  open  
the  enclosu re  wi th  the  proper screwdriver(s)  or other devices.  I f  any water i s  found  wi th in  
any compartment  hold ing  e lectron ic  componen ts  i nside  the  enclosure,  the  DUT componen t  
does  not  pass  the  requ i red  IP  class  for  i ng ress  of  water wi th  harmfu l  effects.  Document 
wi th  photographs  and  text.   

U.4.4.5.2  Procedure for  testing  a  product’s  external  solar  modu le  ( i f  appl icable)  

PV modu les  that  have  been  tested  accord ing  to  and  meet  al l  requ i rements  of  I EC  61 21 5  (al l  
parts) ,  wh ichever part  i s  appl i cable,  need  not  be  tested  us ing  th is  procedure.  Test  resu l ts  
provided  by the  manu factu rer of  the  DUT may be  accepted  i f  the  tests  were  performed  at  a  
l aboratory accred i ted  to  perform  the  tests  by a  recogn ized  accred i ti ng  body.  

a)  Be  su re  that  before  the  measurement,  the  j unction  box of  another sample’s  external  so lar 
modu le  has  al ready been  opened  to  determ ine  i f  a  ci rcu i t  board  or other sensi t i ve  
e lectron ics  are  presen t.  (Th is  can  be  destructi ve. )  I f  no  ci rcu i t  boards  or  sensi ti ve  
e lectron ics  are  presen t  or i f  the  j unction  box i s  completely  potted  wi th  s i l i cone  or  s im i lar  
sealan t,  the  so lar  modu le  passes  for  protection  from  water i ng ress  wi th  harmfu l  effects  
and  the  tester does  not  need  to  assess  the  solar  modu le  for  water i ng ress.  

b)  Before  the  measurement,  be  su re  that  the  solar modu le  i s  properly  functi on ing  and  that  
the  enclosure  and/or j unction  box has  never been  opened  previously.  

c)  P lace  the  solar  modu le  wi th  the  acti ve  PV area facing  up  on  a  smooth ,  so l i d ,  fl at  su rface  
that  i s  t i l ted  at  a  1 0°  ang le  from  the  hori zon tal  (Fi gu re  U . 1 ) .  The  DUT shou ld  be  placed  i n  
the  least  favourable  orien tation  on  the  su rface.  The  placement  i s  i n tended  to  resemble  
common  rooftop i nstal lati ons  and  al l ow for the  possibi l i ty  that  water wou ld  run  beh ind  the  
modu le.  Th is  wi l l  typical l y  be  accompl i shed  by al l owing  the  PV cord  to  rest  under the  
frame  as  cou ld  occur  when  i nstal l ed .   

NOTE  1  The  l east  favou rable  ori en tati on  i s  typi cal l y  th e  one  i n  wh i ch  the  cabl e  exi ts  the  j uncti on  box  on  th e  
ups l ope  s i de.  

 

Key 

1  So l ar modu l e  cabl e  

2  So l ar modu l e  

3  F l at  su rface  

θ  1 0 °  i n cl i ne  

Figure  U .1  – Side  view of  the  apparatus  for  testing  a  DUT’s  external  
solar  modu le  for  protection  against  water ingress 

d)  Spray water from  the  con tro l led  water source  over the  so lar modu le  i n  al l  practi cal  
d i recti ons  (at  ang les  up  to  90°  from  vertical ) .  The  water f l ow rate  shou ld  be  close  to  
1 0  l /m in .  Spray the  water  over  the  solar modu le  for  approximately  1  m in  per square  metre  
of  enclosure  surface  area for  a  m in imum  of  5  m in .  The  d i stance  between  the  water source  
and  the  so lar modu le  shou ld  be  between  0 , 3  m  and  0 , 5  m .  

IEC  
θ  
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e)  After  spraying  water over the  so lar modu le,  dry the  solar modu le’s  exterior  on  al l  s ides  
wi th  a  towel  wi thou t  t i l t i ng  the  so lar modu le.  

f)  Open  the  j uncti on  box or  the  so lar modu le ’s  enclosure  protecti ng  i ts  e lectron ic  
componen ts  wi th  the  proper screwdriver(s)  or  o ther devices.  (Th is  can  be  destructi ve. )  

NOTE  2  Some  extern al  so l ar  modu les  do  not  have  a  typ i cal  j u ncti on  box,  bu t  rath er  i ts  connect i ons  are  wi th i n  an  
encl osu re  around  the  modu l e  i tse l f .  

g )  After open ing  the  so lar modu le’s  j unction  box or  enclosure,  note  i f  there  are  any unsealed  
penetrations  around  the  so lar modu le ’s  frame  th rough  wh ich  water reaches  the  acti ve  
material  of  the  solar  modu le.  

h )  I f  no  water i s  found  i nside  the  j unction  box,  enclosures  or  any unsealed  penetrations,  the  
DUT’s  so lar modu le  i s  estimated  to  pass  for  mod i fied  I Px4 protection  from  water i ng ress  
wi th  harmfu l  effects.  

i )  I f  any water i s  found  on  e lectron ic  componen ts  i ns ide  the  j unction  box,  enclosures  or  any 
unsealed  penetrations,  document  wi th  photographs  and  text.  For the  DUT to  pass,  
e lectron ic  componen ts  and  the  acti ve  material  o f  the  PV modu le  shal l  be  adequately 
protected  accord ing  to  the  techn ical  aspects  ou tl i ned  i n  Annex V.  Adequate  protection  i s  
evaluated  by an  organ ization  wi th  experti se  i n  product  design ,  fai l u re  analysis ,  energy 
systems,  and  general  eng ineering  practices.  Th is  requ i rement  cannot  be  met  th rough  
label l i ng  or  consumer- facing  documentati on .  

U.4.4.6  Calcu lations  

No  calcu lations  are  made  for  the  i ngress  of  water wi th  harmfu l  effects  I P  test  performed  
th rough  visual  i nspection .  

U.5  Reporting  

Report  the  fo l lowing  i n  the  water exposure  and  physical  i ng ress  protection  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu facturer;  

– DUT name;  

– DUT model  number;  

– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval ;  

– componen t  name.  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– I P  rating  for  the  i ng ress  of  so l i d  fore ign  objects;  

– I P  rating  for  the  i ng ress  of  water wi th  harmfu l  effects;  

– pass/fai l  for  the  IP  rati ng  for  the  i ng ress  of  so l i d  fore ign  objects,  i f  appl icable;  

– pass/fai l  for  the  IP  rati ng  for  the  i ng ress  of  water wi th  harmfu l  effects,  i f  appl icable .  

•  Comments:  

– i nd ividual  comments,  as  necessary,  for samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  o f  samples  1  th rough  n.  

•  F i gures:  

– photographs  to  evidence  the  i ng ress  of  so l i d  fore ign  objects  or  water,  as  necessary.  



I EC  TS  62257-9-5:201 6    I EC  201 6  – 229  – 

Annex V 
(normative)  

 
Level  of  water protection  

 

V.1  Background  

The  enclosure  of  a  so lar l i gh ting  product  can  preven t  water and  sol i d  fore ign  particles  from  
coming  i n  con tact  wi th  i n ternal  e lectron ic  ci rcu i ts ,  componen ts,  wi res,  and  battery componen ts  
(e lectron ic  componen ts) .  The  degree  of  protection  provided  by the  enclosure  i s  determ ined  
th rough  i ng ress  protection  ( IP)  as  ou tl i ned  i n  Annex U .  I P  testing  does  not,  however,  assess  
the  actual  or poten tial  damage  caused  to  e lectron ic  components  by water exposure.   

Al ternate  means  of  protection  exist  for  e lectron ic  componen ts  exposed  to  water.  These  
al ternate  means  can  al l ow manu factu res  to  reduce  the  cost  o f  the i r  product(s)  to  the  
consumer,  thereby i ncreasing  consumer access  to  modern  l i gh ti ng  technology.  Annex V 
ou tl i nes  procedures  for  assessing  overal l  water exposure  protection  based  on  IP  test  resu l ts  
combined  wi th  al ternate  protection  means.  

Annex V does  not  attempt  to  characterize  the  damage  caused  by water exposure  to  sensi ti ve  
e lectron ic  componen ts.  Rather,  Annex V provides  a  framework to  assess  the  l i ke l i hood,  
du ring  the  service  l i fe  of  a  product,  that  unprotected  i n ternal  e lectron ic  componen ts  wi l l  be  
exposed  to  water  that  cou ld  negati vely  affect  product  operati on .  

V.2  Test  outcomes 

The  procedures  i n  Annex V may be  used  to  establ i sh  a  DUT’s  water exposure  protection  l evel .  
The  fou r l evels  are:  

a)  No  protection  – The  product  has  no  water  protecti on  and  cou ld  be  damaged  by any water 
exposure.  

b)  Occasional  rain  – The  product  can  be  exposed  to  occasional  l i gh t  rai n  wi thou t  damage.   

c)  Frequen t  rain  – The  product  can  be  exposed  to  frequent  rain  wi thou t  damage.   

d )  Permanent  rooftop  i nstal lation  for PV modu les  – when  i nstal led  on  a  roof,  the  product’s  
so lar  modu le  can  be  exposed  to  frequen t  heavy rai n  wi thou t  damage.  

e)  Permanent  ou tdoor exposure  – The  product  can  be  exposed  to  frequen t  heavy rain  
wi thou t  damage.  

The  water  exposure  and  physical  i ng ress  protection  test  ou tcomes  are  l i sted  i n  Table  V. 1 .  
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Table  V.1  – Water exposure  and  physical  ingress protection  test  outcomes 

Metric  Reporting  un i ts  Related  aspects  Notes  

Overal l  l evel  
o f  water  
protect i on  

Qual i tati ve  ( from  
l i s t  above)  

4 . 2 . 3 . 1  Water pro tect i on  – 
encl osu re   

4 . 2 . 3 . 2  Water pro tect i on  – 
c i rcu i t  protecti on  an d  
d rai nag e  

4 . 2 . 1 1 . 1  Product  an d  
manu factu rer  i n formati on  

4 . 2 . 2 . 7  Packag in g  an d  u ser’ s  
manu al  i n formati on  

Th i s  i s  the  l evel  o f  water  protecti on  that  i s  
ach i eved  when  cons i deri n g  user  
i ns tructi ons  and  l abel s  i n  add i t i on  to  th e  
techn i cal  e l emen ts  o f  the  product.  

Techn i cal  
l evel  o f  water  
protect i on  

Qual i tati ve  ( from  
l i s t  above)  

4 . 2 . 3 . 1  Water pro tect i on  – 
encl osu re   

4 . 2 . 3 . 2  Water pro tect i on  – 
c i rcu i t  protecti on  an d  
d rai nag e  

4 . 2 . 3 . 4  Water pro tect i on  – 
so l ar  modu l e  

4 . 2 . 1 1 . 1  Product  an d  
manu factu rer  i n formati on  

Th i s  i s  th e  l evel  o f  water  pro tecti on  
provi ded  by  on l y  the  techn i cal  e l emen ts  o f  
th e  produ ct  – the  enclosu re,  c i rcu i ts ,  an d  
o th er  phys i cal  aspects .  

Encl osu re-
on l y l evel  o f  
water  
protect i on  

Qual i tati ve  ( from  
l i s t  above)  

4 . 2 . 3 . 1  Water pro tect i on  – 
encl osu re   

4 . 2 . 3 . 4  Water pro tect i on  – 
so l ar  modu l e  

Th i s  on l y  refers  to  the  I P  rati ng  o f  th e  
encl osu re.  

 

V.3  Related  tests 

Annex V i s  re lated  to  the  water exposure  and  physical  i ng ress  protection  test  (Annex U )  and  
vi sual  screen ing  (Annex F) .  

V.4 Laboratory requ i rements 

The  assessments  i n  Annex V are  typical l y  done  by an  organ ization  wi th  broad  experience  i n  
the  off-g rid  l i gh ti ng  sector,  i nclud ing  techn ical  and  f i e ld  experience.   

Assessments  regard ing  the  techn ical  l evel  o f  water protection  shou ld  be  completed  by an  
organ izati on  wi th  experti se  i n  product  design ,  fai lu re  analysis ,  energy systems,  and  general  
eng ineering  practices.  

Assessments  of  the  overal l  l evel  o f  water protection  ( i ncorporati ng  consumer l abel l i ng  
i n formation )  shou ld  be  completed  by a  commi ttee  wi th  experti se  i n  commun icati on  and  end  
user behaviour i n  the  off-g ri d  l i gh ti ng  market.  

V.5  Procedure 

V.5.1  General  

The  fol lowing  procedures  establ i sh  a product’s  l evel  o f  water  protection .  Al l  o f  the  procedures  
i n  Annex V requ i re  an  IP  test  resu l t  as  speci fied  i n  Annex U .  Add i ti onal  factors,  such  as  
product  label l i ng  or speci fi c  product  design  featu res,  may also  be  considered  when  
determ in ing  the  l evel  o f  water  protection .  



I EC  TS  62257-9-5:201 6    I EC  201 6  – 231  – 

V.5.2  Level  of  water protection  for  enclosure  on ly 

Th is  procedure  uses  a product’s  I P  rating ,  and  on ly i ts  I P  rati ng ,  to  determ ine  the  l evel  o f  
water  protection .  No  other  tests  are  requ i red .  The  level  o f  water  protection  by IP  rati ng  i s  
determ ined  accord ing  to  Table  V.2.  

Table  V.2  – Enclosure-on ly level  of  water protection  requirements  

Enclosure  l evel  of  water  protection  IP  rati ng  requ i rement  

N o  protecti on  I Px0  

Occasi onal  rai n  I Px1  

Frequen t  rai n  I Px3  

Permanen t  rooftop  i ns tal l ati on  for  PV modu les  Mod i f i ed  I Px4  

Permanen t  ou tdoor  exposu re   I Px5  

N OTE  The  mod i f i ed  I Px4  assessmen t  for  water  i n g ress  protecti on  fo l l ows  th e  
same  procedu re  to  test  for  I Px4  as  descri bed  i n  I EC  60529  wi th  the  except i on  o f  
the  ang le  o f  spray.  I EC  60529  requ i res  that  the  DUT be  sprayed  at  ang les  ±1 80°  
from  vert i cal ,  wh i l e  the  mod i f i ed  method  descri bed  be l ow requ i res  th at  the  DUT be  
sprayed  at  ang les  ±90°  from  vert i cal .  

 

V.5.3  Level  of  water protection  from  technical  aspects   

V.5.3. 1  General  

Th is  procedure  describes  an  assessment  of  the  techn ical  aspects  of  a  product  to  establ i sh  the  
l evel  of  water protecti on  that  i s  ach ieved  by a  product  from  an  eng ineering  design  standpoin t.  
The  aspects  i ncluded  i n  th is  hol i sti c  assessment  are:  

•  the  enclosure,  

•  c i rcu i t  design  and  protecti on ,  

•  i n ternal  d rain ing ,  

•  manu facturing  processes,  and  

•  o ther  i nnovati ve  approaches.  

The  overal l  product  design  shal l  be  assessed  on  a  case-by-case  basis  to  determ ine  the  
techn ical  l evel  o f  water  protection .  The  assessment  i ncludes  i n formation  from  lab  tests,  f i e ld  
experience,  and  statements  suppl ied  by the  manufacturer.  

Products  may be  considered  to  have  a techn ical  l evel  o f  water  protecti on  accord ing   
to  Table  V. 3.  

Table  V.3  – Technical  level  of  water  protection  requ irements 

Techn ical  l evel  of  water  
protection  

Requ i rement  

No  protecti on  N /A 

Occasi onal  rai n  Assessmen t  i nd i cates  the  encl osu re  and  o ther 
techn i cal  aspects  wi l l  protect  from  occasi onal  rai n ,  
equ i val en t  to  I Px1  protecti on .  

Frequen t  rai n  Assessmen t  i nd i cates  the  encl osu re  and  o ther 
techn i cal  aspects  wi l l  pro tect  from  frequen t  rai n ,  
equ i val en t  to  I Px3  protecti on .  

Perman en t  rooftop  
i ns tal l ati on  for  PV modu l es  

Assessm en t  i nd i cates  the  encl osu re  and  o ther  
techn i cal  aspects  wi l l  protect  from  perman en t  
ou tdoor  exposure  i n  the  con text  o f  a  rooftop  
i ns tal l at i on ,  equ i valen t  to  a  mod i fi ed  I Px4  
protect i on .  
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Techn ical  l evel  of  water  
protection  

Requ i rement  

Perman en t  ou tdoor  
exposu re  

Assessm en t  i nd i cates  the  encl osu re  and  o ther  
techn i cal  aspects  wi l l  protect  from  perman en t  
ou tdoor  exposure,  typi cal l y  requ i ri ng  an  encl osu re  
wi th  at  l east  I Px3  protecti on  an d  add i t i on al  c i rcu i t  
protect i on .   

 

V.5.3.2  Gathering  product  design  information  from  lab  testing  

Resu l ts  and  observations  from  the  fo l l owing  tests  are  re levan t  for  th i s  assessment:  

•  Annex U  (physical  and  water i ng ress  protection  test) ;  

•  Annex F  (visual  screen ing ) .  

V.5.3.3  Gathering  field  and  experiential  in formation  

I n formation  from  fi e ld  trials  and  using  samples  of  the  product  i n  a  variety  of  envi ronmental  
cond i ti ons  may supplement  other  i n formation  and  provide  un ique,  targeted  i ns igh ts.  

V.5.3.4  Gathering  product  design  in formation  from  the  manufacturer 

V.5.3.4.1  General  

The  manu factu rer  i s  responsible  for  provid i ng  i n formation  abou t  product  design  and  
manu facturing  that  i s  part  o f  a  water protection  strategy.   

Ask the  manu factu rer  to  provide  product  design  data and  explanations  j usti fying  a techn ical  
l evel  o f  water  protection .  Th is  data shou ld  i nclude  the  fo l l owing .  

a)  Wri tten  descriptions  of  the  product  design  e lements  and  materials  that  wi l l  protect  the  
ci rcu i t  componen ts  from  water  exposure  damage.  

b)  Photographs  or  video  cl ips  showing  the  re levan t  design  featu res.  

c)  Speci fi cation  sheets  for  materials  used  for  protection .  

d )  Wri tten  descriptions  of  protecti on  for  each  ci rcu i t  component  i n  V.5. 3 . 4. 2.  

e)  Wri tten  descriptions  of  re levan t  manu factu ring  processes  employed  for ci rcu i t  component  
protection .  

f)  Wri tten  descriptions  of  qual i ty  con trol  processes  relevant  to  ci rcu i t  componen t  protection .  

g )  Descripti ons  of  tests  performed  by the  manu factu rer to  demonstrate  protection  of  ci rcu i t  
componen ts  from  damage  caused  by water  exposure.  

V.5.3.4.2  Ci rcu i t  design  information  

The  relevan t  ci rcu i t  componen ts  to  provide  i n formation  abou t  i nclude:  

a)  pri n ted  ci rcu i t  boards,  

b)  componen t  so lder jo in ts,  

c)  wi re  to  board  solder jo in ts ,  

d )  wi re  to  board  connectors,  

e)  wi re  to  battery term inal  so lder  j o i n ts ,  

f)  wi re  to  battery term inal  connectors,  

g )  LED  componen ts,  and  

h )  swi tch  componen ts.  
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V.5.3.4.3  Manufacturing  qual i ty control  in formation  

The  manu facturer  shou ld  describe  qual i ty  con trol  processes  that  are  i n  p lace  to  ensure  
consisten t  appl ication  of  coatings,  use  of  gaskets,  etc.  

V.5.3.4.4  Water  resistant  coatings  

Polymer coatings  on  prin ted  ci rcu i t  boards,  wi re  so lder  j o i n ts,  connectors,  and  e lectron ic  
componen ts  have  been  shown  to  reduce  or  e l im inate  the  negati ve  effects  of  water  exposure  
to  l i ve  e lectron ic ci rcu i t  e lements.  I n  order to  be  effecti ve,  these  coatings  shal l  be  properly  
appl ied  to  clean  substrates  i n  a  qual i ty  con tro l led  manu factu ring  process.  

V.5.3.4.5  Novel  design  approaches 

Other means  are  avai lable  to  protect  e lectron ic  componen ts  from  water exposure  damage.  
For  example,  the  product  cou ld  be  designed  to  al l ow water to  d rain  from  the  case  and  not  
co l lect  on  ci rcu i t  componen ts.  These  novel  approaches  shal l  be  ou tl i ned  and  explained  by the  
manu factu rer wi th  supporti ng  documentation  j usti fying  a  l evel  o f  water protecti on  as  ou tl i ned  
i n  Table  V.3 .   

V.5.3.5  Assessment  of  technical  l evel  of  water protection   

The  fi nal  assessment of  the  techn ical  l evel  o f  water  protection  shou ld  i nclude  i n formation  from  
each  of  the  sources  l i s ted  above.   

The  assessment  detai l s  shou ld  i nclude  an  evaluati on  of  protecti on  for  cri t i cal  componen ts  on  
a  pi ece  by piece  basis .  Reference  shou ld  be  provided  where  appropriate  to  the  manu factu rer  
suppl ied  data.  See  Table  V.4  for an  example  product  where  the  manu factu rer i s  us ing  
con formal  coati ngs  and  s i l i cone  sealan ts  to  protect  i n ternal  ci rcu i t  componen ts:  

Table  V.4  – Example  detai led  assessment  supporting  technical  level  of  water protection  

Circu i t  component  Method  of  
protection  

Manufacturer  
reference  material  

Notes  

Pri n ted  ci rcu i t  boards  Con formal  coati ng  Pcb_coati ng 1 . j pg   

Componen t  so l der  j o i n ts  Con formal  coati ng  Pcb_coati ng 2. j pg   

Wi re  to  board  so l der j o i n ts  Non e   Wi re  to  board  so l der  j o i n ts  are  
not  seal ed  or  encapsu lated  

Wi re  to  board  conn ectors  N/A   N on e  used  

Wi re  to  wi re  connectors  N/A   N on e  used  

Wi re  to  battery  term in al  
so l der j o i n ts  

Si l i cone  encapsu lan t  Battery_coati ng 1 . j pg   

Wi re  to  battery  term inal  
con nectors  

N/A   N on e  used  

LED  componen ts  Case  des i gn  LED_lens1 . j pg  Manu factu rer  statemen t   

Swi tch  componen ts  Non e   Swi tch  i s  not  seal ed  

 

V.5.4  Overal l  level  of  water protection  

V.5.4. 1  General  

The  overal l  l evel  o f  water  protection  assessment  accoun ts  for  consumer label l i ng  and  
i nstructi ons  i n  combination  wi th  e i ther  the  techn ical  or  enclosu re-on ly  l evel  of  water  protection .  

I f  appropriate  consumer i n formation  i s  provided,  the  level  o f  water protecti on  i s  i ncreased  
relati ve  to  the  techn ical  or  enclosure-on ly  f i nd ings.  
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Th is  assessment  cannot  resu l t  i n  an  i ncrease  to  the  permanent  ou tdoor exposure  l evel ,  s i nce  
products  that  are  permanentl y mounted  ou tdoors  are  not  protected  from  water by the  end  user.   

Table  V.5  l i sts  the  requ i rements  for  assessing  the  overal l  l evel  of  water protection .  

Table  V.5  – Overal l  level  of  water  protection  requ irements  

Techn ical  l evel  of  water  protection  

or  

Enclosure-on ly l evel  of  water  protection   

Overal l  l evel  of  water  
protection  wi thou t  
consumer  l abel l i ng  

Overal l  l evel  of  water  
protection  wi th  consumer  

l abel l i ng   

N o  protecti on  Same  Occasi on al  rai n  

Occasional  rai n  Same  Frequen t  rai n  

Frequ en t  rai n  Same  Same   

Perm anen t  rooftop  i ns tal l ati on  for  PV m odu les  Same  Same  

Perm anen t  ou tdoor exposu re  Same  Same   

 

V.5.4.2  Assessing  consumer labels  and  information  

V.5.4.2.1  General  

Subclause  V.5. 4.2  describes  a  framework for  assessing  consumer l abels  and  i nstructions  for 
appropriateness.  

The  overal l  requ i rement  for  consumer labels  and  i nstructi ons  i s  that  the  commun icati on  
strategy shou ld  be  designed  and  implemented  so  that  a  typical  user  understands  both  the  
degree  of  protection  from  water for  the  product  and  what  they shou ld  do  to  main tain  the  
product  i n  an  i nstance  of  water exposure.  

The  factors  to  consider are:  

•  l anguage  and  l i teracy of  expected  end  users,  

•  prom inence  of  i n formation ,  and  

•  c lari ty  of  presen tation .  

V.5.4.2.2  Gathering  in formation  on  water protection  messages 

I n formation  from  visual  screen ing  (Annex F)  and  add i ti onal  i nspection  of  the  packag ing  shou ld  
be  used  to  establ i sh  the  messages  to  buyers  and  end  users  concern ing  water protection .   

Poten tial  l ocations  (not  i nclus ive)  of  i n formation :  

•  Labels  and  pictograms  on  packag ing .  

•  I nstructions  i n  the  users  manual .  

•  I n formation  on  the  warran ty card .  

•  Adverti s ing  and  med ia.  

V.6 Reporting  

Report  the  fo l lowing  i n  the  Equ ivalen t  I P  water exposure  protection  report.  

•  Metadata:  

– name  of  test;  

– procedures  used  to  qual i fy  for  l evel  o f  water  protection  ( IP  rati ng ,  l abel l i ng  and/or 
product  design ) ;  
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– DUT manu factu rer;  

– DUT name;  

– DUT model  number;  

– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Main  f i nd ings:   

– overal l  l evel  o f  water protection ;  

– techn ical  l evel  o f  water  protection ;  

– enclosure-on ly  l evel  o f  water  protection .  

•  Supporti ng  i n formation :  

– I P  rati ng  for  enclosure;  

– description  of  o ther  techn ical  approaches  ( i f  appl i cable) ;  

– su i tabi l i ty  o f  consumer label l i ng  for  commun icating  l evel  o f  techn ical  water  protection  
and  steps  to  protect  the  product.  

•  Manu factu rer suppl ied  data ( I nclude  al l  manu factu rer suppl i ed  data i n  the  test  report) .  

•  Assessment of  manu factu rer  suppl i ed  data.  

•  Comments:  

– i nd i vidual  comments,  as  necessary,  on  the  speci fi c  material  provided  by the  
manu facturer  demonstrating  an  equ ivalen t  IP  level  protection ;  

– overal l  comments,  as  necessary,  for  the  co l l ecti ve  set  o f  materials  provided  by the  
manu facturer  demonstrating  an  equ ivalen t  l evel  of  I P  protection .  
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Annex W 
(normative)  

 
Mechanical  durabi l i ty test  

 

W.1  Background  

The  mechan ical  du rabi l i ty  test  captu res  a  DUT’s  robustness  i n  wi thstand ing  the  ri gors  of  
expected  dai l y  usage.  The  mechan ical  du rabi l i ty  test  i ncludes  the  drop  test,  the  swi tch  and  
connector  test,  the  gooseneck and  moving  part  test  ( i f  appl icable) ,  and  the  strain  re l ief  test  ( i f  
appl i cable) .   

Du ring  the  d rop  test,  the  DUT i s  d ropped  from  a  he igh t  of  1  m  on to  a  concrete  surface.  S i x  
d rops  occur per DUT sample,  wi th  each  d rop  impacti ng  a  d i fferen t  s i de  of  the  sample.  During  
the  swi tch  and  connector  test,  each  swi tch  and/or  connector  of  the  DUT sample  i s  cycled  
1  000  t imes.  The  gooseneck and  moving  part  test  i s  on ly  conducted  on  DUT samples  wi th  
goosenecks/moving  parts,  and  i t  requ i res  the  gooseneck/moving  part  o f  the  DUT sample  to  be  
ben t  1  000  t imes  th rough  i ts  feasible  range  of  usage.  The  strain  re l i ef  test  i nvolves  attach ing  a  
2  kg  weigh t  on to  any permanentl y connected  cable  ends  ( i . e.  cable  ends  wi thou t  connectors)  
for  60  s  at  th ree  d i fferen t  s train  ang les.  Throughou t  al l  fou r tests,  the  DUT sample  i s  
examined  for  functional i ty,  damage,  and  the  presence  of  user safety  hazards.  

W.2 Test  outcomes 

The  test  ou tcomes  of  the  mechan ical  du rabi l i ty  test  are  l i sted  i n  Table  W. 1 .  

Table  W.1  – Mechanical  durabi l i ty test  outcomes 

Metri c  Reporting  un i ts  Related  aspects  Notes  

Drop  test  sample  functi on al i ty  Yes/no  4 . 2 . 3 . 7  Drop  res i s tance  - -  

Drop  test  u ser safety  hazard (s)  
presen t  

Yes/no,  descri pt i on  4 . 2 . 3 . 7  Drop  res i s tance  - -  

Drop  test  sample  damage  Yes/no,  descri pt i on  4 . 2 . 3 . 7  Drop  res i s tance  - -  

Swi tch  an d  conn ector  test  cycles  
ach i eved  

Cycl es  4 . 2 . 3 . 9  Connector  du rabi l i ty  

4 . 2 . 3 . 1 0  Swi tch  du rabi l i ty  

- -  

Swi tch  an d  conn ector  test  sample  
fu ncti on al i ty  

Yes/no  4 . 2 . 3 . 9  Connector  du rabi l i ty  

4 . 2 . 3 . 1 0  Swi tch  du rabi l i ty  

- -  

Swi tch  an d  conn ector  test  u ser  
safety  hazard (s)  presen t  

Yes/no,  descri pt i on  4 . 2 . 3 . 9  Connector  du rabi l i ty  

4 . 2 . 3 . 1 0  Swi tch  du rabi l i ty  

- -  

Swi tch  an d  conn ector  test  sample  
damage  

Yes/no,  descri pt i on  4 . 2 . 3 . 9  Connector  du rabi l i ty  

4 . 2 . 3 . 1 0  Swi tch  du rabi l i ty  

- -  

Goosen eck/moving  part  test  cycl es  
ach i eved  

Cycl es  4 . 2 . 3 . 8  Gooseneck an d  movi ng  
part  du rabi l i ty  

 

Goosen eck/moving  part  test  sample  
fu ncti on al i ty  

Yes/no  4 . 2 . 3 . 8  Gooseneck an d  m ovi ng  
part  du rabi l i ty  

- -  

Goosen eck/moving  part  test  u ser  
safety  hazard (s)  presen t  

Yes/no,  descri pt i on  4 . 2 . 3 . 8  Gooseneck an d  movi ng  
part  du rabi l i ty  

- -  

Goosen eck/moving  part  test  sample  
damage  

Yes/no,  descri pt i on  4 . 2 . 3 . 8  Gooseneck an d  movi ng  
part  du rabi l i ty  

- -  

Strai n  re l i e f  t ime  ach i eved  for  each  
we i gh t  and  s trai n  an g le  

Seconds  (s )  4 . 2 . 3 . 1 1  Strai n  re l i e f  du rabi l i ty  - -  
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Metri c  Reporting  un i ts  Related  aspects  Notes  

Strai n  re l i e f  test  sample  
fu ncti on al i ty  

Yes/no  4 . 2 . 3 . 1 1  Strai n  re l i e f  du rabi l i ty  - -  

Strai n  re l i e f  test  u ser safety 
hazard (s)  presen t  

Yes/no,  descri pt i on  4 . 2 . 3 . 1 1  Strai n  re l i e f  du rabi l i ty  - -  

Strai n  re l i e f  test  sample  damage  Yes/no,  descri pt i on  4 . 2 . 3 . 1 1  Strai n  re l i e f  du rabi l i ty  - -  

 

W.3 Related  tests 

Annex W i s  not  re lated  to  any of  the  other annexes.  

W.4 Procedures 

W.4.1  Drop test  

W.4.1 .1  General  

The  DUT sample  i s  d ropped  on  s i x  d i fferen t  s i des  from  a heigh t  o f  1  m  on to  a  l evel  concrete  
su rface  and  examined  for  functi onal i ty,  user safety  hazards,  and  damage.  

W.4.1 .2  Equ ipment  requ irements  

The  camera i s  requ i red .   

W.4.1 .3  Test  prerequisi tes 

At the  start  o f  the  drop  test,  the  DUT samples  shal l  be  m in imal l y  al tered  ( i deal l y  unal tered) ,  
fu l l y  functional ,  and  have  su ffi cien t  charge  to  check for  functional i ty  th roughou t  the  test.   

I f  the  DUT samples  have  mu l tiple  un i ts  or componen ts,  determ ine  an  appropriate  order to  test  
the  parts  that  need  to  undergo  the  d rop  test.  DUT samples  or  sample  parts  that  are  i n tended  
to  be  stationary (e . g .  separate  contro l  boxes,  l amp un i ts  i n tended  to  be  moun ted)  and  PV 
modu les  do  not  need  to  be  drop- tested .  Portable  DUT samples  or  sample  parts  (e . g .  torches,  
l an terns,  desktop  lamps)  shal l  be  drop  tested .   

Th is  test  i s  destructi ve.  Do  not  carry ou t  add i ti onal  tests  wi th  the  tested  samples.  

W.4.1 .4  Apparatus 

Choose  an  appropriate  locati on  to  perform  the  drop  test.  The  l ocation  shou ld  have  a  smooth ,  
l evel  concrete  su rface  wi th  ample  space  to  avoid  personal  i n ju ry  from  a  DUT pro jecti l e  (e . g .  
g lass  and/or plastic  shards) .  A heigh t  o f  1  m  shal l  be  establ i shed  from  the  g round  to  beg in  the  
drop.  

W.4.1 .5  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  Drop  the  DUT sample  s i x  t imes  from  a  he igh t  o f  1  m  – once  on  each  of  the  s i x  " faces"  of  
the  product,  taking  care  to  d rop  the  DUT sample  on  parts  deemed  mechan ical l y  weak (e. g .  
hand les,  l oose  parts) .  Us ing  the  th ree-d imensional  system  shown  i n  Figu re  W. 1 ,  the  DUT 
shou ld  be  rotated  after each  drop  as  fo l lows:  The  DUT sample  i s  rotated  by 90°  along  the  
x-axis  fo l l owing  each  of  the  fi rst  th ree  drops,  rotated  by 90°  along  the  y-axis  from  i ts  i n i ti al  
d rop  ori en tati on  for  the  fi fth  drop,  and  rotated  1 80°  along  the  y-axis  from  i ts  f i fth  d rop  
ori en tation  for the  s i xth  d rop.  
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Figure  W.1  – Three-d imensional  Cartesian  coordinate  system  for drop test  reference 

b)  After each  of  the  s i x  d rops,  examine  the  DUT sample  for functional i ty,  the  presence  of  
user  safety hazards  (e. g .  g lass  shards,  short  ci rcu i ts) ,  and  damage and  record  the  
observations  wi th  descriptions  and  photographs.  Superfi cial  damage (m inor scrapes  or  
"popped  off"  componen ts  that  can  easi l y  be  pu t  back i n  p lace)  shal l  not  be  noted ;  on ly  
note  damage  that  i s  permanent  and  non-superfi cial .  

W.4.1 .6  Calcu lations 

No calcu lations  are  made  for  the  drop  test.  

W.4.2  Switch  and  connector test  

W.4.2.1  General  

Each  DUT sample  swi tch  and/or connector i s  cycled  1  000  t imes  and  examined  for  
functional i ty,  user  safety  hazards,  and  damage.  

W.4.2.2  Equ ipment  requ irements 

A camera i s  requ i red .  

W.4.2.3  Test  prerequisi tes 

At the  start  o f  the  swi tch  and  connector test,  the  DUT samples  shal l  be  fu l l y  functional  and  
have  su ffi cien t  charge  to  check for  functional i ty  th roughou t  the  test.  

Th is  test  i s  destructive.  Do  not  carry  ou t  add i tional  tests  wi th  the  tested  samples,  wi th  the  
exception  of  the  swi tch  and  connector test,  the  strain  re l ief  test,  and  the  d rop  test  ( i f  the  DUT 
samples  are  sti l l  functi onal  after  the  swi tch  and  connector test) .  

W.4.2.4  Apparatus 

No apparatus  i s  requ i red  for  the  swi tch  and  connector  test.   

W.4.2.5  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

Y 

X 

Z 

IEC  
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a)  Cycle  each  of  the  DUT sample’s  un ique  swi tch(es)  and/or connector(s)  1  000  t imes.  Th is  
test  can  be  done  manual l y  or  by  us ing  a  mechan ical  device.  A un ique  swi tch  or  connector 
i s  one  that  i s  not  i den ti cal  to  any other swi tch  or  connector of  the  DUT.  I f  the  DUT has  two  
or  more  i den ti cal  swi tches  or  connectors,  on ly  one  of  those  i den ti cal  swi tches  i s  
considered  un ique  and  shal l  be  cycled .  A cycle  consists  of  a  complete  function  of  the  
swi tch  or  connector’s  performance  (e. g .  a  push  bu tton  completes  one  cycle  of  i ts  function  
each  time  i t  i s  pushed  and  re leased  regard less  of  whether the  DUT changes  l i gh t  ou tpu t  
setti ngs  over d i fferen t  cycles.  A rocker swi tch  completes  one  cycle  of  i ts  function  after  i t  i s  
rocked  th rough  al l  options,  possibly  togg l i ng  the  DUT’s  l i gh t  ou tpu t  th rough  mu l ti ple  
settings) .  

b)  I f  the  DUT has  at  l east  two  i den tical  swi tches  or  connectors  and  more  than  one  DUT i s  
being  tested  (e . g .  s i x  DUTs  are  tested  us ing  the  QTM) ,  the  se lection  of  the  un ique  swi tch  
or connector to  be  tested  wi th in  the  set  of  i den ti cal  swi tches  or  connectors  on  any s ing le  
DUT shal l  rotate  between  the  i den ti cal  swi tches  or  connectors  (e . g .  i f  a  product  has  s i x  
i den ti cal  barrel  pl ug  sockets  and  the  product  i s  undergoing  QTM  testing ,  each  DUT shou ld  
have  a  d i fferen t  barrel  p lug  socket  tested) .   

c)  I f  damage  i s  observed  du ring  the  testi ng ,  record  the  observations  wi th  descriptions  and  
photographs.  Superfi cial  damage  (m inor  scrapes  or  "popped  off"  componen ts  that  can  
easi l y  be  pu t  back i n  place)  shal l  not  be  noted ;  on ly  note  damage  that  i s  permanent  and  
non-superfi cial .  

d )  Con ti nue  testing  un ti l  the  product  fai l s  to  functi on ,  a  user safety hazard  develops  (e. g .  
short  ci rcu i t) ,  or  1  000  cycles  are  ach ieved .  I f  poten tial  damage  cannot  i nstan tl y  be  
observed  du ring  testi ng  (e. g .  damage  to  a  PV modu le  or mobi le  phone  connector) ,  check 
for  DUT sample  functional i ty  after  every 1 00  cycles.  

W.4.2.6  Calcu lations 

No calcu lations  are  made  for  the  swi tch  and  connector test.  

W.4.3  Gooseneck and  moving  part  test  

W.4.3.1  General  

I f  appl icable,  each  DUT sample’s  gooseneck/moving  part  i s  ben t  1  000  t imes  th rough  i ts  
feasible  range  of  usage.  

W.4.3.2  Equ ipment  requ irements 

A camera i s  requ i red .  

W.4.3.3  Test  prerequisi tes 

At the  start  o f  the  gooseneck and  moving  part  test,  the  DUT samples  shal l  be  fu l l y  functional  
and  have  su ffi cien t  charge  to  check for  functional i ty  th roughou t  the  test.  

Th is  test  i s  destructi ve.  Do  not  carry ou t  add i t ional  tests  wi th  the  tested  samples,  wi th  the  
exception  of  o ther destructive  tests  ( i f  the  DUT samples  are  sti l l  functional  after  the  
gooseneck and  moving  part  test) .  

W.4.3.4  Apparatus  

No  apparatus  i s  requ i red  for  the  gooseneck and  moving  part  test.   

W.4.3.5  Procedure 

The  steps  shal l  be  fo l l owed .  

a)  Bend  the  DUT sample’s  gooseneck/moving  part  1  000  t imes  th rough  i ts  feasible  range  of  
usage  ( th i s  can  be  done  manual l y  or by  using  a  mechan ical  device) .  
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b)  I f  damage  i s  observed  du ring  the  testing ,  record  the  observations  wi th  descriptions  and  
photographs.  Superficial  damage  (m inor scrapes  or  "popped  off"  componen ts  that  can  
easi l y  be  pu t  back i n  place)  shal l  not  be  noted ;  on ly  note  damage  that  i s  permanent  and  
non-superficial .  

c)  Continue  testing  un ti l  the  product  fai l s  to  functi on ,  a  user  safety hazard  develops  (e. g .  
short  ci rcu i t) ,  or  1  000  bends  are  ach ieved .  

W.4.3.6  Calcu lations 

No calcu lations  are  made  for  the  gooseneck and  moving  part  test.  

W.4.4  Strain  rel ief  test  

W.4.4.1  General  

I f  appl icable,  each  DUT samples’  permanent  cable  ends  ( i . e .  cable  ends  wi thou t  connectors)  
are  subjected  to  a  2  kg  weigh t  for  60  s  at  various  strain  ang les.  

W.4.4.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Camera.  

•  C lamp or  o ther means  of  hold i ng  DUT components  i n  p lace.  

•  Cal ibrated  2  kg  weigh t.  

•  Protractor  or o ther means  of  determ in ing  the  strain  ang le .  

•  Stopwatch .  

W.4.4.3  Test  prerequisi tes 

At the  start  o f  the  strain  re l i ef  test  the  DUT samples  and  thei r  PV modu les  shou ld  be  fu l l y  
functional  and  the  DUTs  shou ld  have  su ffi cien t  charge  to  check for  functional i ty  th roughou t  
the  test.  

Th is  test  i s  destructive.  Do  not  carry  ou t  add i tional  tests  wi th  the  tested  samples,  wi th  the  
exception  of  the  swi tch  and  connector  test,  the  d rop  test,  and  the  gooseneck and  moving  part  
test  ( i f  the  DUT samples  and  PV modu les  are  sti l l  functi onal  after  the  strain  re l i ef  test) .  

W.4.4.4  Apparatus 

A clamp or  o ther means  of  securely  hold i ng  a  2  kg  weigh t  and  the  DUT and/or the  DUT’s  PV 
modu le  i n  place  i s  requ i red .  

W.4.4.5  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  Determ ine  wh ich  DUT cable  ends  are  permanently  attached  ( i . e . ,  do  not  have  a  connector  
end)  to  the  DUT and/or PV modu le.  

b)  C lamp the  DUT,  DUT componen t,  or  PV modu le  i n  p lace  and  attach  the  2  kg  weigh t  to  the  
cable  so  that  the  strain  ang le  (γ)  i s  0°  re lati ve  to  the  d i rection  from  wh ich  the  cable  
protrudes  from  the  DUT,  DUT componen t,  or  PV modu le  (see  Figu re  W.2) .  
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Key 

γ  Cabl e  s train  ang l e  ( º )  

Figure  W.2  – Cable  strain  ang le  (γ)  schematics  for  a  PV module 
junction  box (left)  and  a  separate  l i ght  point  (right)   

c)  Observe  the  DUT,  DUT component,  or  PV modu le  for  60  s .  After  60  s ,  record  the  DUT’s,  
DUT component’s ,  or  PV modu le’s  functional i ty,  any physical  damage,  and  the  presence  
of  safety hazards.  Superficial  damage  (m inor scrapes  or  "popped  off"  componen ts  that  can  
easi l y  be  pu t  back i n  p lace)  shou ld  not  be  noted ;  on ly note  damage  that  i s  permanent and  
non-superfi cial .  

d )  Repeat  steps  b)  and  c)  for s train  ang les  of  45°  and  90° .  

e)  Repeat  step b)  th rough  step  d )  for  each  permanentl y-attached  cable  end  found  i n  s tep  a) .  

W.4.4.6  Calcu lations 

No  calcu lations  are  made  for  the  strain  re l i ef  test.  

W.5 Reporting  

Report  the  fo l lowing  i n  the  mechan ical  durabi l i ty  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu facturer;  

– DUT name;  

– DUT model  number;  

– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– d rop  tests:  

a)  functi ons  after each  drop  (pass/fai l ) ;  

b)  no  damage  presen t  after each  d rop  (pass/fai l ) ;  

IEC  
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c)  no  user  safety hazard  presen t  after  each  drop  (pass/fai l ) .  

– swi tch /connector  tests:  

a)  cycles  ach ieved  for  each  swi tch  and/or connector;  

b)  functi ons  after test  (pass/fai l ) ;  

c)  no  damage  presen t  after test  (pass/fai l ) ;  

d )  no  user safety  hazard  presen t  after  test  (pass/fai l ) .  

– gooseneck and  moving  part  test:  

a)  cycles  ach ieved  for  the  gooseneck/moving  part;  

b)  functions  after test  (pass/fai l ) ;  

c)  no  damage  presen t  after  test  (pass/fai l ) ;  

d )  no  user safety  hazard  presen t  after  test  (pass/fai l ) .  

– s train  re l i ef  test:  

a)  t ime  ach ieved  for  each  strain  ang le  (s) ;  

b)  functions  after test  (pass/fai l ) ;  

c)  no  damage  presen t  after test  (pass/fai l ) ;  

d )  no  user  safety  hazard  presen t  after  test  (pass/fai l ) .  

•  Comments:  

– i nd ividual  comments,  as  necessary,  for  samples  1  th rough  n  for  each  test;  

– overal l  comments,  as  necessary,  for  col lecti ve  set  o f  samples  1  th rough  n  for  each  test.  

•  F i gures:  

– photographs  of  observed  user safety  hazards  and/or  DUT sample  damage.  
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Annex X 
( in formative)  

 
Reserved  

 

Annex X i s  reserved  as  a  placeholder.  
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Annex Y 
( in formative)  

 
Photometer box for relative luminous flux measurements 

 

Y.1  Background  

Annex Y i ncludes  plans  and  i nstructions  for  bu i l d ing  a  photometer box (Figure  Y. 1  and   
Fi gure  Y.2)  – an  optical  cavi ty  for  re lati ve  l um inous  fl ux  measurements  that  can  be  used  to  
measure  the  run  t ime  or  l umen  main tenance  of  l i gh ti ng  products,  bu t  not  the  absolu te  
l um inous  fl ux  of  l i gh ti ng  products.  Photometer boxes  can  be  bu i l t  for much  l ower cost  than  
i n tegrating  spheres  or  s im i lar  equ ipment.   

The  box i s  a  cube  that  i s  pain ted  wi th  h i gh-reflecti vi ty,  matte  wh i te  pain t  i ns ide.  The  DUT i s  
p laced  i n  the  cen tre  of  the  box ei ther by hang ing  from  the  top  or  on  a  stand .  An  i l l um inance  
meter  i s  p laced  i n  one  of  the  corners  wi th  a  baffle  b locking  d i rect  l i gh t  from  the  DUT.  Because  
the  i l l um inance  meter on ly  "sees"  reflected  l i gh t,  the  measurements  of  re lati ve  i l l um inance  i n  
t ime  are  l ess  sensi t i ve  to  the  arrangement of  the  l i gh ting  device  and  therefore  more  robust.   

For a  g i ven  product  i n  a  f i xed  orien tation ,  the  read ing  from  the  i l l um inance  meter i s  d i rectl y 
proporti onal  to  the  l um inous  f l ux  of  the  DUT bu t  does  not  represen t  the  absolu te  l um inous  fl ux.  
The  same photometer box and  i l l um inance  meter shou ld  be  used  for any g iven  test,  s i nce  
d i fferen t  boxes  and  i l l um inance  meters  wi l l  resu l t  i n  d i fferent  re lati ve  l i gh t  ou tpu ts.  

 

Figure  Y.1  – Interior view of  completed  photometer box 
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Figure  Y.2  – Exterior view of  completed  photometer box 

Y.2  Plans 

Plans  for  a  photometer  box are  g i ven  i n  Figu re  Y.3  and  Figure  Y. 4.  
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Dimensions in centimetres

 

Figure  Y.3  – Photometer box d imensions   
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Dimensions in centimetres 

 

Figure  Y.4  – Photometer box assembly pieces and  l ist  of  materials   
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Y.3  Instructions for construction  

The  fo l l owing  steps  shal l  be  fo l l owed .  

a)  Cu t  the  pieces  i n  Figure  Y.4  to  the  d imensions  shown  i n  Figu re  Y.3  – Use  a  table  saw i f  
avai lable.  

b)  Pre-dri l l  p i lot  holes  on  65  cm  ×  60  cm  wal l  pi eces.  

c)  Apply  g l ue  along  2 ,5  cm  ×  60  cm  area of  wal l  p ieces  wi th  pi lot  ho les.  

d )  Use  four clamps  (one  at  top,  one  at  bottom  for  each  s ide)  to  ho ld  the  fou r wal l s  together 
as  shown  on  i n  the  top  view of  Figu re  Y. 3.   

e)  Dri ve  fi n i sh  nai l s  i n to  pre-dri l l ed  pi lot  holes.  

f)  Al l ow 1 2  h  for g lue  to  cu re.  

g )  Remove  clamps.  

h )  Check bu tt  j o i n ts  for  s tructural  i n tegri ty.  

i )  Apply  g l ue  to  bottom  edges  of  wal l s .  

j )  Al i gn  and  clamp bottom  piece  to  wal ls .  

k)  Al low 1 2  h  for g lue  to  cu re.  

l )  Remove  clamps.  

m)  Check for  s tructu ral  i n tegri ty.  

n )  Cu t  4  cm  ×  4  cm  feet  (as  shown  i n  fron t  view of  Figu re  Y.3)  and  g lue  to  fou r exterior 
corners  of  bottom  piece.  The  weigh t  o f  the  photometer box wi l l  ho ld  the  feet  i n  p lace  wh i le  
the  g lue  cu res.  

o)  Apply  g l ue  to  2 , 5  cm  width  of  " top  rim"  pieces  along  top  ou tside  perimeter  of  wal ls .  

p)  P lace  " top  rim"  pieces  on  ou ts ide  wal ls  as  shown  i n  Figure  Y.3  and  clamp i n  p lace.  

q )  Al low 1 2  h  for g lue  to  cu re.  

r)  Remove  clamps.  

s)  Check for  s tructural  i n teg ri ty.  

t)  Dri l l  ho le  i n  corner of  photometer box for  p lacement of  PVC section  – Use  a  hole  saw i f  
avai lable.  

u )  Cu t  PVC pipe  to  appropriate  leng th  and  m i tre  cu t  to  t i gh tl y  f i t  against  hole  i n  photometer 
box.  

v)  Affi x  PVC section  to  photometer  box wi th  cau lk sealan t,  making  su re  to  seal  against  al l  
possible  l i gh t  i n trusion  at  j o i n t.  

w)  Assemble  test  s tand  and  attach  wi th  wood  screws  to  cen tre  bottom  of  photometer  box as  
shown  i n  top  view.  

x)  Cu t  plasti c  screens  and  d ri l l  ho les  for  i nserti on  of  dowels .  

y)  Dri l l  ho les  at  appropriate  ang les  and  l ocations  for  screen  dowels,  refer to  top  view 
( in terior) .  

z)  I nsert  screen  dowels  i n to  ho les  i n  photometer  box wal ls .  No  g lue  shou ld  be  requ i red .  

aa)  P lace  top  l i d  p iece  on to  photometer box.  

bb)  Al i gn  h inge  as  shown  i n  top  vi ew ( l i d ) .  

cc)  Pre-dri l l  p i l ot  ho les  and  attach  h inge  wi th  wood  screws.  

dd)  Pre-dri l l  hole  for  hand le  (as  shown  i n  top  view)  and  attach  to  l i d .  

ee)  Pain t  al l  i n terior  su rfaces  of  photometer  box wi th  wh i te  emu ls ion  pain t,  matte  f i n ish .  
Several  l i gh t  coats  are  recommended  (at  l east  fi ve  coats) .  
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Annex Z 
( in formative)  

 
Photometer tube for relative luminous flux measurements 

 

Z.1  Background  

Annex Z  i ncludes  plans  and  i nstructions  for  bu i l d ing  a  photometer  tube  – a  very s imple  optical  
cavi ty  for  relati ve  i l l um inance  measurements  that  can  be  used  to  measure  the  run  t ime  or 
l umen  main tenance  of  l i gh ti ng  products,  bu t  not  the  absolu te  l um inous  fl ux  of  l i gh ti ng  products.  
Photometer tubes  are  very l ow cost  option ;  the  on ly  option  wi th  l ower equ ipment costs  i s  
placing  a  l i gh ting  product  i n  a  dark room  or  closet  and  arrang ing  the  i l l um inance  meter  i n  a  
f i xed  posi ti on  re lati ve  to  the  product.   

The  tube  i s  s imply  a  cardboard  (or  s im i lar)  tube  wi th  an  i l l um inance  meter  sensor f i xed  on  one  
end .  The  other end  of  the  tube  i s  placed  so  the  sensor has  a  clear view of  the  peak l i gh t  
ou tpu t  from  the  DUT.  The  function  of  the  cardboard  tube  i s  to  b lock stray l i gh t.   

For a  g i ven  product  i n  a  f i xed  orien tation ,  the  read ing  from  the  i l l um inance  meter i s  d i rectl y 
proporti onal  to  the  l um inous  fl ux  of  the  DUT bu t  does  not  represent  the  absolu te  l um inous  fl ux.  
The  same photometer tube  and  i l l um inance  meter shou ld  be  used  for  any g iven  test,  s ince  
d i fferen t  tubes  and  meters  wi l l  resu l t  i n  d i fferen t  re lati ve  l i gh t  ou tpu ts.  

Z.2  Plans 

The  photo  below (Figure  Z. 1 )  and  schematic  (see  J . 4. 2. 1 . 3)  g i ve  a  general  i nd ication  of  how 
to  construct  a  photometer  tube.  

 

Figure  Z.1  – Completed  photometer  tube 

Z.3  Instructions for construction  

Photometer tubes  can  be  constructed  of  a  variety  of  materials .  The  speci fi c  materials  shou ld  
be  se lected  based  on  avai labi l i ty.  Below are  some  gu idel i nes  for  selecting  materials .  

Tube:  cardboard  or  paperboard  i s  typical l y  used .  PVC  pipe  or  s im i lar  materials  may also  be  
used .  The  i ns ide  d iameter shou ld  be  between  5  cm  and  7  cm .  The  l eng th  shou ld  be  
approximately  50  cm.  No  coatings  are  requ i red  on  the  i ns ide  of  the  tube.  

I l l um inance  meter:  the  i l l um inance  meter shal l  meet  the  requ i rements  i n  Table  CC.2.   

Cap:  the  cap  shou ld  f i t  snug ly  i n  one  end  of  the  tube  and  hold  the  i l l um inance  meter  sensor i n  
a  f i xed  posi ti on  so  i t  i s  faced  d i rectly  down  the  cen tre  axis  of  the  tube.  Wood  that  has  been  
tu rned  on  a  l athe  i s  o ften  the  best  material ,  s ince  i t  can  be  sanded  to  f i t .  

 

IEC  
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Annex AA 
( in formative)  

 
Field  testing  methods 

 

AA.1  Background  

Annex AA describes  " fi e l d  mod i fi cations"  to  the  l aboratory test  methods  described  i n  o ther 
annexes  of  th i s  part  o f  I EC  62257.  Note  that  the  resu l ts  from  fie ld  measurements  are  not  
d i rectl y  comparable  to  those  from  laboratory measurements  because  they are  general l y  not  
made  wi th  i nstruments  that  are  as  accurate  or  procedures  that  are  as  con trol led  or  repeatable.   

The  use  of  these  methods  requ i res  some  care  and  understand ing  of  the  way off-g rid  l i gh ti ng  
products  function .   

The  fo l l owing  measurements  may be  made  i n  the  fi e ld  wi th  mod i fi cati ons  to  the  laboratory 
methods:  

•  fu l l -battery run  time;  

•  so lar  run  t ime;  

•  l um inous  f l ux;  

•  l i gh t  d i stribu ti on .  

AA.2  Test  outcomes 

The  test  ou tcomes  of  the  f ie ld  tests  are  l i s ted  i n  Table  AA. 1 .  

Table  AA.1  – Field  test  outcomes 

Metric  Reporting  
un i ts  

Related  aspects  Notes  

Fu l l -battery  run  t ime  H ou rs  (h )  4 . 2 . 8 . 5  Li g h ti ng  
fu l l -battery  run  
t i me  

Run  t i me  from  a  fu l l  charg e.  

So l ar  run  t ime  H ou rs  (h )  4 . 2 . 8 . 3  So lar-day 
l i g h t i ng  run  t i me  

Run  t i me  after one  day o f  so l ar  charg i ng ,  
done  over  several  days  to  establ i sh  a  
c l ear trend .  

Lum inous  f l u x  Lumens  ( lm )  4 . 2 . 9 . 1  Average  
l um i nous  f l u x  
ou tpu t   

Completed  wh i l e  the  product  i s  se l f-
powered .  

L i gh t  d i s tri bu ti on  I l l um i nance  on  a  
su rface  ( l u x)  

4 . 2 . 9 . 3  Average  
l i g h t  d i s tri bu t i on  
characteri s ti cs  

Completed  wh i l e  the  product  i s  se l f-
powered .  

 

AA.3  Related  tests 

The  fie ld  testi ng  methods  are  re lated  to  the  l i gh t  ou tpu t  test  (Annex I ) ,  the  fu l l -battery run  t ime  
test  (Annex M ) ,  and  the  l i gh t  d i stribu ti on  test  (Annex T) .  The  fu l l  l aboratory procedures  shou ld  
be  read  and  understood  before  implementing  the  fi e ld  mod i fi cations  described  below.  

AA.4 Laboratory requ i rements 

A techn ical l y  adept,  detai l -orien ted  person  to  make  measurements.  
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AA.5 Procedures 

AA.5.1  Fu l l -battery run  t ime test  

AA.5.1 .1  General  

The  DUT i s  set  i n  the  measurement  cavi ty  and  tu rned  on  i n  order to  record  i ts  l i gh t  ou tpu t  
over the  du ration  of  i ts  d i scharge.  

AA.5.1 .2  Equ ipment  requ irements 

The  fo l lowing  equ ipment  i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Appropriate  opti cal  cavi ty  or  dark room/closet  for  d i scharg ing  the  l i gh t.  

•  I l l um inance  meter.  

•  Stopwatch  or  s im i lar  t imekeeping  equ ipment.  

AA.5.1 .3  Test  prerequ isi tes  

Prepare  the  optical  cavi ty  (see  Annex Y and  Annex Z  for  examples)  or  l ocate  a  dark,  unused  
room  or  cl oset  where  d i scharge  measurements  can  be  made.  I f  the  DUT’s  battery has  not  
been  cycled  frequen tl y  i n  the  previous  days,  the  DUT shou ld  be  fu l l y  charged  and  d i scharged  
at  l east  twice  before  beg inn ing  the  test.  

AA.5.1 .4  Procedure 

Refer to  Annex M  for  the  offi cial  procedure.  The  mod i fi cations  to  the  procedure  are  the  
fo l l owing :  

a)  I nstead  of  charg ing  on  a  battery analyser,  fu l l y  charge  the  battery us ing  wh ichever 
charg ing  mechan ism  i s  provided  by the  manu factu rer or  an  al ternati ve  i f  i t  i s  safe  and  
effecti ve.  Note  that  for so lar products  that  have  an  external  so lar  modu le,  i t  i s  often  
possible  to  charge  wi th  an  AC/DC  adapter that  has  appropriate  vol tage  and  cu rren t  
characteri stics  ( i . e .  those  that  approximately  match  the  PV modu le) .  

b)  Do  not  record  the  battery curren t  and  vo l tage  du ring  the  d ischarge.  

c)  I nstead  of  us ing  au tomated  data l ogg ing ,  take  manual  read ings  from  the  i l l um inance  meter  
at  regu lar i n tervals  during  the  test.  Table  AA.2  i s  an  example  of  a  datasheet to  support  the  
measurements.  
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Table  AA.2  – Example  run  t ime test  datasheet  

Run  t ime  test  datasheet   

Model  tested :  brand  name,  
manu factu rer’ s  name  

Sample  tested:  code  used  for  
i den t i f i cati on  o f  each  sample  

Date/location :  

Posi t i on  o f  the  l an tern :  hang i ng  or  supported  

Charge  type:  fu l l  recharge  (n ote  method )  OR so l ar  charge  (note  weather)  

Ti me  I l l u m i nance  

T0   

 

Starti ng  t ime  of  the  l i g h t  
appl i cati on  

 

Planned  
m easu rement  
t i me  

Real  measu rem en t  t ime   

T0+  5  m i n  T0  +…  M easu red  val ue  wi th  the  i l l um i n ance  m eter  

T1  =  T0+20  m i n  T1  =   …  

T2  =  T1 +1 5  m i n  T2  =   …  

T3  =  T2+1 5  m i n  T3  =   …  

T4  =  T3+1 5  m i n  T4  =   …  

T5  =  T4+1 5  m i n  T5  =   …  

…  …  …  

Tn  Tn  +=  M easu red  val ue  wi th  the  i l l um i n ance  m eter  

Remarks  on  test:  

 

 

 

AA.5.2  Solar run  t ime test  

AA.5.2.1  General  

The  DUT i s  charged  wi th  a  so lar modu le,  then  set  i n  the  measurement  cavi ty  and  tu rned  on  i n  
order to  record  i ts  l i gh t  ou tpu t  over the  du ration  of  i ts  d i scharge.  Th is  i s  repeated  over 
successive  days  to  estimate  the  so lar run  t ime.   

AA.5.2.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment  i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Appropriate  opti cal  cavi ty  or  dark room/closet  for  d i scharg ing  the  l i gh t.  

•  I l l um inance  meter.  

•  S topwatch  or  s im i lar  t imekeeping  equ ipment.  

AA.5.2.3  Test  prerequisi tes  

Prepare  the  opti cal  cavi ty  (see  Annex Y and  Annex Z  for  examples)  or  l ocate  a  dark,  unused  
room  or closet  where  d i scharge  measurements  can  be  made.  I f  the  DUT’s  battery has  not  
been  cycled  frequently  i n  the  previous  days,  the  DUT shou ld  be  fu l l y  charged  and  d ischarged  
at  l east  twice  before  beg inn ing  the  test.  

AA.5.2.4  Procedure 

Starting  wi th  a  fu l l y  d i scharged  DUT.  A DUT i s  considered  fu l l y  d i scharged  when  i t  reaches  i ts  
L70 .  Th is  i s  the  po in t  at  wh ich  the  DUT provides  70  % of  the  i n i ti al  l i gh t  ou tpu t.  The  i n i t ial  l i gh t  
ou tpu t  i s  the  l i gh t  ou tpu t  read ing  taken  at  m inu te  20  of  the  DUT’s  fu l l -battery run  t ime.  Refer 
to  Annex N  for gu idance  on  fu l l y  d i scharg ing  the  DUT.  
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Charge  the  DUT wi th  solar energy du ri ng  the  day and  d ischarge  the  DUT at  n i gh t.  Repeat  the  
cycle  over at  l east  f i ve  sunny days.  

Refer to  Annex M  for  the  fu l l -battery d ischarge  and  measurement  procedure.  The  
mod i fi cations  to  the  procedure  are  the  fo l l owing .  

a)  I nstead  of  charg ing  on  a  battery analyser,  partial l y  charge  the  battery us ing  the  so lar 
modu le  provided  by the  manu factu rer on  a  sunny day.  Ensure  the  so lar  modu le  captu res  
the  fu l l  so lar resource  by placing  i t  i n  an  unshaded  l ocation  for  the  whole  day,  facing  the  
equator  at  a  t i l t  equal  to  the  l ati tude.  Note  the  weather patterns  on  the  data sheet.   

b)  Do  not  record  the  battery cu rren t  and  vo l tage  during  the  d ischarge.  

c)  I nstead  of  us ing  au tomated  data l ogg ing ,  take  manual  read ings  from  the  i l l um inance  meter 
at  regu lar i n tervals  during  the  test.  

d )  Repeat  the  test  over  several  successive  sunny days.  Do  not  charge  or  d ischarge  the  
product  on  "off"  days.   

e)  After  f i ve  sunny days,  f i nd  the  average  run  t ime  after a  so lar  charge.   

AA.5.3  Luminous flux test  

AA.5.3.1  General  

The  DUT l um inous  fl ux  i s  measured  wi th  a  mod i fi ed  version  of  the  "mu l t iplane  l i gh t  
d i stribu tion "  method  (see  I . 4. 3) .  

AA.5.3.2  Equ ipment  requ irements 

The fo l l owing  equ ipment  i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  A  room  that  can  be  darkened  (wi thou t  s tray l i gh t)  wi th  l ow-reflecti vi ty  su rfaces  i nside.  

•  I l l um inance  meter.  

AA.5.3.3  Test  prerequ isi tes  

Prepare  the  room  to  make  measurements  by e l im inati ng  sources  of  reflection .  I f  the  DUT’s  
battery has  not  been  cycled  frequentl y  i n  the  previous  days,  the  DUT shou ld  be  fu l l y  charged  
and  d i scharged  at  l east  twice  before  beg inn ing  the  test.  

AA.5.3.4  Procedure 

Refer to  Annex I  for  the  offi cial  mu l ti plane  l i gh t  d i stribu ti on  procedure.  The  mod i fi cations  to  
the  procedure  are  the  fo l lowing :  

a)  I nstead  of  powering  the  DUT wi th  an  external  power supply,  fu l l y  charge  the  battery 
before  the  test  us ing  wh ichever charg ing  mechan ism  i s  provided  by the  manu facturer or  
an  al ternati ve  i f  i t  i s  safe  and  effecti ve.  Note  that  for  solar  products  that  have  an  external  
so lar modu le,  i t  i s  often  possible  to  charge  wi th  an  AC/DC adapter that  has  appropriate  
vo l tage  and  cu rren t  characteristi cs  ( i . e .  those  that  approximately  match  the  PV modu le) .  

b)  Operate  the  DUT us ing  the  fu l l y  charged  battery du ring  the  test.   

c)  Work qu ickly  to  avoid  changes  i n  the  l i gh t  ou tpu t  that  occur  du ring  the  test.  Consider the  
" trend"  i n  l i gh t  ou tpu t  from  the  fu l l -battery run  t ime  test  (Annex M  or AA.5. 1 )  when  you  
plan  the  mu l ti plane  test  l og isti cs.  I f  the  DUT has  a  parti cu larl y  fast-chang ing  l i gh t  ou tpu t  
during  the  d i scharge,  the  mu l tiplane  measurements  may be  d i vided  i n to  parts,  recharg ing  
the  DUT between  the  parts.   
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AA.5.4  Light  d istribution  test  

AA.5.4.1  General  

The  DUT l i gh t  d i stribu ti on  i s  measured  wi th  a  mod i fi ed  version  of  the  " l i gh t  d i stribu ti on "  
method .  I f  the  mu l tiplane  d istribu tion  method  has  been  used  to  measure  l um inous  fl ux,  much  
of  the  l i gh t  d i stribu tion  data wi l l  be  avai lable  from  that  test.   

AA.5.4.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment  i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  A  room  that  can  be  darkened  (wi thou t  s tray l i gh t)  wi th  l ow-reflecti vi ty  su rfaces  i nside.  

•  I l l um inance  meter.  

AA.5.4.3  Test  prerequ isi tes  

Prepare  the  room  to  make  measurements  by e l im inating  sources  of  reflection .  I f  the  DUT’s  
battery has  not  been  cycled  frequentl y  i n  the  previous  days,  the  DUT shou ld  be  fu l l y  charged  
and  d ischarged  at  l east  twice  before  beg inn ing  the  test.  

AA.5.4.4  Procedure 

Refer to  Annex T for  the  offi cial  procedures.  The  mod i fi cati ons  to  the  procedure  are  the  
fo l lowing .  

a)  I nstead  of  powering  the  DUT wi th  an  external  power supply,  fu l l y  charge  the  battery 
before  the  test  us ing  wh ichever charg ing  mechan ism  i s  provided  by the  manu factu rer or 
an  al ternati ve  i f  i t  i s  safe  and  effective.  Note  that  for  solar  products  that  have  an  external  
so lar  modu le,  i t  i s  often  possible  to  charge  wi th  an  AC/DC adapter  that  has  appropriate  
vo l tage  and  cu rren t  characteristics  ( i . e .  those  that  approximately  match  the  PV modu le) .  

b)  Operate  the  DUT us ing  the  fu l l y  charged  battery du ring  the  test.   

c)  Work qu ickly  to  avoid  changes  i n  the  l i gh t  ou tpu t  that  occur  du ring  the  test.  Consider  the  
" trend"  i n  l i gh t  ou tpu t  from  the  fu l l -battery run  t ime  test  (Annex M  or  AA. 5. 1 )  when  you  
plan  the  test  l og isti cs.  I f  the  DUT has  a  particu larl y  fast-chang ing  l i gh t  ou tpu t  du ring  the  
d ischarge,  the  measurements  may be  d i vi ded  i n to  parts ,  recharg ing  the  DUT between  the  
parts.   

AA.6 Reporting  

Report  the  fo l lowing  i n  the  fi e l d  test  report:  

•  Metadata:  

– report  name;  

– procedure(s)  used  (note  that  they were  wi th  f i e l d  mod i fi cations) ;  

– DUT manu facturer;  

– DUT name;  

– DUT model  number;  

– DUT setti ng ;  

– l ocation  of  test;  

– techn ician ;  

– date  of  test.  

•  Main  resu l ts  for  tested  DUT aspects  for samples  1  th rough  n:  

– fu l l -battery run  time;  

– so lar  run  t ime;  
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– l uminous  f l ux  ou tpu t;  

– l i gh t  d i stribu ti on .  

•  DUT’s  rati ng  for  aspects  tested ,  i f  avai lable.  

•  Supporting  i n formation :  

– notes  and  hand-col lected  data sheets  

– i l l ustrati ve  plots  (e . g .  p lot  showing  the  i l l um inance  against  the  run  t ime  (m in ) ,  s im i lar  to  
Fi gu re  J . 2) .  

•  Comments:  

– i nd ividual  comments,  as  necessary,  for samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  col lecti ve  set  o f  samples  1  th rough  n.  
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Annex BB 
(normative)  

 
Battery durabi l i ty test  

 

BB.1  Background  

The  battery durabi l i ty  test  aims  to  i den ti fy  batteries  unsu i table  for  the  appl ication  i n  s tand-
alone  l i gh ti ng  ki ts .  The  procedures  are  re lated  to  storage  of  the  stand-alone  l i gh ting  ki ts .  

I n  general  terms,  the  storage  procedures  use  methods  to  accelerate  the  ageing  mechan isms  
occurring  du ri ng  storage.  Th is  method  enables  the  i den ti f i cation  of  batteries  wh ich  age  
prematurely  and  are  therefore  unsu i table  for  use  i n  s tand-alone  l i gh ti ng  ki ts .  

BB.2  Test  outcomes 

The  test  ou tcomes  of  the  battery du rabi l i ty  test  are  l i s ted  i n  Table  BB. 1 .  

Table  BB.1  – Battery durabi l i ty test  outcomes 

Metric  Reporting  un i ts  Related  aspects  Notes  

Capaci ty  l oss  from  
s torage  (δC)  

Percen tag e  (%)  4 . 2 . 5 . 3  Battery s torage  
du rabi l i ty  

 

 

BB.3  Related  tests 

The  battery du rabi l i ty  test  i s  re lated  to  the  battery test  (Annex K) .  

BB.4 Procedure 

BB.4.1  Durabi l i ty storage test  for  valve-regu lated  lead-acid  batteries  

BB.4.1 .1  General  

The  DUT’s  valve-regu lated  l ead-acid  battery i s  s tored  for  360  h  connected  to  a  res istance  
correspond ing  to  a  cu rren t  of  2  It  A,  wh ich  causes  a  deep  d ischarge.   

BB.4.1 .2  Equ ipment  requ irements 

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Battery analyser.  

•  Wi re  cu tters .  

•  Wi re  strippers.  

•  So lderi ng  i ron  and  solder.  

•  Heat-shrink tubing  and  heat  gun ,  or  e lectrical  tape.  

•  Resistor wi th  res istance  correspond ing  to  a  cu rren t  of  2  It  A  ±  1 0  % and  a  power rating  
that  i s  g reater than  the  maximum  power d iss ipated  du ring  the  test,  as  speci fied  i n  
I EC  61 056-1 :201 2,  7 . 9 .2 .   
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BB.4.1 .3  Test  prerequ isi tes  

The  DUT’s  battery shal l  be  recen tl y received  and  fu l l y  charged .  The  battery capaci ty  shal l  
have  been  determ ined  us ing  the  valve-regu lated  l ead-acid  battery test  (K.4. 2) .  The  product  
shal l  have  been  cycled  no  more  than  two  times  and  shal l  have  been  stored  for no  more  than  
1  week s i nce  undergoing  the  battery capaci ty  test.  The  battery shal l  be  removed  from  the  
DUT.  

BB.4.1 .4  Procedure 

Perform  the  charge  acceptance  after the  deep d i scharge  test  from  IEC  61 056-1 :201 2,  7 . 9,  
wi th  the  fo l l owing  modi fi cations:  

•  the  requ i rements  of  I EC  61 056-1 :201 2,  7. 9. 1  need  not  be  met;  

•  capaci ty before  and  after s torage  shal l  be  measured  using  the  method  defined  i n  K. 4. 2;  

•  the  battery shal l  be  stored  at  an  ambien t  temperatu re  of  20  °C  ±  5  K or  25  °C  ±  5  K.  

BB.4.1 .5  Calcu lations 

Determ ine  the  capaci ty  l oss  usi ng  the  fo l lowing  formu la:  

% 1 001
B

A ×







−=
C

C
Cδ  

where  

δC  i s  the  percen t  capaci ty  l oss  experienced  by the  battery after the  30  days  storage  (%) ;  

CA  i s  the  battery capaci ty  measured  after the  storage,  i n  m i l l i ampere-hours  (mAh) ;  

CB  i s  the  battery capaci ty  measured  before  the  storage,  i n  m i l l i ampere-hours  (mAh) .  

BB.4.2  Durabi l i ty storage test  for  n ickel -metal  hydride  batteries  

BB.4.2.1  General  

The  DUT’s  n ickel -metal  hydri de  battery i s  s tored  for 30  days  at  60  °C  ±  5  °C  connected  to  a  
resistance  correspond ing  to  a  cu rren t  of  0 , 2  It  A,  wh ich  causes  a deep-d ischarge  i n  the  
battery.  

BB.4.2.2  Equ ipment  requ irements  

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Battery analyser.  

•  Wi re  cu tters.  

•  Wi re  strippers.  

•  So lderi ng  i ron  and  solder.  

•  Heat-shrink tubing  and  heat  gun ,  or  e lectrical  tape.  

•  Oven ,  envi ronmental  chamber,  or  o ther apparatus  capable  of  main tain ing  temperatu re  i n  
the  requ i red  range.  

•  Resistor wi th  res istance  correspond ing  to  a  curren t  of  0 , 2  It  A  and  a  power rati ng  that  i s  
g reater  than  the  maximum  power d iss ipated  du ring  the  test.  The  to lerance  of  the  resistor  
shal l  be  no  more  than  5  % and  the  nominal  value  of  the  resistor shal l  be  wi th in  20  % of  the  
calcu lated  resistance.   
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BB.4.2.3  Test  prerequ isi tes  

The  battery shal l  be  recen tly  received  and  fu l l y  charged .  The  battery capaci ty  shal l  have  been  
determ ined  us ing  the  n ickel -metal  hydri de  battery test  (Annex K) .  The  product  shal l  have  
been  cycled  no  more  than  two  t imes  and  shal l  have  been  stored  for  no  more  than  1  week 
s ince  undergoing  the  battery capaci ty  test.  The  battery shal l  be  taken  ou t  o f  the  DUT.  The  
storage  test  shal l  be  carri ed  ou t  at  60  °C  ±  5  °C.  

BB.4.2.4  Procedure 

The  fo l lowing  steps  shal l  be  fo l l owed,  s tarting  wi th  a  fu l l y  charged  battery.  

a)  D ischarge  the  battery at  a  rate  of  0 , 2  It  A  un ti l  a  vol tage  of  1 , 0  V/cel l  i s  reached .  The  
value  of  It  shal l  be  determ ined  us ing  the  battery capaci ty measured  i n  the  battery test  
(Annex K) .  

b)  Connect  across  the  battery term inals  a  res istor  wi th  res istance  and  power rati ng  as  
speci fi ed  i n  BB. 4. 2. 2.   

c)  Store  the  battery for  30  days  at  60  °C  ±  5  °C.  

d )  Determ ine  the  DUT’s  battery capaci ty accord ing  to  the  n i ckel -metal  hydri de  battery test  
(K.4. 3) .   

BB.4.2.5  Calcu lations 

The  calcu lati ons  requ i red  for  the  storage  test  for n ickel -metal  hydride  batteries  are  i den tical  to  
those  for  l ead-acid  batteries  (BB.4. 1 . 5) .  

BB.4.3  Durabi l i ty storage test  for  l i th ium-ion  batteries 

BB.4.3.1  General  

The  DUT’s  l i th ium-ion  battery i s  s tored  for  30  days  at  60  °C  ±  5  °C  at  a  s tate  of  charge  of  
50  %.  The  storage  test  for  l i th i um- ion  batteries  i s  an  accelerated  vers ion  of  the  charge  
(capaci ty)  recovery after l ong  term  storage  test  from  IEC  61 960:201 1 ,  7 . 5.  

BB.4.3.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Battery analyser.  

•  Oven ,  envi ronmental  chamber,  or  o ther apparatus  capable  of  main tain ing  temperatu re  i n  
the  requ i red  range.  

BB.4.3.3  Test  prerequ isi tes  

The  battery shal l  be  recen tly  received  and  fu l l y  charged .  The  battery capaci ty  shal l  have  been  
determ ined  using  the  l i th ium- ion  battery test  (Annex K) .  The  product  shal l  have  been  cycled  
no  more  than  two  t imes  and  shal l  have  been  stored  for  no  more  than  1  week s ince  undergoing  
the  battery capaci ty  test.  The  battery shal l  be  taken  ou t  of  the  DUT.  The  storage  shal l  be  
carri ed  ou t  at  60  °C  ±  5  °C.  

BB.4.3.4  Procedure 

The  fo l l owing  steps  shal l  be  fo l l owed,  s tarti ng  wi th  a  fu l l y  charged  battery.  

a)  D ischarge  the  battery at  a  rate  of  0 , 2  It  A  for  2  h  and  30  m in .  The  battery i s  then  at  a  
s tate-of-charge  of  50  %.  The  value  of  It  shal l  be  determ ined  us ing  the  battery capaci ty 
measured  i n  the  battery test  (Annex K) .  

b)  Store  the  battery for  30  days  at  60  °C  ±  5  °C.  

c)  Determ ine  the  DUT’s  battery capaci ty accord ing  to  the  l i th i um- ion  battery test  (K. 4. 4) .  
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BB.4.3.5  Calcu lations 

The  calcu lations  requ i red  for the  storage  test  for l i th i um- ion  batteries  are  i den tical  to  those  for  
l ead-acid  batteries  (BB. 4. 1 . 5) .  

BB.4.4  Durabi l i ty storage test  for  l i th ium  i ron  phosphate  batteries 

BB.4.4.1  General  

The  DUT’s  l i th ium  i ron  phosphate  battery i s  s tored  for  30  days  at  60  °C  ±  5  °C  at  a  s tate  of  
charge  of  50  %.  The  storage  test  for  l i th ium  i ron  phosphate  batteries  i s  an  accelerated  version  
of  the  charge  (capaci ty)  recovery after l ong  term  storage  test  from  IEC  61 960:201 1 ,  7 . 5 .  

BB.4.4.2  Equ ipment  requ irements  

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Battery analyser.  

•  Oven ,  envi ronmental  chamber,  or  o ther apparatus  capable  of  main tain ing  temperatu re  i n  
the  requ i red  range.  

BB.4.4.3  Test  prerequisi tes 

The  battery shal l  be  recen tl y  received  and  fu l l y  charged  before  undertaking  the  procedure.  
The  battery capaci ty  shal l  have  been  determ ined  us ing  the  l i th i um  i ron  phosphate  battery test  
(Annex K) .  The  battery shal l  be  taken  ou t  o f  the  DUT.  The  product  shal l  have  been  cycled  no  
more  than  two  t imes  and  shal l  have  been  stored  for  no  more  than  1  week s ince  the  
undergoing  the  battery capaci ty  test.  The  storage  shal l  be  carried  ou t  at  60  °C  ±  5  °C.  

BB.4.4.4  Procedure 

The  fo l lowing  steps  shal l  be  fo l l owed,  s tarti ng  wi th  a  fu l l y  charged  battery.  

a)  D ischarge  the  battery at  a  rate  of  0 , 2  It  A  for 2 , 5  h .  The  battery i s  then  at  a  s tate-of-
charge  of  50  %.  The  value  of  It  shal l  be  determined  us ing  the  battery capaci ty  measured  
i n  the  battery test.  

b)  Store  the  battery for  30  days  at  60  °C  ±  5  °C.  

c)  Determ ine  the  DUT’s  battery capaci ty  accord ing  to  the  l i th ium  i ron  phosphate  battery test  
(K.4. 5) .   

BB.4.4.5  Calcu lations 

The  calcu lations  requ i red  for the  storage  test  for  l i th i um- ion  batteries  are  i den ti cal  to  those  for  
l ead-acid  batteries  (BB.4. 1 . 5) .  

BB.5  Reporting  

Report  the  fo l lowing  i n  the  battery test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu factu rer;  

– DUT name;  

– DUT model  number;  

– battery manu factu rer,  i f  avai lable;  
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– battery name,  i f  avai lable;  

– battery model  number,  i f  avai lable;  

– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– capaci ty  l oss  from  storage  (%) .  

•  Average  of  n  sample  resu l ts  for  each  DUT aspect  tested .  

•  Coefficien t  of  variati on  of  n  sample  resu l ts  for  each  DUT aspect  tested  (%) .  

•  DUT’s  rati ng  for  aspects  tested ,  i f  avai lable .  

•  Deviation  of  the  average  resu l t  from  the  DUT’s  rati ng  for  each  aspect  tested ,  i f  avai lable  
(%) .  

•  Comments:  

– i nd i vidual  and  overal l  comments,  as  necessary.  
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Annex CC 
(normative)  

 
Equ ipment requirements 

 

Annex CC  g ives  requ i rements  and  recommendations  for  the  equ ipment  needed  for  the  test  
methods  described  i n  th i s  part  o f  I EC  62257 (Table  CC.2) .  Many pieces  of  equ ipment  can  be  
used  for  mu l ti ple  tests;  the  ri gh t  s ide  of  the  table  shows  wh ich  test  methods  requ i re  each  
piece  of  equ ipment.  The  symbols  used  i n  these  columns  of  Table  CC.2  are  defined  i n   
Table  CC. 1 .  

Table  CC.1  – Symbols  used  in  test  method  column  of  Table  CC.2  

Symbol  Mean ing  

No  symbol  Equ ipm ent  i s  not  u sed  for  th i s  test.  

●  Equ ipm ent  i s  requ i red  for  th i s  test  regard less  o f  the  
test  l aboratory  c l ass .  

○  Equ ipm ent  i s  opt i on al  for  th i s  test.  

A Equ ipm ent  i s  requ i red  for  th i s  test  for  test  l aboratori es  
o f  c l ass  A.  

B  Equ ipm ent  i s  an  acceptabl e  al tern ati ve  to  the  
equ i pm en t  l abel l ed  A  fo r  test  l aboratori es  o f  c l ass  B .  
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Table  CC.2  – Speci fications for  al l  requ ired  test  equ ipment  (1  of 8)  

Equ ipment  Recommendations  Requ i rements  

Test  method  
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Compu ter Depen ds  on  equ i pmen t  
that  needs  to  be  
con nected ;  typ i cal l y  g ood  
to  have  mu l t i p l e  RS-232  
DB9  (serial )  ports  an d  
U SB  ports  for  test  
equ i pmen t  I /O.  Test  
equ i pmen t  o ften  requ i res  
Wi ndows.  

Depen ds  on  equ i pmen t  

●  ●  ●  ●  ●  ●  ●  ●  ●  ●  ●  ●  ●  ●  ●  ●  

Cal l i pers  an d /or  ru l er  - -  - -  ●  

Balance  (scal e)  
- -  

≤   0 , 1  g  resol u ti on ;   
≤  1  %  accu racy  

●  
               

Bri gh t  task l i g h t  wi th  good  
co l ou r  renderi ng   

≥  700  l u x  an d  ≥  85  CRI   - -  ●  
               

Camera - -  - -  ●  ●  ●  

DC vol tmeter or  
mu l t i meter  

- -  <  0 , 5  %  accu racy  
●  

 
B  B  B  

      
●  ●  

   

Wi re  s tri pper - -  - -  ●  ●  

Wi re  cu tter  - -  - -  ●  ●  

Solderi ng  i ron  and  so l der - -  - -  ●  ●  

H eat-sh ri nk tubi ng  and  
heat  gun  

- -  - -  
 

●  
             

●  

Screwdri vers   - -  - -  ●  

Power d ri l l  wi th  d ri l l  b i ts  - -  - -   ●                
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Table  CC.2  (2 of 8)  

Equ ipment  Recommendations  Requ i rements  

Test  method  
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Wi re  4  d i fferen t  co l ou rs  ( i . e .  
red ,  b l ack,  wh i te ,  g reen )  

i nsu lated  copper wi re  
0 , 75  mm 2  o r  th i cker  

 ●                

Connectors  - -  - -   ○                

Solar  s i mu lator  - -  Meets  the  requ i rem en ts  o f  
I EC  60904-1    

A  
             

PV reference  ce l l  Cal i brati on  shou l d  be  
traceable  to  an  I SO  1 7025  
accred i ted  l aboratory.  

Matched  to  DUT spectral  
response  (see  Q. 4 . 2 . 1 )  
u n l ess  spectral  m i smatch  
correcti on  i s  u sed  

  A               

I n door  I -V  cu rve  anal yser   Cu rren t  range:  up  to  2  A;   
Vo l tage  range:  up  to  60  V;  
<  0 , 5  % accu racy for  
modu l es  0 , 3  W to  1 5  W 

  A               

Outdoor  I -V  cu rve  
anal yser 

- -  
Same  as  i ndoor  I -V  cu rve  
anal yser   

B  
             

Fast- response  
pyranom eter  

S i l i con  PV-  o r  photod i ode-
based  

<  5  %  accu racy  

Response  t i me  ≤  1  s    
B  

             

Surface-moun ted  
th erm ocoupl e(s)   

- -  <  2  °C  preci s i on  
  

B  
     

○  ○  

 
○  

    

Thermocou pl e  reader or  
o ther  su i table  tem peratu re  
measu rement  devi ces  wi th  
su rface-moun tabl e  
sensors  

- -  

<  2  °C  preci s i on  

  
B  

     
○  ○  

 
○  
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Table  CC.2  (3 of 8)  

Equ ipment  Recommendations  Requ i rements  
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I n teg rati ng  sphere  

- -  

≥  1  m  d i ameter  wi th  
au xi l i ary  l amp;  
set  o f  3  cal i brated  l amp  
s tandards;  
spectrorad iometer 
detector  wi th  range  
con tai n i ng  380  nm  to   
780  n m  

   
A  

  
○  

     
○  

   

Mu l ti -pl ane  test  apparatus   B l ack m atte  pai n t  
m i n im i zes  su rface  
ref l ectance.  An  array o f  
c l am p  types  i s  u sefu l  to  
h o l d  DUTs  i n  p l ace.  

- -  
   

B  ○  

           

Li gh ti ng  d i s tri bu t i on  g ri d  
testi ng  su rface  

Black m atte  pai n t  
m i n im i zes  su rface  
ref l ectance.  An  array o f  
c l am p  types  i s  u sefu l  to  
h o l d  DUTs  i n  p l ace.  

- -      B             

Tu rn tabl e  ( " rotary  d i sk" )  - -  - -      ○             
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Table  CC.2  (4 of 8)  

Equ ipment  Recommendations  Requ i rements  

Test  method  

V
is
u
a
l 
s
c
re
e
n
in
g
 

S
a
m
p
le
 p
re
p
a
ra
ti
o
n
 

P
h
o
to
v
o
lt
a
ic
 m

o
d
u
le
 

IV
 c
h
a
ra
c
te
ri
s
ti
c
s
 t
e
s
t 

L
ig
h
t 
o
u
tp
u
t 
te
s
t 

L
ig
h
t 
d
is
tr
ib
u
ti
o
n
 t
e
s
t 

B
a
tt
e
ry
 t
e
s
t 

F
u
ll
 b
a
tt
e
ry
 r
u
n
 t
im

e
 

F
u
ll
 d
is
c
h
a
rg

e
 

p
re
p
a
ra
ti
o
n
 

S
o
la
r 
c
h
a
rg

e
 

e
ff
ic
ie
n
c
y
 t
e
s
t 

G
ri
d
 c
h
a
rg

e
 t
e
s
t 

M
e
c
h
a
n
ic
a
l 
c
h
a
rg

e
 

te
s
t 

C
h
a
rg

e
 c
o
n
tr
o
ll
e
r 

b
e
h
a
v
io
u
r 
te
s
t 

L
u
m
e
n
 m

a
in
te
n
a
n
c
e
 

te
s
t 

P
h
y
s
ic
a
l 
a
n
d
 w

a
te
r 

in
g
re
s
s
 p
ro

te
c
ti
o
n
 

te
s
t

M
e
c
h
a
n
ic
a
l 
d
u
ra
b
il
it
y
 

te
s
t 

B
a
tt
e
ry
 d
u
ra
b
il
it
y
 

I l l um i nance  meter  
- -  

Cos i ne-corrected ;  
≤  0 , 1  l u x  preci s i on ;  
V(λ)  corrected  

   B  B             

I l l um i nance  meter wi th  
data- l og g i ng  capabi l i ty   

- -  

Cos i n e-corrected ;  
≤  0 , 1  l u x  preci s i on ;  
V(λ)  corrected ;  
≥  20  000  data  po i n ts  
s tored  at  ≤  1  secon d  t i me  
resol u ti on  

      ●           

DC power su ppl y  Be  su re  th e  power suppl y  
can  suppl y  h i gh  enough  
cu rren t  an d  vo l tage  val ues  
for  the  DU Ts  tested .  

≤  0 , 0 1  V  vo l tage  
resol u t i on ;   
≤  0 , 001  A  cu rren t  
resol u t i on ;  
≤  0 , 2  %  l oad  regu l at i on  

   ●  ●        ○      

DC power su ppl y,  wi th  
prog rammable  capabi l i ty  

Be  su re  th e  power suppl y  
can  suppl y  h i gh  enough  
cu rren t  and  vo l tage  val ues  
for  the  DU Ts  tested .  

≤  0 , 0 1  V  vo l tage  
resol u t i on ;   
≤  0 , 001  A  cu rren t  
resol u t i on ;  
≤  0 , 2  %  l oad  regu l at i on  

        
●  
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Table  CC.2  (5 of 8)  

Equ ipment  Recommendations  Requ i rements  

Test  method  
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Solar array s imu lator  
- -  

≤  5  %  cu rren t  accu racy at  
a  cu rren t  equal  to  h al f  th e  
maxim um-power cu rren ta          

○  

  
○  

    

Seri es  an d  paral l e l  
res i s tors  

Use  vari abl e  res i s tors  res i stance  wi th i n  1  %  of  
cal cu l ated  val ue          

●  
  

○  

    

Resi stance  meter  o r  
mu l t i meter 

- -  ≤  1  %  accu racy  

        
●  

       

DC  power suppl y  Be  su re  the  power suppl y 
can  su ppl y  h i gh  en ough  
cu rren t  and  vo l tage  val ues  
for  the  DUTs  tested .  

≤  0 , 01  V  vo l tage  
resol u ti on ;   
≤  0 , 001  A  cu rren t  
resol u ti on ;  
≤  3  %  l oad  regu l at i on  

            
●  
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Table  CC.2  (6 of 8)  

Equ ipment  Recommendations  Requ i rements  

Test  method  
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DC ammeter Cu rren t-sensi ng  shun t  
res i s tor  

≤  1  %  accu racy  
            ●     

DC ammeter - -  ≤  1  %  accu racy     ●  ●             

DC ammeter or  mu l t imeter - -  ≤  0 , 0 1  mA preci s i on             ●      

Stopwatch  - -  ≤  1  secon d  reso l u t i on            ●     ●   

Ri g i d  probes  
- -  

1  mm  d i ameter and   
1 2 , 5  mm  d iameter 

             ●    

Capaci tor f i l ter Capaci tor f i l ter  shou l d  be  
so l dered  on  perforated  
prototypi n g  board  or  
equ i val en t,  o r  on  a  pri n ted  
c i rcu i t  board  (PCB) .  

1  µF,  1 0  µF,  and  1 00  µF 
(±20  %)  capaci tors  i n  
paral l e l  (ceram ic  ch i p  or  
tan tal u m)  

   ●          ●     

Battery  anal yser  - -  ≤  1  %  accu racy       ●  ●  ○          

Low-vo l tag e  d i scon nect  
devi ce  

- -  ≤  2 , 5  % accu racy  
       ○          

Ti mer  d i scon nect  devi ce  Combin e  d i g i tal  t im er  wi th  
re l ay 

≤  2  m i n  preci s i on  
       ○   ●        
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Table  CC.2  (7 of 8)  

Equ ipment  Recommendations  Requ i rements  

Test  method  
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Appropri ate  opti cal  cavi ty  
or  dark room/closet   

Ph otom eter  box  The  magn i tude  o f  s tray 
l i g h t’ s  i n fl u ence  on  th e  
absol u te  l i g h t  ou tpu t  
measu remen ts  shal l  be  n o  
g reater  th an  0 , 5  % o f  the  
m i n i m um  l i g h t  ou tpu t  
magn i tu de  bei ng  
measu red  du ri ng  the  test.  

      ●       ●     

Vol tage  data l og ger  

- -  

≤  1  mV resol u ti on ;   
≤  2  mV ±  2 , 5  % accu racy  
≥  20  000  data  po i n ts  
s tored  at  ≤  1  m i n  t i me  
resol u ti on  

      ●   ●  ●  ●  ●      

Curren t  data  l ogger Combin e  vo l tage  data 
l og ger wi th  cu rren t  
t ransducer or  cu rren t  
shu n t  

≤  1  mA resol u ti on ;   
≤  3  %  accu racy  
≥  20  000  data  po i n ts  
s tored  at  ≤  1  m i n  t i me  
resol u ti on  

      ●   ●  ●  ●  ●      

Overcharge  d i sconnect  
devi ce  

Temperatu re  and /or  
vo l tage  sensi ng ;  operat i n g  
vo l tage  ran ge  su ff i ci en t  for  
h i g hest  expected  battery  
vo l tage  ( typi cal l y  <  20  V) .  

0,01  V resolution  

        ●  ●   ●      
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Table  CC.2  (8 of 8)  

Equ ipment  Recommendations  Requ i rements  

Test  method  
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Con tro l l ed  water  sou rce  - -  ro tati ng  head  ±60°                ●    

Tape  measu re  or  ru l er  - -  ≥  1  m                ●   

Weigh t  - -  2  kg  ●  

Protractor   - -  - -  ●  

Clamp - -  - -  ●  

45  deg ree  ang le  Wooden  bl ock - -  ●  

Resi stor  

- -  

≤  5  %  to l erance;  
s i ze  and  power rat i ng  
depen den t  on  DUT's  
battery  

               
●  

Oven  or  en vi ronm en tal  
chamber - -  

Able  to  mai n tai n  60  °C  ±  
5  °C  and  30  °C  ±  5  °C                

●  ●  

a   Some  commerci al  so lar  array s i mu lators  are  des i gned  for  l arge  modu l es  and  are  n ot  accu rate  at  the  l ow cu rren ts  typi cal l y  seen  wi th  s tand -alone  l i g h ti ng  ki ts .  For  exam ple,  an  
SAS  wi th  a  rated  accu racy o f  ±(0 , 2  %  +  20  mA)  wou l d  no t  n ecessari l y  be  appropri ate  to  s i mu late  a  modu l e  wi th  a  maxi mum  power po i n t  cu rren t  o f  1 00  mA.  I f  the  
manu factu rer-provi ded  measu remen t  u ncertai n ty  i s  i nsu ffi ci en t  to  meet  th i s  requ i rem en t,  the  i ns trumen t  may be  u sed  i f  the  s i mu lated  I -V  cu rve  i s  measu red  to  veri fy  that  the  
cu rren t  val ues  are  wi th i n  5  % o f  the  actual  I -V  cu rve  at  al l  po i n ts  where  the  actual  cu rren t  i s  g reater  than  hal f  the  maximum  power po i n t  cu rren t.  Th i s  test  shal l  be  performed  
each  t i me  the  SAS  i s  set  up  to  test  a  new DU T.  
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Annex DD 
(normative)  

 
Protection  tests  

 

DD.1  Background  

Annex DD  con tains  test  methods  to  assess  the  robustness  of  the  stand-alone  l i gh ti ng  ki t  to  
fau l ts ,  i nclud ing  i ncorrect  wi ri ng  and  a  d i sconnected  battery.  To  meet  the  requ i rements  of  
these  tests,  the  product  shal l  wi thstand  the  fau l t  cond i ti on  wi thou t  being  damaged  or  
presen ti ng  a  safety hazard.  

DD.2  Test  outcomes 

The  test  ou tcomes  of  the  protecti on  tests  are  l i s ted  i n  Table  DD. 1 .  

Table  DD.1  – Protection  test  outcomes 

Metric  Reporting  un i ts  Related  aspects  Remarks  

Presence  o f  su ff i ci en t  PV 
overvol tage  protecti on  

pass/fai l  4 . 2 . 7 . 3  C i rcu i t  and  
overl oad  protecti on  

Overal l  pass/fai l  resu l t  for  
en t i re  DU T 

PV overvol tag e  protecti on  
test  damag e  

Yes/no ,  descri pt i on  4 . 2 . 7. 3  Ci rcu i t  and  
overl oad  protecti on  

One  resu l t  for  every 
receptacl e  o r  i n teg rated  
o r  permanen tl y  attached  
appl i ance  

PV overvol tag e  protecti on  
test  safety h azard  

Yes/no ,  descri pt i on  4 . 2 . 7. 3  Ci rcu i t  and  
overl oad  protecti on  

One  resu l t  for  every 
receptacl e  o r  i n teg rated  
o r  permanen tl y  attached  
appl i ance  

PV overvol tag e  protecti on  
test  receptacl e  al l owable  
vo l tage  l i m i t  

Vo l tage  (V)  4 . 2 . 7 . 3  C i rcu i t  and  
overl oad  protecti on  

One  resu l t  for  every 
receptacl e  

PV overvol tag e  protecti on  
test  receptacl e  vo l tage  

Vo l tage  (V)  4 . 2 . 7. 3  Ci rcu i t  and  
overl oad  protecti on  

One  resu l t  for  every 
receptacl e  

PV overvol tag e  protecti on  
fau l t  i nd i cati on  

Yes/no ,  descri pt i on  4 . 2 . 7 . 3  Ci rcu i t  and  
overl oad  protecti on  

S i n g l e  resu l t  for  en ti re  
DUT 

Presence  o f  su ff i ci en t  
m i swi ri ng  protecti on  

pass/fai l  4 . 2 . 7 . 3  C i rcu i t  and  
overl oad  protecti on  

Overal l  pass/fai l  resu l t  for  
en t i re  DU T 

M i swi ri ng  protecti on  test  
damage  

Yes/no ,  descri pt i on  4 . 2 . 7. 3  Ci rcu i t  and  
overl oad  protecti on  

One  resu l t  for  every 
tested  con fi gu rati on  

M i swi ri ng  protecti on  test  
safety  h azard  

Yes/no ,  descri pt i on  4 . 2 . 7 . 3  C i rcu i t  and  
overl oad  protecti on  

One  resu l t  for  every 
tested  con fi gu rat i on  

M i swi ri ng  protecti on  test  
fau l t  i nd i cati on  

Yes/no ,  descri pt i on  4 . 2 . 7. 3  Ci rcu i t  and  
overl oad  protecti on  

One  resu l t  for  every 
tested  con fi gu rati on  

 

DD.3  Related  tests 

The  protection  tests  use  resu l ts  from  the  photovol taic  modu le  I -V performance  test  (Annex Q) .  
The  maximum  sustained  cu rren t  calcu lated  i n  the  ou tpu t  overload  protection  test  (DD.4. 3)  i s  
used  i n  the  assessment  of  DC  ports  (Annex EE) .  
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DD.4 Procedure 

DD.4.1  PV overvol tage protection  test  

DD.4.1 .1  General  

The  open-ci rcu i t  vol tage  of  a  PV modu le  can  be  s i gn i fi can tly  h i gher than  the  normal  operating  
vo l tage  of  the  system  when  a  battery i s  connected .  I f  not  properly  regu lated ,  th is  has  the  
poten tial  to  cause  damage  i f  appl ied  to  system  componen ts.  Add i ti onal l y,  i f  a  port  vo l tage  
exceeds  a  certain  value  above  the  nom inal  design  vo l tage  for  that  port,  appl iances  connected  
to  that  port  can  be  damaged.  Th is  vol tage  i s  defi ned  here  as  the  al l owable  port  vo l tage  l im i t.  

The  PV overvol tage  protection  test  assesses  whether the  DUT 

•  can  wi thstand  a  PV overvol tage  cond i t ion ,  

•  provides  su ffi ci en t  protection  to  appl iances  i f  the  system  battery i s  d i sconnected ,  and   

•  provides  a  mechan ism  for  alerting  the  user to  the  fau l t  cond i tion .  

The  PV overvol tage  protection  test  need  not  be  conducted  i f  both  of  the  fo l lowing  are  true.  

•  The  battery cannot  be  i solated  from  the  system  by the  consumer or  i nstal l i ng  techn ician  
wi thou t  open ing  an  enclosu re  that  i s  not  i n tended  to  be  opened  during  i nstal lation ,  
operation ,  or main tenance.  

•  The  battery i s  connected  to  the  system  in  such  a  way that  i t  i s  un l i kely  to  become  
d isconnected  during  sh ipping ,  i nstal lation ,  or  normal  operation  and  main tenance.  (The  
battery may be  replaceable  by a  techn ician  us ing  ord inary tools ,  as  l ong  as  the  connector 
or  o ther  means  of  d i sconnecting  the  battery i s  not  accessible  to  the  consumer during  
ord inary use. )  

NOTE  Th ese  cond i t i ons  are  expected  to  appl y  to  many DUTs;  th erefore,  i t  i s  expected  th at  the  PV overvo l tage  
protect i on  test  wi l l  be  performed  i n frequen tl y.  

DD.4.1 .2  Equ ipment  requ irements 

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  DC  power supply.  

•  DC  vo l tmeter  or  mu l t imeter.  

DD.4.1 .3  Test  prerequ isi tes  

The  vi sual  screen ing  (Annex F)  and  photovol taic  modu le  I -V performance  test  (Annex Q)  shal l  
be  performed  before  perform ing  the  PV overvol tage  protection  test.  

DD.4.1 .4  Procedure 

Perform  the  fo l lowing  steps.  

a)  Determ ine  the  al l owable  port  vo l tage  l im i t  for  each  port,  us ing  the  fo l l owing  procedure.  

1 )  I f  the  nominal  vol tage  of  the  port  ( from  Annex EE)  i s  l i s ted  i n  Table  DD.2,  use  the  
al lowable  port  vo l tage  l im i t  from  Table  DD.2.  

2 )  I f  the  nom inal  vo l tage  of  the  receptacle  i s  not  l i s ted  i n  Table  DD. 2,  determ ine  an  
appropriate  vo l tage  l im i t  us ing  any avai lable  i n formation  abou t  the  loads  i n tended  or 
expected  to  be  connected  to  the  receptacle,  taking  i n to  accoun t  any existi ng  
conven tions  or  s tandards  as  wel l  as  any markings  on  or  documentation  provided  wi th  
the  product.  
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Table  DD.2  – Al lowable port  vol tage l imi t  by nominal  vol tage 

Nominal  port  vol tage   
V  

Al lowable  port  vol tage  l im i t  
V  

5  5 , 25  

6  7 , 90  

1 2  1 5 , 8  

 
b)  Calcu late  the  maximum  open-ci rcu i t  vo l tage  of  the  PV modu le  using  the  fo l lowing  formu la:  

 

where  

Voc, m ax  i s  the  maximum  open-ci rcu i t  vo l tage  for the  PV overvol tage  protection  test,  i n  
vo l ts  (V) ;  

Voc, STC  i s  the  measured  open-ci rcu i t  vo l tage  at  STC,  i n  vol ts  (V) ;  

Voc, TMOT  i s  the  measured  open-ci rcu i t  vo l tage  at  TMOT,  i n  vo l ts  (V) .  

NOTE  Th i s  i s  an  est im ate  o f  the  open -ci rcu i t  vo l tag e  at  0  °C.  

c)  D isconnect  al l  removable  appl iances  from  the  DUT.  

d )  D isconnect  the  battery from  the  DUT.  

e)  Connect  a  DC  power supply  to  the  PV i npu t  connector  of  the  DUT.  

f)  Apply  a  vol tage  equal  to  the  maximum  open-ci rcu i t  vo l tage  calcu lated  i n  b) .  Set  the  
cu rren t  l im i t  to  the  short-ci rcu i t  cu rren t  of  the  PV modu le  measured  at  STC.  

g )  I f  the  DUT provides  an  i nd ication  of  the  fau l t  cond i t ion  ( for  example,  a  warn ing  l i gh t,  error 
code,  or aud ible  alarm) ,  note  the  type  of  i nd ication .  

h )  Measure  and  record  the  vo l tage  at  each  port.  Before  measuring ,  perform  any actions  
necessary to  tu rn  on  that  port.  (For example,  i f  a  DC  socket i s  con trol led  by a  swi tch ,  tu rn  
the  swi tch  on . )  I f  the  DUT has  mu l t iple  i den ti cal  ports,  i t  i s  on ly  necessary to  test  one  port  
from  each  set  o f  i den ti cal  ports.  

i )  Tu rn  on  any power swi tches  for any permanently  connected  or i n tegrated  appl iances  ( for  
example,  an  i n ternal  rad io  or  permanently-wi red  l i gh t) .   

j )  Al l ow the  permanentl y  connected  or  i n teg rated  appl iances  to  remain  tu rned  on  wi th  the  
power supply  appl ied  for 20  m in ,  regard less  of  whether the  appl iance  functions,  un less  a  
safety  hazard  develops  (e . g . ,  smoke  or a  bu rn ing  smel l ) .  Record  any abnormal  operation .  

k)  Tu rn  off  the  power supply.  

l )  Reconnect  the  battery to  the  DUT.  

m)  Test  the  functional i ty  of  the  DUT.  I f  the  DUT no  longer functions:  

1 )  I f  the  problem  can  be  i den ti f ied  and  repai red  by fo l l owing  i nstructi ons  i n  the  user 
documentation  (e. g .  replacing  a  b lown  fuse  or  resetting  a  tri pped  ci rcu i t  breaker) ,  us ing  
no  too ls  except a  screwdriver used  to  remove  and  i nsert  screws,  wi thou t  creati ng  a 
safety hazard ,  repai r  the  fau l t.  On ly spare  parts  i ncluded  wi th  DUT may be  used .  (For 
example,  i f  a  fuse  i s  b lown ,  and  the  manu factu rer d id  not  supply  replacement  fuses,  
the  DUT fai l s  the  test. )  I f  the  DUT i s  functi onal  after  the  repai r,  and  the  repai r  can  be  
conducted  wi thou t  exposing  the  person  conducting  the  repai r  to  a  safety  hazard ,  the  
DUT does  not  fai l  the  test.  

2)  I f  the  problem  can  be  easi l y  i den ti f ied  and  repai red  by the  test  laboratory,  bu t  requ i res  
steps  not  documented  i n  the  user documentation ,  tools  other than  a  screwdriver  used  
to  remove  and  i nsert  screws,  or  spare  parts  not  i ncluded  wi th  the  DUT,  the  DUT fai l s  
the  test.  However,  the  test  laboratory may,  at  i ts  d i scretion ,  repai r  the  fau l t  and  
con ti nue  the  test.  

3 )  I n  the  test  report,  describe  any repai rs  made.  
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n )  Record  whether the  DUT remains  functi onal  at  the  end  of  the  test,  whether any damage 
occurred ,  and  whether any user safety  hazard  i s  presen t.  Describe  any fai l u res  and  take  
photographs  of  any vis ible  damage  or safety hazards.  

o)  The  DUT i s  considered  to  have  su ffi ci en t  protection  from  PV overvol tage  i f  al l  o f  the  
fo l l owing  are  true.  

– Al l  featu res  of  the  DUT,  i nclud ing  permanently  connected  or  i n tegrated  appl iances,  
remain  functional  at  the  end  of  the  test.  

– No  safety  hazard  developed  during  or  after  the  test.  

– The  vo l tage  measured  at  each  port  d id  not  exceed  the  al l owable  vo l tage  l im i t  
calcu lated  i n  s tep  a)  above.  

The  DUT i s  not  requ i red  to  function  normal l y  duri ng  the  test,  al though  any abnormal  operati on  
shou ld  be  noted  i n  the  test  report.  The  DUT i s  not  requ i red  to  provide  i nd ication  of  the  fau l t  
cond i ti on  ( for  example,  a  warn ing  l i gh t,  error code,  or  aud ible  alarm) ,  bu t  any such  i nd ication  
shou ld  be  noted  and  described .  

DD.4.2  Miswiring  protection  test  

DD.4.2.1  General  

Th is  test  assesses  whether the  DUT i s  protected  against  improper wi ri ng  and  system  
component  connections.  I n  many cases,  i t  i s  i n feasible  to  test  every possible  combination  of  
i ncorrect  connections,  so  th is  procedure  attempts  to  i den ti fy  and  test  con fi gu rations  that  are  
l i kely to  occu r du ring  i nstal lation ,  operation ,  and  rou tine  main tenance.  

DD.4.2.2  Test  prerequ isi tes  

The  visual  screen ing  (Annex F)  and  photovol taic  modu le  I -V performance  test  (Annex Q)  shal l  
be  performed  before  perform ing  the  m iswi ring  protecti on  test.  

DD.4.2.3  Equ ipment  requ irements  

The  m iswi ring  protection  test  requ i res  a  DC  power supply  meeting  the  requ i rements   
i n  Table  CC.2.  

DD.4.2.4  Procedure 

a)  I den ti fy  the  connectors  subject  to  the  m iswi ring  protecti on  test.  A connector  shal l  be  
tested  i f  both  of  the  fo l lowing  are  true.  

– The  connector i s  accessible  to  the  user or  i nstal ler  du ring  normal  i nstal lation ,  
operati on ,  and  rou ti ne  main tenance.  (A compartment  or enclosure  i s  considered  
"accessible"  i f  i t  can  be  opened  wi thou t  the  use  of  any tools ,  or  i f  i t  i s  opened  at  any 
t ime  du ring  the  normal  processes  of  i nstal lation ,  operati on ,  or rou ti ne  main tenance. )  

– The  connector  can  be  i nserted ,  assembled ,  or  mated  i ncorrectl y ( for  example,  
backwards)  wi thou t  excessive  force  or  mod i fi cation ,  and/or  the  connector  can  be  
i nserted  i n to  or  mated  wi th  a  receptacle  or  connector  other than  those  wi th  wh ich  i t  i s  
i n tended  to  be  used .  

Examples  of  s i tuations  requ i ring  testi ng :  

EXAMPLE  1  The  PV modu le  an d  l i g h ti ng  appl i ances  h ave  the  same  type  o f  p l ug ,  so  one  can  be  i n serted  i n to  the  
socket  i n tended  for  another.  

EXAMPLE  2  The  battery,  moun ted  i n  a  user-accessi bl e  en cl osu re  (as  defi ned  above) ,  i s  conn ected  to  the  charge  
con tro l l er  u s i ng  qu i ck-d i sconnect  l ugs ,  and  the  pos i t i ve  an d  negati ve  l eads  are  phys i cal l y  i n terchan geable .  

Examples  of  s i tuations  not  requ i ring  testing :  
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EXAMPLE  3  The  battery  i s  moun ted  i n  an  encl osu re  that  i s  not  i n tended  to  be  accessed  by  the  u ser or  i ns tal l er.  
I n  th i s  case,  the  battery  conn ector  does  not  requ i re  testi ng .  

EXAMPLE  4  The  ki t  i ncl udes  several  d i f feren t  appl i ances  wi th  USB  pl ugs  and  fou r  U SB  sockets  i n tended  for  
connecti n g  appl i ances.  Al thoug h  a  g i ven  appl i ance  cou l d  be  connected  to  an y o f  the  fou r  sockets ,  th i s  wou l d  not  be  
an  i n correct  con necti on ,  so  i t  does  n ot  requ i re  testi n g .  

EXAMPLE  5  The  ki t  i ncl udes  a  non -polari zed  connector  that  i s  des i g ned  to  functi on  correctl y  when  connected  i n  
e i ther  d i rect i on .  (For  exam ple,  a  non -po lari zed  AC  pl u g  or  a  p l ug  wi th  a  symmetri cal  arran gemen t  o f  con tacts . )  

b)  I den ti fy  each  i ncorrect  con fi gu rati on  to  be  tested ,  us ing  the  fo l l owing  ru les.  

– I n  these  ru les,  a  pai r  i s  defined  as  a  posi t i ve  and  negative  lead  from  the  same ci rcu i t.  

– The  fo l lowing  con figu rations  shal l  be  tested .  

•  The  conductors  making  up  a s i ng le  pai r  are  swapped  (e. g .  the  battery i s  connected  
i n  reverse  po lari ty) .  

•  A  s ing le  connector or  pai r  o f  conductors  i s  matched  wi th  the  wrong  mating  
connector,  and  al l  o ther connections  are  made  correctly  (e. g .  the  PV modu le  i s  
connected  to  an  appl iance  receptacle) .  

•  Two  connectors  or  pai rs  of  conductors  are  swapped  (e. g .  the  battery i s  connected  
to  the  PV i npu t  and  the  PV modu le  i s  connected  to  the  battery i npu t) .  

•  A  s ing le  connector i s  i nserted  i n  the  wrong  orien tation  (e. g .  the  battery connector  i s  
i nserted  backwards)  

– Combinations  of  the  above  s i tuations  (e. g .  both  battery and  PV modu le  are  connected  
i n  reverse  po lari ty)  need  not  be  tested .  

– I f  mu l ti ple  connectors  are  functional l y  i den ti cal ,  on ly  one  connector i s  requ i red  to  be  
tested .  For example,  i f  the  DUT i ncludes  four i den ti cal  sockets  for connecting  
appl iances,  and  a  PV connector  that  f i ts  i n  the  appl iance  sockets,  the  PV connector 
shal l  be  tested  i n  one  of  the  fou r appl iance  sockets.  Testing  of  the  other  th ree  sockets  
i s  optional .  

– Al l  requ i red  con figurations  shal l  be  tested  prior  to  testing  any optional  con fi gu rati ons,  
s i nce  the  test  can  be  destructi ve.  

– I n  add i ti on  to  the  con figu rations  tested  above,  the  test  l aboratory shou ld  test  any 
add i ti onal  con fi gurations  i f,  i n  the  tester’s  j udgment,  the  con figuration  i s  l i kely  to  occu r 
du ring  i nstal lation ,  use,  or rou ti ne  main tenance.  

– I f  the  testing  l aboratory determ ines  that  a  con fi gu ration  wi l l  resu l t  i n  a  safety  hazard  to  
property  or  personnel ,  the  l aboratory shou ld  not  test  that  con fi gu rati on .  I f  th i s  i s  a  
requ i red  con figuration ,  the  DUT fai l s  the  test.  (For example,  i f  reversing  a  connector 
wou ld  resu l t  i n  a  short-ci rcu i t  path  across  the  battery wi th  no  overcurren t  protection ,  
the  con figu ration  shou ld  not  be  tested . )  

– I t  i s  not  necessary to  test  con figu rations  i n  wh ich  excessive  force  or  modi fi cations  to  
the  DUT wou ld  be  requ i red  to  make  connections,  provided  that  no  e lectri cal  con tact  
occurs  un less  excessive  force  i s  appl ied  or  mod i fi cations  are  performed.  (For example,  
i f  the  battery and  PV modu le  use  connectors  of  d i fferen t  s i zes  or  shapes,  a  
con fi gu rati on  i n  wh ich  these  connectors  are  swapped  need  not  be  tested . )  "Excessive  
force"  i s  defi ned  as  su ffi cien t  force  to  physical l y  damage  the  DUT i n  a  way that  wou ld  
be  apparen t  to  a  typical  user.  I f  a  connector  can  be  forced  i n to  a  socket  wi thou t  
causing  obvious  damage,  even  i f  non-obvious  damage  (e. g .  ben t  pi ns  or  con tacts)  
occurs,  th is  con fi gu rati on  shal l  be  tested .  

c)  Connect  the  product’s  PV i npu t  to  any of  the  apparatus  al lowed  i n  the  charge  con trol ler 
behaviour  test  (Annex S)  ( i . e .  a  power supply wi th  a  series  resistor and ,  optional l y,  a  
paral le l  res istor) .  Con figure  the  apparatus  as  i n  the  charge  con trol ler  behaviour test.  
Veri fy  that  the  DUT functi ons  correctly.  

d )  For  each  i ncorrect  wi ri ng  con fi gu rati on  i den ti fi ed  i n  b) ,  perform  the  fo l lowing  steps:  

1 )  Configure  the  DUT accord ing  to  the  i ncorrect  wi ring  con fi gu ration  under test.  ( I f  
necessary for  safety,  d i sconnect  the  battery and/or PV i npu t  before  making  wi ring  
con fi guration  changes. )  

2)  Reconnect  and  tu rn  on  the  power supply  s imu lati ng  the  PV modu le.  
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3 )  Al l ow the  DUT to  remain  connected  for  20  m in ,  un less  a  safety  hazard  develops  (e. g . ,  
smoke  or  a  burn ing  smel l ) .  The  DUT i s  not  requ i red  to  functi on  correctl y  wh i le  
con fi gu red  i ncorrectl y.  

4)  I f  the  DUT provides  an  i nd ication  of  the  fau l t  cond i ti on  ( for example,  a  warn ing  l i gh t,  
error  code,  or  aud ible  alarm) ,  note  the  type  of  i nd ication .  

5)  Restore  the  DUT to  the  correct  wi ring  con figuration .  ( I f  necessary for  safety,  
d i sconnect  the  battery and/or  PV i npu t  before  making  wi ri ng  con fi gu rati on  changes. )  

6)  I f  a  safety hazard  develops,  d i sconnect  the  battery and  PV i npu t  from  the  DUT and  
d iscon ti nue  the  test.  

7)  Test  the  functional i ty  of  the  DUT.  I f  the  DUT no  l onger functions:  

i )  I f  the  problem  can  be  i den ti fi ed  and  repai red  by fo l l owing  i nstructions  i n  the  user 
documentation  (e . g . ,  replacing  a  b lown  fuse  or resetti ng  a  tri pped  ci rcu i t  breaker) ,  
us ing  no  too ls  except  a  screwdriver used  to  remove  and  i nsert  screws,  wi thou t  
creating  a  safety  hazard ,  repai r  the  fau l t.  On ly  spare  parts  i ncluded  wi th  DUT may 
be  used .  (For example,  i f  a  fuse  i s  b lown ,  and  the  manu factu rer d i d  not  supply 
replacement fuses,  the  DUT fai l s  the  test. )  I f  the  DUT i s  functional  after  the  repai r,  
and  the  repai r  can  be  conducted  wi thou t  exposing  the  person  conducting  the  repai r  
to  a  safety  hazard ,  the  DUT does  not  fai l  the  test.  

i i )  I f  the  problem  can  be  easi l y  i den ti f i ed  and  repai red  by the  test  laboratory,  bu t  
requ i res  steps  not  documented  i n  the  user documentation ,  too ls  other than  a 
screwdriver used  to  remove  and  i nsert  screws,  or  spare  parts  not  i ncluded  wi th  the  
DUT,  the  DUT fai l s  the  test.  However,  the  test  l aboratory may,  at  i ts  d i screti on ,  
repai r  the  fau l t  and  con tinue  the  test.  (For example,  i f  a  replacement  fuse  i s  
requ i red ,  the  test  laboratory may replace  the  fuse,  con ti nue  the  test,  and  state  i n  
the  report  that  the  DUT fai led  the  test,  bu t  wou ld  have  passed  the  test  had  spare  
fuses  been  i ncluded) .  

i i i )  I n  the  test  report,  describe  any repai rs  made.  

8)  Record  whether the  DUT remains  functional  at  the  end  of  the  test,  whether any 
damage  occurred ,  and  whether any user  safety  hazard  i s  present.  Describe  any 
fai lu res  and  take  photographs  of  any vi s ible  damage  or  safety hazards.  

The  DUT passes  the  m iswi ri ng  protection  test  i f  i t  remains  functi onal  after the  fi nal  i ncorrect  
con fi gurati on  i s  tested  and  no  safety  hazards  developed  du ring  the  test.  The  DUT i s  not  
requ i red  to  function  normal l y  duri ng  the  test,  al though  any abnormal  operation  shou ld  be  
noted  i n  the  test  report.  The  DUT i s  not  requ i red  to  provide  i nd icati on  of  the  fau l t  cond i ti on  
( for  example,  a  warn ing  l i gh t,  error code,  or  aud ible  alarm) ,  bu t  any such  i nd ication  shou ld  be  
noted  and  described .  

DD.4.3  Output  overload  protection  test  

DD.4.3.1  General  

Th is  test  assesses  whether the  DUT i s  protected  against  excessive  load  or  short  ci rcu i ts  
appl i ed  to  the  appl iance  ports.   

NOTE  Th i s  test  can  be  condu cted  us i ng  the  same  apparatus  as  th e  assessmen t  of  DC  ports  (An nex  EE) .  

DD.4.3.2  Test  prerequ isi tes  

The  vi sual  screen ing  (Annex F)  and  photovol taic  modu le  I -V performance  test  (Annex Q)  shal l  
be  performed  before  perform ing  the  ou tpu t  overload  protection  test.  

DD.4.3.3  Equ ipment  requ irements 

The  fo l lowing  equ ipment  i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  DC  power supply.  
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•  Two  DC  ammeters  or  mu l t imeters.  

•  Two  DC  vo l tmeters  or  mu l timeters.  

I n  some cases.  i t  can  be  necessary to  use  mu l ti ple  laboratory power suppl ies  i n  paral le l  to  
ach ieve  the  requ i red  cu rren t.  Un less  otherwise  speci fied  by the  power supply  manu facturer,  a  
d iode  shou ld  be  used  at  the  ou tpu t  of  each  power supply to  preven t  backfeed ing .  I f  the  power 
suppl ies  do  not  i nclude  cu rren t-sharing  functional i ty,  set  one  power supply  to  constant-vol tage  
mode  to  con tro l  the  vo l tage  and  set  the  remain ing  power suppl i es  to  constan t-curren t  mode  
wi th  a  vol tage  l im i t  not  exceed ing  the  battery’s  overcharge  protection  vo l tage  th reshold ,  as  
measured  i n  the  charge  con tro l ler  behaviour test  (Annex S) .  

The  cu rren ts  requ i red  i n  th is  test  can  exceed  the  maximum  range  of  many mu l timeters.  I n  th is  
case,  a  curren t  transducer or  curren t  sense  resistor and  vo l tmeter  may be  used  i nstead  of  an  
ammeter or  mu l timeter.  The  vo l tage  shou ld  be  measured  at  the  DUT to  compensate  for  the  
vo l tage  d rop across  the  ammeter or  cu rren t  sense  resistor.  

I f  an  e lectron ic  l oad  i s  used ,  and  the  e lectron ic  l oad  con tains  curren t  and  vol tage  
measurement  functional i ty  that  meets  the  requ i rements  for  DC  ammeters  and  vo l tmeters  i n  
Table  CC.2  after  accoun ti ng  for  any vo l tage  drop  between  the  port  and  the  l oad ,  th is  
functional i ty  may be  used  i nstead  of  an  ammeter and/or vo l tmeter  at  the  port.  

The  e lectron ic  l oad  shal l  be  galvan ical l y  i so lated  from  the  power supply  i f  th is  i s  necessary i n  
order to  avoid  al tering  the  behaviour of  the  DUT.  

DD.4.3.4  Procedure 

Perform  the  fo l l owing  steps  for  each  port  under test.  I f  the  DUT has  mu l ti ple  i den ti cal  ports,  i t  
i s  on ly  necessary to  test  one  port  from  each  set  of  i den tical  ports.  I n  the  fo l lowing  procedure,  
the  term  "overload  protection  device"  refers  to  a  fuse,  ci rcu i t  breaker,  PTC  device,  o ther 
overcurren t  protecti on  device,  thermal  fuse,  thermal  swi tch ,  or  o ther  thermal  protecti on  
device) .  

a)  Determ ine  the  maximum  testing  curren t  for  each  port,  us ing  the  fo l l owing  ru les .  

1 )  I f  the  manu facturer  suppl ied  a  maximum  curren t  rati ng  or  overcurren t  protection  l im i t  
for  the  port,  the  maximum  testi ng  cu rren t  i s  1 25  % of  the  manu factu rer-provided  value.  
I f  more  than  one  value  was  g iven  by the  manu factu rer ( for  example,  a  nom inal  curren t  
value  and  an  overcurrent  protection  l im i t) ,  use  the  l argest  value.  

2)  I f  a  curren t  rati ng  or overcurren t  protection  l im i t  for  the  port  i s  g i ven  i n  the  user 
documentation  or  product  packag ing  or marked  on  the  product  or on  an  i n ternal  
componen t  (such  as  a  fuse  or  ci rcu i t  breaker) ,  the  maximum  testing  cu rren t  i s  1 25  % of  
the  value  g i ven  i n  the  documentation  or  marked  on  the  product  or  component.  

3 )  I f  no  rati ng  was  g i ven  and  no  markings  can  be  found ,  calcu late  the  h ighest  power 
consumption  that  cou ld  be  ach ieved  using  a combination  of  the  i ncluded  and  
adverti sed  appl iances  that  can  be  powered  s imu l taneously us ing  the  port  and  al l  
i den tical  ports,  plus  any spl i tters  or  s im i lar  componen ts  that  are  i ncluded  or  adverti sed  
for  use  wi th  the  port.  Use  Annex HH  to  determ ine  the  power consumption  of  
appl iances  that  are  not  i ncluded  i n  the  ki t.  D i vi de  the  total  power consumption  by the  
nom inal  port  vol tage  (Annex EE)  and  mu l t iply  by 1 , 25  to  calcu late  the  maximum  testi ng  
cu rren t.  

4)  For  USB or  5  V mobi le-phone  charg ing  receptacles,  the  maximum  testing  cu rren t  shal l  
not  be  less  than  1 , 875  A.  

b)  Use  a l aboratory power supply  to  power the  DUT power con tro l  un i t  accord ing  to  Annex H .  
Set  the  power supply to  the  DUT standard  operating  vol tage  as  described  i n  H .5. 1 .  
Measure  the  vo l tage  as  close  to  the  DUT as  possible  and  ad just  the  power supply  to  
compensate  for  vol tage  d rop  i n  the  wi res,  ammeter,  and  paral le l i ng  d i odes  i f  used .   

c)  Tu rn  on  the  power supply  and  veri fy  that  the  DUT i s  functi onal .  
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d )  Connect  an  ad justable  l oad  to  the  port  under test.  The  l oad  shou ld  have  a  cu rren t  and  
power ratings  su ffi cien t  to  ach ieve  the  maximum  testi ng  cu rren t  at  the  port’s  ou tpu t  
vo l tage.  

e)  Ad just  the  l oad  i n  order to  f i nd  the  l argest  curren t,  l ess  than  or  equal  to  the  maximum  
testing  cu rren t,  that  does  not  resu l t  i n  the  tri gger of  an  overload  protection  device  after 
20  m in  of  operation .  Th i s  i s  the  maximum  sustained  cu rren t.  I t  i s  on ly  necessary to  test  
mu l ti ples  of  5  % of  the  maximum  testi ng  cu rren t.  The  test  l aboratory may use  any 
algori thm  to  i den ti fy  the  maximum  sustained  cu rren t,  i nclud ing  the  fo l lowing .  

– Starti ng  at  a  l ow value  and  s lowly  i ncreasing  the  curren t  un ti l  the  overload  protection  
device  i s  tri ggered .  Th is  method  can  be  preferable  i f  the  overload  protecti on  device  i s  
a  fuse  that  needs  to  be  replaced  after each  operation ,  or  i f  the  overload  protection  
device  requ i res  a  l ong  cool -down  period  to  reset.  

– Starti ng  at  a  h i gh  value  and  s lowly  decreasing  the  cu rren t  un ti l  the  overload  protecti on  
device  does  not  tri gger.  Th is  method  can  g i ve  faster  resu l ts  bu t  cou ld  resu l t  i n  
excessive  operation  of  the  overload  protection  device  or  cou ld  damage  the  DUT.  

– Perform ing  a  binary search ,  as  fo l l ows:  

1 )  Define  IL  to  be  equal  to  zero  and  IH  to  be  equal  to  the  maximum  testing  cu rren t.  

2 )  Calcu late  the  test  curren t  Itest ,  as  fo l lows:  

 

3 )  Round  the  value  of  Itest  to  the  nearest  mu l tiple  of  5  % of  the  maximum  curren t.  

4)  Apply  a  curren t  of  Itest  for  20  m in .  

5)  I f  an  overcurren t  protecti on  device  operates,  set  IH  equal  to  Itest .  Otherwise,  set  IL  
equal  to  Itest.  

6 )  I f  the  d i fference  between  IH  and  IL  i s  l ess  than  5  % of  the  maximum  cu rren t,  s top  
the  procedure.  Otherwise,  go  to  step  2.  

– Using  a  combination  of  these  methods.  For example,  one  or  two  steps  of  a  binary 
search  cou ld  be  performed  to  get  a  coarse  estimate  of  the  maximum  sustained  cu rren t,  
fo l lowed  by a  s low ramp-up to  fi nd  the  precise  value  wi thou t  excessive  operation  of  the  
overload  protection  device.  

For  some types  of  overload  protection ,  i t  i s  necessary to  al l ow the  DUT to  cool  before  
repeati ng  the  test.  When  possible,  the  test  laboratory shou ld  avoid  unnecessary operation  
of  the  overload  protection  device,  especial l y  i f  the  type  of  device  i s  not  known.  

f)  I f  an  overload  protection  device  operates,  perform  the  fo l l owing  steps:  

1 )  Record  the  type  of  overload  protection  device,  the  tools  requ i red  to  reset  i t ,  and  
whether the  user documentati on  ( i nclud ing  the  user’s  manual  and  any l abels  on  the  
product)  con tains  su ffi cien t  i nstructions  to  carry  ou t  the  procedure.  I f  the  overload  
protection  device  i s  a  non-resettable  fuse,  record  whether the  ki t  i ncludes  spare  fuses.  

2 )  Wi thou t  removing  the  l oad  or  the  power supply  connected  to  the  DUT’s  battery i npu t,  
connect  the  product’s  PV i npu t  to  a  DC  power supply.  Do  not  reset  the  overload  
protection  device.  

3 )  Apply  a  vo l tage  equal  to  the  maximum  open-ci rcu i t  vo l tage  calcu lated  i n  DD.4. 1 . 4  step 
b) .  Set  the  cu rren t  l im i t  to  the  short-ci rcu i t  cu rren t  of  the  PV modu le  measured  at  STC.  

4)  I f  the  PV overvol tage  protecti on  test  i s  not  requ i red  for th is  product  (see  DD.4. 1 . 1 ) ,  
perform  the  fo l l owing  add i t ional  s teps.  I f  the  PV overvol tage  test  has  been  performed  
or wi l l  be  performed,  the  fo l lowing  steps  are  not  requ i red .  

i )  D isconnect  the  l oad  from  the  port.  

i i )  Measure  the  vo l tage  at  the  port.  

i i i )  I f  the  PV overvol tage  protecti on  test  was  not  performed,  calcu late  the  al l owable  
port  vo l tage  l im i t  accord ing  to  DD.4. 1 . 4  step  a) .  
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i v)  Compare  the  vo l tage  measured  at  the  port  i n  s tep  4)  to  the  al lowable  port  vol tage  
l im i t  from  DD.4. 1 . 4  step a) .  I f  the  measured  vo l tage  exceeds  the  al lowable  port  
vo l tage  l im i t,  the  DUT does  not  provide  su ffi cien t  protection  against  PV overvol tage.  

v)  Repeat  steps  i i )  to  i v)  for each  port  on  the  DUT.  

g )  I f  no  overload  protection  device  operates  when  the  device  i s  operated  at  the  maximum  
testing  cu rren t  for  20  m in ,  no  overload  protection  i s  detected  and  the  maximum  sustained  
cu rren t  cannot  be  determ ined .  The  test  l aboratory may consu l t  wi th  the  DUT manu facturer 
to  determ ine  whether a  h i gher value  for  the  maximum  sustained  cu rren t  shou ld  be  used;  i f  
so ,  the  test  shou ld  be  repeated .  

h )  I f  the  port  d ri ver ci rcu i try  l im i ts  the  cu rren t  such  that  even  when  the  l oad  resistance  i s  
decreased ,  the  curren t  remains  below the  maximum  testi ng  curren t,  the  maximum  
sustained  cu rren t  i s  the  maximum  curren t  measured  during  the  test.  

i )  Note  the  functional i ty  of  the  DUT after operating  at  the  maximum  sustained  curren t  for  
20  m in .  

j )  Record  the  fo l lowing .  

1 )  Record  whether an  overload  protection  device  operated  du ring  the  test.  

2 )  Record  whether the  DUT remains  functional  after  the  test  i s  completed .  Describe  any 
abnormal  operation  du ring  or  after the  test.  ( I f  abnormal  operation  occurred  during  the  
test,  note  whether the  behaviou r retu rned  to  normal  when  the  overload  cond i ti on  was  
removed . )  

3 )  Record  whether the  DUT was  damaged  during  the  test.  Describe  and  photograph  any 
damage.  

4)  Record  whether any safety  hazards  developed  du ring  the  test.  Describe  and  document  
wi th  photographs  where  appl icable.  

5)  I f  the  DUT provides  i nd ication  of  the  overload  cond i t ion  ( for  example,  a  warn ing  l i gh t,  
error  code,  or  aud ible  alarm) ,  describe  the  i nd ication .  

6)  Record  whether the  DUT provides  adequate  protection  against  PV overvol tage,  i f  
appl i cable.  

The  DUT i s  considered  to  have  adequate  ou tpu t  overload  protection  i f  al l  o f  the  fo l lowing  are  
true.  

•  The  maximum  sustained  cu rren t  i s  l ess  than  or  equal  to  the  maximum  testi ng  cu rren t.  

•  The  DUT remains  functional  after  the  test.  (The  DUT i s  not  requ i red  to  operate  normal l y 
wh i le  the  overload  cond i ti on  exists,  bu t  shal l  retu rn  to  normal  operation  after  the  overload  
i s  removed . )  

•  No  damage  occurred  and  no  safety  hazards  developed  when  the  DUT was  operated  at  the  
maximum  sustained  cu rren t  for  20  m in .  

DD.5  Reporting  

Report  the  fo l lowing  i n  the  protection  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu facturer;  

– DUT name;  

– DUT model  number;  

– DUT setti ng ;  

– DUT orien tati on ;  

– test  room  temperature  (°C) ;  
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– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– presence  of  su ffi cien t  PV overvol tage  protection  (pass/fai l ) ;  

– functi onal i ty  after  PV overvol tage  protection  test  (yes/no) ;  

– damage  presen t  after  PV overvol tage  protecti on  test  (yes/no) ;  

– user safety  hazard  present  after  PV overvol tage  protection  test  (yes/no) ;  

– fau l t  i nd ication  for  PV overvol tage  (yes/no,  description ) ;  

– presence  of  su ffi cien t  protection  against  m iswi ri ng  (pass/fai l ) ;  

– functi onal i ty  after  PV overvol tage  protection  test  (yes/no) ;  

– damage  presen t  after  m iswi ri ng  protection  test  (pass/fai l ) ;  

– user safety  hazard  present  after  m iswi ring  protection  test  (pass/fai l ) ;  

– fau l t  i nd ication  for  m iswi ring  (yes/no,  description ) ;  

– repai rs  needed  after m iswi ring  protection  test  (yes/no,  description ) ;  

– presence  of  su ffi cien t  protection  against  ou tpu t  overload  (pass/fai l ) ;  

– functi onal i ty  after  ou tpu t  overload  protection  test  (yes/no) ;  

– damage  presen t  after  ou tpu t  overload  protecti on  test  (yes/no) ;  

– user safety  hazard  presen t  after  m iswi ring  protection  test  (yes/no) ;  

– fau l t  i nd ication  for  ou tpu t  overload  (yes/no,  description ) ;  

– repai rs  needed  after ou tpu t  overload  protection  test  (yes/no,  descripti on ) .  

•  Tables:  

– table  of  nominal  vol tage,  vo l tage  l im i t,  measured  vol tage,  functi onal i ty,  and  pass/fai l  
resu l t  du ri ng  PV overvol tage  test  for  each  port  and  permanently  connected  or 
i n tegrated  load  (see  Table  DD. 3  for  an  example) ;  

– table  of  resu l ts  from  m iswi ri ng  protection  test  i nclud ing  con fi gu rati on  descripti on ,  
description  of  fau l t  i nd i cation ,  damage,  safety  hazard ,  functi onal i ty,  and  overal l  
pass/fai l  resu l t  after  test  for  each  configu ration  (see  Table  DD. 4  for  an  example) .  

•  Comments:  

– i nd i vidual  comments,  as  necessary,  for samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  o f  samples  1  th rough  n.  
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Table  DD.3  – Example  table  of  PV overvol tage test  resu l ts  

Receptacle  Nominal  
vol tage  

V  

Vol tage  
l im i t  

V  

Sample  ID  Measured  
vol tage   

V  

Functional  
after  test?  

Pass/fai l  

USB  port  5  5 , 25  1  5 , 09  Yes  Pass  

2  5 , 08  Yes  Pass  

3  5 , 1 9  Yes  Pass  

4  5 , 36  Yes  Fai l  

C i garette  l i g h ter  
port  

1 2  1 5 , 8  1  2 1 , 3  Yes  Fai l  

2  2 1 , 3  Yes  Fai l  

3  2 1 , 7  Yes  Fai l  

4  20 , 9  Yes  Fai l  

5  mm  barre l  p l ug  1 2  1 5 , 8  1  2 1 , 4  Yes  Fai l  

2  2 1 , 4  Yes  Fai l  

3  2 1 , 5  Yes  Fai l  

4  2 1 , 0  Yes  Fai l  

I n teg rated  l i g h t  - -  - -  1  - -  Yes  Pass  

2  - -  No  Fai l  

3  - -  Yes  Pass  

4  - -  Yes  Pass  
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Table  DD.4  – Example  table  of  miswiring  protection  test  resu l ts  

Configuration  Sample  
ID  

Fau l t  
i nd ication  

Damage?  Safety 
hazard?  

Functional
?  

Pass/fai l  Remarks  

PV reverse  
po l ari ty  

1  Warn i n g  
l i g h t  

No  No  Yes  Pass  PV fu se  replaced  
wi th  i ncl u ded  
spare.  

2  Warn i n g  
l i g h t  

No  No  Yes  Pass  PV fu se  repl aced  
wi th  i ncl u ded  
spare.  

3  Warn i n g  
l i g h t  

No  No  Yes  Pass  PV fu se  repl aced  
wi th  i ncl u ded  
spare.  

4  Warn i n g  
l i g h t  

No  No  Yes  Pass  PV fu se  repl aced  
wi th  i ncl u ded  
spare.  

Battery  
reverse  
po l ari ty  

1  Warn i n g  
l i g h t  

Yes  Yes  N /A Fai l  Con tro l  box  
em i tted  smoke.  
Test  was  
d i scon ti nued .  

2  Warn i n g  
l i g h t  

No  No  Yes  Pass   

3  Warn i n g  
l i g h t  

No  No  Yes  Pass   

4  Warn i n g  
l i g h t  

No  No  Yes  Pass   

PV/battery 
pl u gs  swapped  

1  - -  - -  - -  - -  - -  Test  not  
performed  due  to  
pri or  fa i l u re .  

2  None  N o  Yes  No  Fai l   

3  None  N o  Yes  No  Fai l   

4  None  N o  Yes  No  Fai l   
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Annex EE 
(normative)  

 
Assessment of  DC ports 

 

EE.1  Background  

DC ports  (also  cal led  receptacles  or  ou tlets)  are  a  key componen t  of  many l i gh ting  products;  
the  speci fi cations  of  the  DC  ports  determ ine  what  appl iances  can  be  powered  by the  ki t.  
Annex EE  con tains  test  procedures  to  determ ine  the  fo l l owing  properti es  of  DC  ports:  

•  the  ou tpu t  vol tage  range  and  cu rren t-vol tage  relati onsh ip  over a  variety of  operating  
cond i ti ons;  

•  the  effi ciency of  the  path  from  the  DUT’s  battery to  the  port;  

•  the  abi l i ty  of  i ncluded  appl iances  to  function  at  the  vol tage  suppl i ed  by the  port  over a  
variety of  operating  cond i ti ons.  

Un iversal  serial  bus  (USB) ,  a  s tandard  defined  by the  USB Implementers  Forum,  i s  a  common  
port  format  for  charg ing  mobi le  phones  and  other portable  devices,  as  wel l  as  provid ing  power 
to  smal l  e lectron ic  appl iances.  Annex EE  con tains  add i ti onal  procedures  to  evaluate  the  
performance  of  USB  ports,  i nclud ing  undershoot  and  overshoot  du ring  step  i ncreases  and  
decreases  i n  cu rren t,  to  ensure  that  these  ports  can  safely power mobi le  phones  and  other 
portable  devices.  These  test  methods  are  deri ved  from  the  USB Battery Charging 
Specification,  revis ion  1 . 2 ,  and  the  USB Battery Charging 1 .2 Compliance Plan,  revis ion  1 . 0 ,  
publ i shed  by the  USB Implementers  Forum.  

EE.2  Test  outcomes 

The  test  ou tcomes  of  the  DC  ports  assessment are  l i s ted  i n  Table  EE. 1 .  

Table  EE.1  – DC ports  assessment  outcomes.  

Metri c  Reporting  un i ts  Related  aspects  Remarks  

Mi n i mum  port  vo l tage  for  
each  port  

Vo l ts  (V)  4 . 2 . 7. 4  DC  ports  One  val u e  for  each  port  

Typi cal  port  vo l tage  for  
each  port  

Vo l ts  (V)  4 . 2 . 7. 4  DC  ports  One  val u e  for  each  port  

Maxi mum  port  vo l tage  for  
each  port  

Vo l ts  (V)  4 . 2 . 7. 4  DC  ports  One  val u e  for  each  port  

P l ots  o f  ou tpu t  vo l tag e  vs .  
ou tpu t  cu rren t,  an d  
associ ated  data,  for  each  
port  and  each  s i mu lated  
battery vol tage  

Vo l ts  (V) ,  amperes  (A)  4 . 2 . 7. 4  DC  ports  Fou r  p l o ts  fo r each  tested  
port,  an d  associ ated  
tabu lar  data.  

P l ots  o f  ou tpu t  vo l tag e  vs .  
ou tpu t  power,  and  
associ ated  data,  for  each  
port  and  each  s i mu lated  
battery vol tage  

Vo l ts  (V) ,  watts  (W)  4 . 2 . 7. 4  DC  ports  Fou r  p l o ts  for  each  tested  
port,  and  associ ated  
tabu lar  data 

P l ots  o f  battery- to-port  
e ff i ci ency vs .  ou tpu t  
cu rren t,  and  associ ated  
data,  for  each  port  an d  
each  s i mu lated  battery 
vo l tage  

Percen tage,  amperes  (A)  4 . 2 . 7. 4  DC  ports  Fou r p l o ts  for  each  tested  
port,  and  associ ated  
tabu lar  data 
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Metri c  Reporting  un i ts  Related  aspects  Remarks  

Plots  o f  battery- to-port  
e ff i ci ency vs .  ou tpu t  
power,  and  associ ated  
data,  for  each  port  an d  
each  s i mu lated  battery 
vo l tage  

Percen tage,  watts  (W)  4 . 2 . 7. 4  DC  ports  Fou r p l o ts  for  each  tested  
port,  and  associ ated  
tabu lar  data 

Power consumpti on  
val u es  for each  bu i l t- i n  o r  
permanentl y  conn ected  
appl i ance  for  each  
s imu lated  battery vo l tag e  

Watts  (W)  4 . 2 . 7. 2  Power 
consumpti on  

Th ree  val ues  for  each  
bu i l t - i n  or  permanen tl y  
connected  appl i ance  

Fun cti onal i ty  o f  each  
appl i ance  for  each  
s imu lated  battery vo l tag e  

Yes/no  4 . 2 . 7. 1  Appl i ance  vo l tage  
compati b i l i ty  

Th ree  val ues  for  each  
tested  appl i ance  

Tabl es  of  peak oversh oot  
vo l tages,  m i n imum  
undershoot  vo l tages,  and  
undershoot  t imes  for  each  
port  and  each  vo l tage  
tested .  

Vo l ts  (V) ,  m i l l i seconds  
(ms)  

4 . 2 . 7. 4  DC  ports  Th ree  tabl es  for  each  
port,  showi ng  val u es  for  
each  cu rren t  tran si t i on .  

Maxi mum  power for  each  
port  

Watts  (W)  4 . 2 . 7. 4  DC  ports  One  val u e  for  each  port  

Pass/fai l  for  fun cti onal i ty  
for  each  port  

Yes/no  4 . 2 . 7. 4  DC  ports  On e  val ue  for  each  port  

Pass/fai l  for  tru th  i n  
adverti s i ng  for  each  port  

Yes/no  4 . 2 . 7. 4  DC  ports  One  val u e  for  each  port  

Data  l i ne  res i stance  for  
each  U SB port  

Ohms  (Ω )  4 . 2 . 7. 4  DC  ports  One  val u e  for  each  USB  
port  

Vo l tag e  on  D-  l i ne  for  
each  U SB port  

Vo l ts  (V)  4 . 2 . 7. 4  DC  ports  On e  val ue  for  each  
appl i cable  USB  port  

Vo l tag e  on  D-  l i ne  for  
each  U SB port  

Vo l ts  (V)  4 . 2 . 7. 4  DC  ports  On e  val ue  for  each  
appl i cable  USB  port  

 

EE.3  Related  tests 

The  tests  i n  Annex EE  use  some  of  the  same  equ ipment  as  the  protection  tests  (Annex DD) ,  
particu larl y  the  ou tpu t  overload  protection  test  (DD.4.3) ,  wh ich  i s  a  prerequ is i te .  Test  
l aboratories  may perform  the  DC  ports  tests  immediately  after  the  protection  tests  to  take  
advan tage  of  equ ipment commonal i ti es.  However,  s i nce  the  protection  tests  are  poten tial l y  
destructi ve,  they are  general l y  not  performed  on  the  same  samples.  

Several  other  tests,  i nclud ing  the  vi sual  screen ing  (Annex F) ,  the  charge  con trol ler  behaviour 
test  (Annex S) ,  the  so lar charge  test  (Annex R) ,  and  the  fu l l -battery run  time  test  (Annex M) ,  
are  used  to  deri ve  operating  parameters  for  the  ports  tests.  

The  effi ciencies  measured  i n  EE.4.2  are  used  i n  the  energy service  calcu lations  (Annex GG) .  

The  typical  port  vol tage  i s  used  when  a  power supply  i s  con fi gu red  to  d i rectly  power an  
appl iance  (Annex H ) .  

EE.4 Procedure 

EE.4.1  Preparation  

Perform  the  fo l l owing  steps.  
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a)  I den ti fy  the  ports  to  be  tested  usi ng  th i s  procedure.  Al l  ports  capable  of  supplyi ng  power,  
i nclud ing  mobi le  phone  charg ing  ports,  shal l  be  tested ,  except  that  i f  the  DUT has  mu l t iple  
i den ti cal  ports  on ly  one  port  need  be  tested  from  each  g roup  of  i den tical  ports.  Ports  shal l  
on ly  be  considered  i den tical  i f  they have  i den tical  d ri ver  ci rcu i try  and  i den ti cal  vo l tage  and  
cu rren t  l im i ts .  

b)  I f  mu l tiple  samples  of  the  product  are  being  tested ,  the  selected  port  from  each  g roup 
shal l  rotate  between  samples.  

EXAMPLE  S i x  samples  o f  a  produ ct  wi th  th ree  USB  ports  are  to  be  tested .  Port  1  wou l d  be  tested  on  sam ples  1  
and  4 ,  port  2  on  samples  2  and  5 ,  and  port  3  on  samples  3  an d  6 .  

c)  I f  a  port  has  mu l t iple  se lectable  vol tage  setti ngs,  each  setti ng  shal l  be  considered  a  
separate  "port"  for  the  pu rposes  of  testing .   

d )  I den ti fy  the  maximum  curren t  for  each  port,  us ing  the  fo l l owing  procedure.  

1 )  Use  the  maximum  sustained  cu rren t,  measured  i n  the  ou tpu t  overload  protection  test  
(DD.4. 3) .   

2 )  I f,  du ri ng  the  ou tpu t  overload  protection  test,  damage  or  a  safety  hazard  was  noted  
when  a  cu rren t  l ess  than  or equal  to  the  maximum  sustained  cu rren t  was  appl ied  to  the  
port,  the  maximum  curren t  for  th is  test  i s  the  h i ghest  possible  cu rren t  that  does  not  
resu l t  i n  damage  or  a  safety  hazard.  

e)  I den ti fy  any special  procedures  requ i red  to  enable  the  ou tpu t  on  each  port.  For example,  
some  USB ports  requ i re  an  attached  device  to  be  enumerated  and  negotiate  to  receive  
power i n  excess  of  a  certain  l im i t.  I f  any such  requ i rements  exist,  the  manu factu rer of  the  
DUT shou ld  be  consu l ted ,  i f  necessary,  to  develop  a  p lan  to  successfu l l y  test  the  port.  

f)  Determ ine  whether the  port  shou ld  be  treated  as  a USB port  for  the  pu rposes  of  th is  test.  
A port  shal l  be  considered  a  USB port  i f  any of  the  fo l lowing  i s  true:  

– the  port  accepts  a  standard  USB connector;  

– the  DUT includes  an  adapter that  al l ows  a  USB  connector  to  be  connected  to  the  port;  

– the  port  i s  i n tended  or  expected  to  be  used  for  charg ing  mobi le  phones  wi th  a  nominal  
DC  i npu t  vo l tage  of  5  V.  

EE.4.2  Measurement  of  steady-state  port  characteristics  

EE.4.2.1  General  

Th is  test  measures  the  re lationsh ip  of  ou tpu t  vol tage  and  steady-state  battery- to-port  
effi ciency to  l oad  curren t  at  fou r s imu lated  battery vol tages:  

a)  the  s tandard  operati ng  vo l tage  defi ned  i n  Annex H ,  correspond ing  to  typical  operation  
du ring  d i scharge;  

b)  the  deep d ischarge  protection  vo l tage  measured  du ri ng  the  fu l l -battery run  t ime  test  
(M .4.2)  or  charge  con trol l er  behaviou r test  (S.4. 1 ) ,  correspond ing  to  operati on  i n  a  deeply 
d i scharged  state;  

c)  the  average  charg ing  vol tage  measured  du ring  the  solar charge  test  (Annex R) ,  
correspond ing  to  typical  operati on  du ring  so lar charg ing ;  

d )  a  vol tage  correspond ing  to  operation  du ring  solar charg ing  wi th  a  nearl y  fu l l  battery.  

The  test  procedure  also  i ncludes  an  evaluation  of  the  functional i ty  and  power consumption  of  
permanentl y connected  or  bu i l t- i n  appl iances,  such  as  a  l i gh t  or  rad io  i n tegrated  i n to  the  main  
un i t  of  the  DUT.  For re lati vely  s imple  products  con tain ing  a  bu i l t- i n  l i gh t  poin t  or  a  smal l  
number of  i den ti cal  l i gh t  po in ts ,  the  average  power determined  from  the  fu l l -battery run  t ime  
test  (Annex M)  can  be  more  represen tative  of  typical  operati ng  cond i ti ons  than  the  s i ng le-
poin t  measurements  performed  i n  the  assessment  of  DC  ports.  I n  such  cases,  the  
measurement  of  power consumption  for  the  tested  setti ng (s)  o f  the  bu i l t- i n  l i gh t  poin ts  i n  
EE.4.2. 5  f)  may be  om i tted .  
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EE.4.2.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment  i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  DC  power supply  wi th  su ffi cien t  ou tpu t  cu rren t  to  ach ieve  the  maximum  sustained  cu rren t  
measured  i n  DD.4. 3 .  

•  Two  DC  ammeters  or  mu l t imeters.  

•  Two  DC  vo l tmeters  or  mu l t imeters.  

•  E l ectron ic  l oad  or  variable  and  fi xed  resistors  wi th  speci fi cations  calcu lated  i n  EE.4. 2.5.  

I n  some cases,  i t  can  be  necessary to  use  mu l ti ple  laboratory power suppl ies  i n  paral le l  to  
ach ieve  the  requ i red  cu rren t.  Un less  otherwise  speci fied  by the  power supply  manu facturer,  a  
d iode  shou ld  be  used  at  the  ou tpu t  of  each  power supply  to  preven t  backfeed ing .  I f  the  power 
suppl ies  do  not  i nclude  cu rren t-sharing  functional i ty,  set  one  power supply  to  constant-vol tage  
mode  to  con tro l  the  vo l tage  and  set  the  remain ing  power suppl i es  to  constan t-curren t  mode  
wi th  a  vol tage  l im i t  not  exceed ing  the  battery’s  overcharge  protection  vo l tage  th reshold ,  as  
measured  i n  the  charge  con tro l ler  behaviour test  (Annex S) .  

The  cu rren ts  requ i red  i n  th is  test  can  exceed  the  maximum  range  of  many mu l timeters.  I n  th i s  
case,  a  curren t  transducer or  curren t  sense  resistor and  vo l tmeter  may be  used  i nstead  of  an  
ammeter or  mu l timeter.  The  vo l tage  shou ld  be  measured  at  the  DUT to  compensate  for  the  
vo l tage  d rop across  the  ammeter or  cu rren t  sense  resistor.  

I f  an  e lectron ic  l oad  i s  used ,  and  the  e lectron ic  l oad  con tains  cu rren t  and  vo l tage  
measurement  functional i ty  that  meets  the  requ i rements  for  DC  ammeters  and  vo l tmeters  i n  
Table  CC.2  after  accoun ting  for  any vo l tage  drop  between  the  port  and  the  l oad ,  th is  
functi onal i ty  may be  used  i nstead  of  an  ammeter and/or vo l tmeter  at  the  port.  

The  e lectron ic  l oad  shal l  be  galvan ical l y  i so lated  from  the  power supply  i f  th i s  i s  necessary i n  
order to  avoid  al tering  the  behaviour of  the  DUT.  

EE.4.2.3  Test  prerequ isi tes  

The  ou tpu t  overload  protection  test  (DD.4. 3) ,  charge  con trol ler behaviour test  (Annex S) ,  and  
so lar  charge  test  (Annex R)  shal l  be  performed  prior  to  the  measurement  of  s teady-state  port  
characteri stics.  I n  add i ti on ,  i f  the  deep  d ischarge  protection  vol tage  i s  measured  during  the  
fu l l -battery run  t ime  test  (M .4. 2) ,  th i s  test  shal l  be  performed  prior  to  the  measurement  of  
steady-state  port  characteri stics.  

EE.4.2.4  Apparatus 

Example  apparatus  for  the  measurement of  port  characteri sti cs  during  d ischarge  i s  shown  
schematical l y  i n  Figu re  EE. 1 .  
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Key 

1  DC  power su ppl y  (s i nk/sou rce)  

2  DC-DC  converter  from  th e  battery  vo l tage  to  ou tpu t  vo l tage  

3  S tandard i zed  DC  port  (e . g .  1 2  V)  

4  Data  p i ns  con fi gu rati on  (D+  and  D -  are  shorted  wi th  max.  res i stance  200  Ω  fo r  ded i cated  charg i ng  port  type) .  
The  con fi g u rati on  m i gh t  be  d i fferen t  depend i ng  on  i ts  capabi l i ty  to  charge  part i cu l ar  a  m obi l e  phone  

5  S tandard  USB  fem ale  port  

6  Cabl e  wi th  DC  adapter  and  USB  cable  wi th  sh i e l d  an d  d rai n  wi re  con nected  to  th e  g roun d  

7  Load  wi th  a  f i xed  res i s tor to  preven t  sh ort  c i rcu i t  and  vari able  res i stors  

8  Vo l tag e  an d  cu rren t  measu remen ts  us i ng  DC  mu l t i meters  and  shu n t  res i stors  

Figure  EE.1  – Schematic  of  the  DUT wi th  DC port  and  USB  port  and  variable  resistors  
connected  for  the  measurement  of  steady-state  port  characteristics  

EE.4.2.5  Procedure 

Perform  the  fo l l owing  steps.  

a)  Bu i ld  the  test  con fi gu ration  as  i n  Figu re  EE. 1 .  

b)  Prepare  the  DUT sample  accord ing  to  Annex G .   

c)  Use  a  laboratory power supply  to  power the  DUT power con tro l  un i t  accord ing  to  Annex H .  
Set  the  power supply  to  the  DUT standard  operating  vol tage  as  described  i n  Annex H .   

d )  Measure  the  cu rren t  and  vo l tage  at  the  battery wi th  no  l oads  appl i ed .  Any power swi tches  
that  do  not  con tro l  i nd i vi dual  l oads  shal l  be  tu rned  on .  (For  example,  i f  the  DUT has  a  
master power swi tch ,  tu rn  i t  on . )  

e)  For each  port  under test,  perform  the  fo l l owing  steps.  

1 )  Measure  the  open-ci rcu i t  vo l tage  of  the  receptacle  (wi th  no  load) .  

2 )  Calcu late  the  safety  resistor value,  Rsafety,  corresponding  to  a  cu rren t  of  1 00  % of  the  
maximum  curren t  at  the  nom inal  port  vo l tage  ( from  F.4. 1 . 5) :  

IEC  
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where  

Rsafety   i s  the  safety res istor value,  i n  ohms  (Ω) ;  

Vnom , port   i s  the  nom inal  vo l tage  of  the  port  ( from  F.4. 1 . 5) ,  i n  vol ts  (V) ;  

Imax, port  i s  the  maximum  curren t  for the  port,  i n  amperes  (A) .  

The  safety res istor shou ld  have  a  power rating  su ffi cien t  to  al l ow the  maximum  vol tage  
of  the  port  to  be  appl i ed :  

 

where  

PRsafety  i s  the  maximum  power rati ng  of  the  safety  res istor,  i n  watts  (W) ;  

Vmax, port  i s  the  maximum  expected  vol tage  of  the  port,  i n  vol ts  (V) ;  

Rsafety   i s  the  safety res istor value,  i n  ohms  (Ω) .  

3 )  Calcu late  the  value  of  the  variable  resistor Rvari abl e .  The  fu l l  scale  res istance  of  the  
variable  res istor  i n  series  wi th  the  fi xed  resistor Rsafety  shou ld  resu l t  i n  a  curren t  of  no  
l ess  than  1 0  % of  the  maximum  sustained  cu rren t  at  the  nom inal  port  vo l tage  (F. 4. 1 . 5) :  

safety
portmax,

portnom,
variable 1,0

R
I

V
R −

×
≥  

where  

Rvari abl e  i s  the  variable  resistor value,  i n  ohms  (Ω) ;  

Vnom , port  i s  the  nom inal  vol tage  of  the  port  ( from  F.4. 1 . 5) ,  i n  vol ts  (V) ;  

Imax, port  i s  the  maximum  curren t  for the  port,  i n  amperes  (A) ;  

Rsafety   i s  the  safety res istor value,  i n  ohms  (Ω) .  

The  variable  res istor shou ld  have  a  maximum  cu rren t  rating  su ffi ci en t  to  al l ow the  
maximum  cu rren t  of  the  port  to  be  appl i ed  and  a  resolu tion  su ffi ci en t  to  ach ieve  the  
requ i red  curren t  values  (20  %,  40  %,  60  %,  80  %,  and  1 00  % of  the  maximum  
sustained  cu rren t)  to  wi th i n  5  %.  

NOTE  Variable  res i stors  are  general l y  rated  by  the i r  m anu factu rers  accord i n g  to  th e  maxi mum  power d i ss i pati on  
o f  the  fu l l  resi s tance  e l ement.  I f  a  m axi mum  cu rren t  rati n g  i s  not  g i ven  by  the  compon en t  m anu factu rer,  th e  
m i n i mum  al l owable  power rati n g  can  be  cal cu l ated  based  on  th e  fu l l -scal e  res i s tance:  

 

wh ere  

PRvari ab l e  i s  the  maximum  power rati n g  o f  th e  vari abl e  res i s tor,  i n  watts  (W) ;  

Im ax, port  i s  the  maximum  cu rren t  for  the  port,  i n  amperes  (A) ;  

Rvari ab l e  i s  the  vari abl e  res i stor  val ue,  i n  ohms  (Ω ) .  

An  e lectron ic  l oad  or  other  programmable  l oad  device  may be  used  i nstead  of  a  
resistor.  The  cu rren t  and  vo l tage  measurement functional i ty  may be  i ncorporated  i n to  
the  l oad  device  provided  i t  meets  the  accuracy requ i rements  of  Table  CC.2.  

4)  Connect  the  safety and  variable  res istors,  i n  series,  to  the  ou tpu t  of  the  port.  

5 )  Al l ow the  vol tage  to  stabi l i ze.  

6)  Using  a  DC  ammeter and  vo l tmeter,  or  two  mu l timeters,  record  the  curren t  and  vol tage  
at  the  port.  S imu l taneously,  measure  and  record  the  vol tage  and  curren t  at  the  battery 
i npu t  terminals.  
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7)  Repeat  steps  1 )  to  5)  wi th  total  res istance  values  correspond ing  to  20  %,  40  %,  60  %,  
80  %,  and  1 00  % of  the  maximum  sustained  cu rren t  (wi th in  5  %) .  

8)  Perform  any add i ti onal  measurements  necessary to  veri fy  compl iance  wi th  the  product  
speci fi cation ,  i f  appl icable.  

9 )  D isconnect  the  test  l oad  from  the  port.  

f)  Perform  the  fo l lowing  procedure  for  each  bu i l t- i n  or  permanently  connected  appl iance,  i f  
any.  (A l i gh t  wi th  the  d ri ver ci rcu i try  i ncorporated  i n to  the  con trol  box or  main  DUT housing  
i s  considered  a  bu i l t- i n  appl iance,  even  i f  the  l i gh t  i tsel f  can  be  unplugged. )  Th is  step  may 
be  om i tted  for certain  bu i l t- i n  l i gh t  poin ts,  as  described  i n  EE.4. 2. 1 .  

1 )  I den ti fy  the  appl iance  setti ngs  to  be  measured .  Each  of  the  appl iance  settings  shou ld  
be  measured ,  up  to  a  maximum  of  th ree  settings.  I f  the  appl iance  offers  more  than  
th ree  setti ngs,  or  con tinuous  setti ngs,  choose  the  maximum,  m in imum  and  med ian  
setting .  

2 )  Tu rn  on  the  bu i l t- i n  or  permanentl y  connected  appl iance.  Record  whether the  
appl iance  functions  correctl y.  

3 )  Al l ow the  appl iance  to  stabi l i ze  for  at  l east  5  m in .  

4)  Measure  and  record  the  cu rren t  and  vo l tage  at  the  battery.  

5)  I f  the  appl iance  has  mu l t iple  settings,  repeat  steps  1 )  and  2)  for each  setting .  

g )  Perform  the  fo l l owing  procedure  for  each  i ncluded  appl iance,  wi thou t  an  i n ternal  battery,  
i n tended  to  be  connected  to  the  port  under test,  other than  bu i l t- i n  or  permanently  
connected  appl iances  tested  i n  s tep  f) .  

1 )  Connect  the  appl iance  to  the  port.  I f  the  appl iance  can  be  tu rned  off,  l eave  the  
appl iance  connected  to  the  port  bu t  tu rned  off  for  at  l east  5  m in .  

2 )  Turn  on  the  appl iance  and  al l ow i t  to  operate  for  at  l east  5  m in .  Record  whether the  
appl iance  functions  correctly.  I f  the  appl iance  has  mu l t iple  settings  or  operating  modes,  
operate  the  appl iance  for  5  m in  i n  a  setting  or  operating  mode  wi th  h igh  expected  
power consumption  and  5  m in  i n  a  setting  or  operating  mode  wi th  l ow expected  power 
consumption .  For  example,  for  a  fan ,  the  use  the  h i ghest  and  l owest  speeds.  

3 )  D isconnect  the  appl iance.  

h )  Perform  the  fo l lowing  procedure  for  each  appl iance  wi th  an  i n ternal  battery,  i n tended  to  be  
connected  to  the  port  under test,  o ther  than  bu i l t- i n  or  permanentl y  connected  appl iances  
tested  i n  s tep  f) .  

1 )  Fu l l y  d i scharge  the  appl iance’s  battery.  

2 )  Connect  the  appl iance  to  the  port  and  l eave  i t  connected  for  at  l east  5  m in .  Determ ine  
whether the  appl iance  charges  by observing  the  port  cu rren t  as  wel l  as  any charg ing  
i nd icators  on  the  appl iance.  Record  whether the  appl iance  charges.  

3 )  Fu l l y  charge  the  appl iance’s  battery.  (Al ternati vely,  use  a  d i fferen t  sample  of  the  
appl iance  wi th  a  fu l l y  charged  battery. )  

4)  Connect  the  appl iance  to  the  port  and  leave  i t  connected  for at  l east  5  m in .  ( I n  some 
cases,  an  appl iance  wi l l  briefl y  charge  when  connected  even  though  the  battery was  
fu l l y  charged .  I n  th i s  case,  al l ow the  appl iance  to  stop  charg ing  (e . g . ,  wai t  un ti l  the  
cu rren t  drops  to  zero  or  to  a  l ow value)  before  starting  the  f i ve-minu te  wai ti ng  period . )  

5)  D isconnect  the  appl iance  from  the  port.  

6)  Check the  appl iance  for  functi onal i ty.  Note  any damage  or  abnormal  operation .  

i )  Change  the  power supply  vo l tage  (s imu lated  battery vo l tage)  to  the  deep d i scharge  
protection  vo l tage  measured  du ri ng  the  fu l l -battery run  time  test  (M .4.2)  or  charge  
con tro l ler  behaviour  test  (S.4. 1 ) ,  then  repeat  steps  d )  th rough  h ) .  ( I f  the  DUT wi l l  not  tu rn  
on  or  wi l l  not  s tay on  at  the  se lected  vo l tage,  i ncrease  the  vo l tage  i n  0 , 05  V i ncrements  
un ti l  the  DUT tu rns  on ,  then  decrease  the  vo l tage  i n  0 , 05  V i ncrements  to  the  l owest  value  
for  wh ich  the  DUT remains  on . )  

j )  Change  the  power supply vol tage  (s imu lated  battery vol tage)  to  the  maximum  battery 
vol tage  measured  during  the  acti ve  overcharge  protection  test  (S.4. 2) ,  or,  i f  the  acti ve  
overcharge  protection  test  need  not  be  performed  for  the  DUT,  the  maximum  battery  
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vo l tage  observed  du ri ng  the  solar charge  test  (Annex R) .  Repeat  steps  d )  th rough  h )  at  
th is  vol tage.  ( I f  the  DUT wi l l  not  tu rn  on  or  s tay on  at  the  selected  vol tage,  decrease  the  
vo l tage  i n  0 , 05  V i ncrements  to  the  lowest  value  for  wh ich  the  DUT remains  on . )  

For products  whose  ports  cannot  be  used  wh i le  the  product  i s  charg ing ,  use  the  maximum  
battery vol tage  du ring  the  fu l l -battery run  t ime  test  (Annex M)  i nstead  of  the  maximum  
vol tage  measured  during  the  acti ve  overcharge  protection  test  or  the  so lar  charge  test,  
and  omi t  s tep  k) .  Typical l y,  the  maximum  vol tage  du ring  the  fu l l -battery run  time  test  i s  the  
vo l tage  immediately  after  the  DUT i s  tu rned  on .  

k)  Change  the  power supply  vol tage  (s imu lated  battery vol tage)  to  the  average  charg ing  
vo l tage  measured  du ring  the  solar charge  test  (Annex R) .  I f  th i s  vo l tage  d i ffers  from  al l  
previously  tested  vo l tages  by more  than  0 ,05  V,  set  the  power supply  to  the  average  
charg ing  vol tage  and  then  repeat  steps  d )  th rough  f) .  Steps  g )  and  h )  need  not  be  
repeated  at  th is  vol tage.  I f  the  d i fference  i s  l ess  than  0 ,05  V,  testing  at  the  average  
charg ing  vo l tage  need  not  be  performed.  

EE.4.2.6  Calcu lations 

Perform  the  fo l l owing  calcu lations  for each  s imu lated  battery vo l tage  measured  i n  EE.4. 2.   

a)  For each  operating  po in t  tested ,  calcu late  the  battery i npu t  power and  port  ou tpu t  power 
by mu l t iplyi ng  the  cu rren t  and  vol tage  values.  

b)  For each  battery vol tage  setting ,  calcu late  the  i d le  power,  Pi d l e  ,  by  mu l tiplying  the  cu rren t  
and  vol tage  measured  at  the  battery wi th  no  l oad  appl i ed .  

c)  For each  battery vo l tage  setti ng ,  port,  and  load  curren t,  calcu late  the  battery- to-port  
effi ciency usi ng  the  fo l lowing  formu la:  

 

where  

ηbatt-port   i s  the  battery- to-port  effi ciency,  as  a  percen tage  (%) ;  

Pport  i s  the  port  ou tpu t  power,  i n  watts  (W) ;  

Pbatt  i s  the  power suppl i ed  to  the  DUT by the  s imu lated  battery,  i n  watts  (W) ;  

Pi d l e  i s  the  i d le  power,  i n  watts  (W) .  

d )  For each  battery vo l tage  setting  and  each  setti ng  of  each  bu i l t- i n  or  permanentl y  
connected  appl iance,  calcu late  the  power consumption  usi ng  the  fo l l owing  formu la:  

 

where  

Papp  i s  the  appl iance  power consumption ,  i n  watts  (W) ;  

Pbatt, app  i s  the  power suppl ied  to  the  DUT by the  s imu lated  battery when  the  appl iance  
i s  i n  use,  i n  vo l ts  (V) ;  

Pi d l e  i s  the  i d le  power,  i n  watts  (W) .  

e)  For each  port  and  each  battery vo l tage  setti ng ,  plot  the  fo l l owing  (see  Fi gu re  EE. 2) .  

1 )  Ou tpu t  vol tage  vs.  ou tpu t  cu rren t.  

2)  Ou tpu t  vol tage  vs.  ou tpu t  power (Pport) .  

3 )  Battery- to-port  effi ciency (ηbatt-port)  vs.  ou tpu t  cu rren t.  

4)  Battery- to-port  effi ciency (ηbatt-port)  vs.  ou tpu t  power (Pport) .  
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Figure EE.2  – Example  of  the  plots  of  port  characteristics   

EE.4.3  Dynamic  measurement  

EE.4.3.1  General  

I n  th is  test,  the  dynamic  performance  of  the  DC  port  i s  evaluated .  The  DC port  i s  l oaded  wi th  
a  variable  pu lsed  l oad  that  represen ts  the  typical  dynamic l oad  ( i . e .  mobi le  charg ing ,  LED  
driver) .  The  vo l tage  and  curren t  transien ts  are  analysed  by record ing  the  data acqu is i t ion  
device  (e . g .  osci l l oscope) .  Two  d i fferen t  i npu t  vo l tages  (h igh  and  l ow battery operational  
vo l tage)  are  performed  to  evaluate  the  capabi l i ty  of  the  port  to  cope  wi th  the  dynamic l oad  at  
d i fferen t  l evels  of  s tates  of  charge.  The  performance  of  the  ports  i n  s imu l taneous  operation  i s  
also  evaluated  under droop  test.  

Th is  test  i s  l argely based  on  the  DCP overshoot and  undershoot  vo l tage  test  from  the  USB 
Battery Charging 1 .2 Compliance Plan,  revis ion  1 . 0 ,  publ i shed  by the  USB Implementers  
Forum.  

Th is  test  may be  om i tted  for  al l  ports  that  are  not  USB ports  as  defi ned  i n  EE.4. 1 .  

EE.4.3.2  Equ ipment  requ irements  

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  E lectron ic  l oad  capable  of  generati ng  a  stepped  cu rren t  waveform  as  defi ned   
i n  Table  EE.2,  wi th  a  m in imum  step  duration  of  20  ms  and  th ree  or  four  d i sti nct  curren t  
l evels  ( i nclud ing  zero) ,  depend ing  on  whether optional  tests  are  performed.  Many 
commercial ly  avai lable  e lectron ic  l oads  meet  th is  requ i rement;  al ternati vely,  the  load  may 
be  constructed  us ing  fi xed  and/or variable  power resistors  (see  EE.4.2.5  for calcu lati ons)  
and/or  power MOSFETs  or s im i lar  swi tch ing  devices.   

•  DC  power supply.  

IEC  
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•  D ig i tal  s torage  osci l l oscope  or  data- logg ing  device  capable  of  record ing  vo l tage  and  
cu rren t  at  a  rate  of  at  l east  1  000  samples  per second.  Th is  functional i ty  may be  
i ncorporated  i n to  the  e lectron ic l oad .  

•  Cu rren t  transducer or  cu rren t  sense  resistor,  i f  needed ,  to  al low cu rren t  to  be  recorded  by 
the  osci l l oscope  or  data- logg ing  device.  Th is  functional i ty  may be  i ncorporated  i n to  the  
e lectron ic  l oad .  (For example,  some  e lectron ic  l oads  provide  an  analogue  cu rren t  mon i tor 
ou tpu t. )  

The  osci l l oscope  or  data- logg ing  device  shal l  be  galvan ical ly  i so lated  from  the  power supply 
and  l oad  i f  th is  i s  necessary i n  order to  avoid  al tering  the  behaviour  of  the  DUT.  Any i solation  
device  shal l  have  su ffi ci en t  bandwid th  to  provide  an  accurate  measurement of  the  vol tage  
transien ts.  

The  vo l tage  drop between  the  power supply and  the  DUT’s  battery i npu t  term inals  shal l  be  
m in im ized ;  componen ts  such  as  ammeters  and  d i odes  (wh ich  are  requ i red  or  perm i tted  i n  
EE.4.2)  shal l  not  be  i ncluded  between  the  power supply  and  the  DUT for  the  dynamic  port  
measurement.   

NOTE  S i nce  th i s  test  i s  on l y  perform ed  on  USB  ports,  i n  most  cases,  a  l ower  power suppl y  cu rren t  wi l l  be  u sed  
than  i n  the  s teady-state  measu remen t  o f  h i gh -cu rren t  ports  (EE . 4. 2) ,  an d  the  test  can  be  perform ed  wi thou t  u s i n g  
mu l t i pl e  power su ppl i es  i n  paral l e l .   

EE.4.3.3  Test  prerequ isi tes  

The  test  prerequ is i tes  are  i den tical  to  those  for  the  measurement  of  s teady-state  port  
characteristics  (EE.4. 2) .  

EE.4.3.4  Apparatus 

Example  apparatus  for  the  dynamic  port  measurement i s  shown  schemati cal l y  i n  Figu re  EE.3 .  
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1  DC  power su ppl y  (s i nk/sou rce)  

2  DC-DC  converter  from  th e  battery  vo l tage  to  ou tpu t  vo l tage  

3  S tandard i zed  DC  port  (e . g .  1 2  V)  

4  S tandard  USB  female  port  

5  Cabl e  wi th  DC  adapter  and  USB  cabl e  wi th  sh i e l d  and  d rai n  wi re  con nected  to  the  g roun d  

6  Pu l se  l oad  wi th  a  f i xed  resi stor to  preven t  sh ort  ci rcu i t  and  vari abl e  res i stors  

7  E l ectron i c  swi tch  con tro l l ed  by  pu l se  gen erator  

8  Add i t i onal  USB  port  

9  Osci l l oscope  

Figure  EE.3  – Schematic  of  the  DUT wi th  DC port  and  USB  port  
and  variable  resistors  connected  for  the  dynamic  measurement  

EE.4.3.5  Procedure 

The  fo l lowing  steps  shal l  be  fo l l owed  to  evaluate  the  transien t  response  of  the  port.  

a)  Bu i ld  the  test  con fi gu ration  i l l ustrated  i n  Fi gu re  EE.3  wi th  variable  pu lsed  l oad  speci fi ed  i n  
EE.4.3 . 2.  

b)  Use  a  laboratory power supply  to  power the  DUT power con tro l  un i t  accord ing  to  Annex H .  
Set  the  power supply  to  the  DUT standard  operati ng  vol tage  as  described  i n  Annex H .   

c)  Connect  the  vo l tage  and  cu rren t  data acqu is i t ion  device  at  the  ou tpu t  of  the  DC port.  Set  
the  l ogg ing  i n terval  or  sampl i ng  rate  to  at  l east  1  ms  or  1  000  samples  per second.  

d)  Perform  ei ther of  the  fo l l owing  procedures  to  conduct  the  test.  Procedure  1  can  be  
performed  us ing  l ow-cost  equ ipment,  wh i l e  procedure  2  can  be  s impler to  perform  i f  a  
su i table  e lectron ic  l oad  i s  used .  The  cu rren ts  shal l  be  accurate  to  wi th in  5  %.  

Procedure  1 :  

1 )  Configu re  the  pu lsed  l oad  to  al ternate  between  the  two  curren t  l evels  shown  i n  the  fi rst  
row of  Table  EE. 2  wi th  a  frequency of  no  more  than  5  Hz  and  du ty cycle  of  50  %.  
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2)  Record  the  vol tage  and  cu rren t  for  at  l east  1 00  ms  after the  curren t  transi t ions  
i nd icated  i n  Table  EE.2.   

3 )  Repeat  steps  1 )  and  2)  for  the  remain ing  cu rren t  pai rs  i n  Table  EE.2.  Omi t  row 4  i f  not  
requ i red  by the  product  speci fi cation  or  i f  the  maximum  sustained  cu rren t  from  DD.4.3  
i s  l ess  than  or equal  to  0 , 5  A.  

Procedure  2:  

1 )  Con fi gu re  the  pu lsed  load  wi th  a  stepped  cu rren t  waveform  s im i lar  to  that  i l l ustrated  i n  
Fi gu re  EE.4  i n  order to  captu re  al l  cu rren t  transi t ions  requ i red  i n  Table  EE. 2.  Omi t  row 
4  i f  not  requ i red  by the  product  speci fi cation  or  i f  the  maximum  sustained  cu rren t  from  
DD.4. 3  i s  l ess  than  or equal  to  0 , 5  A.  The  du rati on  of  each  step  shal l  be  no  l ess  than  
1 00  ms.  

2)  Record  the  vo l tage  and  cu rren t  for  at  l east  1 00  ms  after  the  curren t  transi t ions  
i nd icated  i n  Table  EE.2.  

e)  Change  the  power supply  vol tage  to  the  deep d i scharge  protection  vo l tage  measured  
du ring  the  fu l l -battery run  time  test  (M .4. 2)  or  charge  con trol ler  behaviou r test  (S.4. 1 ) ,  
then  repeat  step  d ) .  ( I f  the  DUT wi l l  not  tu rn  on  or wi l l  not  s tay on  at  the  se lected  vol tage,  
i ncrease  the  vo l tage  i n  0 , 05  V i ncrements  un ti l  the  DUT tu rns  on ,  then  decrease  the  
vo l tage  i n  0 , 05  V i ncrements  to  the  lowest  value  for  wh ich  the  DUT remains  on . )  Omi t  th is  
s tep  i f  the  vol tage  wou ld  be  g reater than  or  equal  to  the  standard  operating  vol tage.  

f)  Change  the  power supply  vo l tage  to  the  maximum  vol tage  measured  du ring  the  acti ve  
overcharge  protection  test  (S.4.2) ,  or  the  solar charge  test  (Annex R)  i f  the  acti ve  
overcharge  protection  test  need  not  be  performed  for  the  DUT,  then  repeat  step  d ) .  ( I f  the  
DUT wi l l  not  tu rn  on  or s tay on  at  the  selected  vo l tage,  decrease  the  vo l tage  i n  0 , 05  V 
i ncrements  to  the  l owest  value  for  wh ich  the  DUT remains  on . )  Om i t  th i s  s tep  i f  the  
vo l tage  wou ld  be  l ess  than  or  equal  to  the  standard  operating  vo l tage.  

Table  EE.2  – Current  pai rs  for  dynamic test  

Row number Current  1   

A  

Current  2   

A  

Current  transi ti ons  to  
record  

1  0 , 0  0 , 1  ri s i ng  edge  

2  0 , 1  0 , 5  r i s i ng  edge  

3  0 , 0  0 , 5  r i s i ng  and  fal l i ng  edges  

4  (opti on al )  0 , 0  Maxi mum  su stai ned  
cu rren t  from  DD. 4. 3  

ri s i ng  and  fal l i ng  edges  

NOTE  Th i s  s tep  waveform  i s  based  on  the  DCP  oversh oot  an d  un dershoot  vo l tage  test  from  the  USB Battery 
Charging 1 .2 Compliance Plan,  revi s i on  1 . 0 ,  publ i shed  by  the  U SB  I mplementers  Forum .  
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Figure  EE.4  – I l lustration  of  stepped  current  waveform  for procedure  2  

EE.4.3.6  Calcu lations 

For each  port  and  each  vo l tage  setti ng  measured ,  at  each  cu rren t  transi ti on ,  measure  and  
record  the  fo l l owing  quanti t i es,  as  i l l ustrated  i n  Figu re  EE.5:  

•  peak overshoot  vol tage,  defi ned  as  the  maximum  vol tage  ampl i tude  of  the  transien t  
change  of  the  ou tpu t  vol tage  that  exceeds  the  steady state  value,  as  i l l ustrated   
i n  Fi gu re  EE.5;  

•  m in imum  undershoot  vol tage,  defined  as  the  m in imum  vol tage  reached  during  a  transien t  
d rop  i n  vol tage;  

•  u ndershoot  t ime,  defi ned  as  the  du ration  of  the  transien t  d rop  i n  vol tage  below 4, 75  V.  

 

Key 

1  Peak undersh oot  vo l tag e  

2  Peak overshoot  vo l tag e  

3  U ndershoot  t ime  (s )  

Figure  EE.5  – Example  t ime series  plot  of  vol tage and  current  showing  the  transients  

EE.4.4  Summary calcu lations 

For each  port,  perform  the  fo l l owing  calcu lations.  
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a)  Calcu late  the  m in imum  and  maximum  vol tages  (Vmin , port  and  Vmax, port)  over the  en ti re  
range  of  cond i t ions  (battery vol tage  and  load)  i n  EE.4.2.  Al so  report  the  power supply 
vo l tage  (s imu lated  battery vol tage)  and  port  cu rren t  under wh ich  each  vo l tage  value  was  
measured .  

b)  Calcu late  the  maximum  port  ou tpu t  power over the  en ti re  range  of  cond i t ions  i n  EE.4. 2.  

EXAMPLE  For  port  1 ,  the  m i n i m um  vo l tage  was  4 , 86  V,  measu red  wi th  a  s i m u lated  battery  vo l tage  o f  3 , 07  V/ce l l  
and  l oad  3 , 3  Ω ;  th e  m axi mum  vol tage  was  5 , 1 0  V,  measu red  wi th  a  s i mu lated  battery  vo l tage  o f  4 , 20  V/ce l l  an d  no  
l oad  (open  ci rcu i t) .  

c)  Calcu late  the  typical  port  vol tage  (Vtyp, port)  us i ng  the  fo l l owing  procedure.  

1 )  I den ti fy  the  typical  l oad  cu rren t  for  the  port.  The  typical  port  cu rren t  i s  the  lesser of  
0 , 5  A and  the  maximum  sustained  curren t  measured  du ri ng  the  ou tpu t  overload  
protection  test.   

NOTE  Th i s  defi n i t i on  takes  i n to  accoun t  that  USB  ports  are  perm i tted  by the  Battery  Charg i ng  Speci fi cat i on ,  
revi s i on  1 . 2 ,  publ i shed  by  the  U SB  I mplemen ters  Forum,  to  operate  wi th i n  a  wi de  vo l tage  ran ge  for  cu rren ts  
between  0 , 5  A  and  1 , 5  A.  

2)  I den ti fy  the  ou tpu t  vol tage  at  the  typical  l oad ,  determ ined  i n  s tep  1 ) ,  under the  
cond i ti ons  speci fied  i n  EE.4.2  steps  a)  th rough  c)  (e . g .  when  the  DUT’s  battery i npu t  i s  
d ri ven  at  the  standard  operati ng  vo l tage) ;  i n terpolate  between  measurements  i f  no  
measurement  was  performed  at  the  requ i red  l oad .  Th is  i s  the  typical  port  vo l tage  
(Vtyp, port) .  

EE.4.5  Pass/fai l  tests  for  functional i ty and  truth  in  advertising  

Perform  the  fo l lowing  steps:  

a)  Assess  each  port’s  functional i ty  usi ng  the  fo l l owing  steps:  

1 )  I f  the  manu factu rer speci fi es  m in imum  and/or maximum  vol tage  values  for  the  port,  
use  the  data from  EE.4. 2  to  assess  whether the  ou tpu t  vol tage  remains  wi th i n  the  
manu facturer-speci fi ed  range.   

2 )  Assess  compl iance  wi th  any other requ i rements  defi ned  i n  the  product  speci fi cation .  

b)  Assess  tru th  i n  adverti s ing  us ing  the  fo l lowing  steps.  

1 )  I f  the  manu factu rer adverti ses  a  curren t  or  power value  or  range  for  one  or  more  ports,  
use  the  data from  EE.4. 2  to  determ ine  whether the  adverti sed  value  or  range  i s  
accurate.  I f  m in imum  and/or  maximum  values  are  g i ven ,  compare  the  adverti sed  
values  to  the  m in imum  and/or maximum  values  from  EE. 4.4.  I f  a  nominal ,  typical ,  or  
average  value  i s  g i ven ,  determine  whether the  nom inal  value  i s  wi th in  the  range  of  the  
m in imum  and  maximum  values  from  EE.4.4.  

2)  I f  the  manu factu rer adverti ses  that  one  or  more  ports  can  be  used  to  charge  or  power 
appl iances  (e . g .  mobi l e  phone,  rad io,  refri gerator,  fan )  o ther  than  those  i ncluded  i n  the  
ki t,  use  the  procedure  i n  HH .5  step  a)  to  determ ine  the  power consumption  of  the  
appl iance.  Compare  th is  value  wi th  the  maximum  power calcu lated  i n  EE.4.4.  I f  the  
generic  appl iance  power consumption  from  HH .5  i s  g reater  than  the  maximum  power 
ou tpu t  of  the  port  from  EE.4.4,  the  port’s  capabi l i t i es  are  not  accurately  adverti sed .  

EXAMPLE  I f  the  manu factu rer  c l ai ms  th at  the  1 2  V  port  can  power a  smal l  te l evi s i on ,  bu t  the  maximum  port  
ou tpu t  power  i s  5  W,  then  the  port ’ s  capabi l i t i es  are  not  accu rate l y  advert i sed  because  accord i ng  to  Table  H H . 1  a  
smal l  te l evi s i on  consumes  1 0  W.  

3)  For USB ports,  perform  the  fo l l owing  steps.  

i )  Wi th  the  DUT powered  at  the  standard  operati ng  vol tage,  measure  the  vol tages  on  
the  data l i nes  (D+  and  D-)  re lati ve  to  the  g round  l i ne.  Also  record  the  port  vo l tage  
at  the  t ime  th is  measurement  i s  made.  (See  Figu re  EE.6  for  a  schematic  d iag ram  of  
a  typical  USB  charg ing  port. )  

i i )  I f  no  vol tage  i s  present  on  the  data l i nes,  measure  the  resistance  between  the  data  
l i nes.  (Use  cau ti on  as  applying  a  vo l tage  to  an  ohmmeter can  damage  the  
i nstrument. )  
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Figure  EE.6  – Typical  configuration  of  USB  port  for  special  charger 

EE.5  Reporting  

Report  the  fo l lowing  i n  the  i npu t  vol tage  range  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu facturer;  

– DUT name;  

– DUT model  number;  

– DUT setti ng ;  

– DUT orien tati on ;  

– test  room  temperature  (°C) ;  

– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  P l ots:  

– four  p lots  of  port  vo l tage  vs.  ou tpu t  cu rren t  for  each  port;  

– four  p lots  of  port  vo l tage  vs.  ou tpu t  power for  each  port;  

– four  p lots  of  battery- to-port  effi ciency vs.  ou tpu t  cu rren t  for  each  port;  

– four  p lots  of  battery- to-port  effi ciency vs.  ou tpu t  power for  each  port;  

– one  plot  of  vo l tage  and  cu rren t  vs.  t ime  for  each  port  during  dynamic  test.  

Mu l ti ple  characteristi c  cu rves  may be  plotted  on  the  same plot,  as  l ong  as  the  resu l ts  
are  clearl y  readable.  For  example,  resu l ts  from  mu l tiple  ports  for  the  same operating  
cond i ti ons  (e . g .  d i scharg ing ,  1 4, 8  V)  may be  combined  i n to  a  s i ng le  p lot;  mu l ti ple  
scenarios  for  the  same  port  may be  combined  i n to  a  s i ng le  p lot;  or  mu l ti ple  quan ti ti es  
(vol tage  and  effi ciency)  may be  plotted  on  the  same plot.  

•  Tables:  

– four  tables  for  each  port  showing  the  re lationsh ip  between  ou tpu t  current  and  ou tpu t  
vo l tage;  

– four  tables  for  each  port  showing  the  re lationsh ip  between  ou tpu t  power and  ou tpu t  
vo l tage;  

– s i x  tables  for  each  port  showing  the  re lationsh ip  between  ou tpu t  cu rren t  and  battery- to-
port  effi ciency;  
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– four tables  for each  port  showing  the  re lati onsh ip  between  ou tpu t  power and  battery-
to-port  effi ciency;  

– table  of  power consumption  values  and  functional i ty  for  each  tested  appl iance;  

– table  of  pass/fai l  functional i ty  and  tru th  i n  adverti s i ng  values  for  each  port;  

– table  of  m in imum,  typical ,  and  maximum  vol tages  and  maximum  power for  each  port;  

– th ree  tables  of  peak overshoot  vo l tage,  peak undershoot  vo l tage,  and  undershoot  t ime;  

– table  of  data l i ne  vo l tages  and  resistances  for each  USB port.  

Mu l ti ple  tables  sharing  the  same  set  o f  row or  co lumn  head ings  may be  combined  i n to  
a  s ing le  table.  

•  Comments:  

– i nd ividual  comments,  as  necessary,  for  samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  col lecti ve  set  of  samples  1  th rough  n.  
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Annex FF 
(normative)  

 
Appl iance tests  

 

FF.1  Background  

Annex FF appl ies  to  any appl iances  i ncluded  or  adverti sed  for  use  wi th  stand  alone  l i gh ti ng  
ki ts .  Appl iances  to  be  tested  i nclude  l i gh t  poin ts,  fans,  te levis ions,  rad ios,  refrigerators  and  
other  s im i lar devices.  I f  more  than  one  i den tical  appl iance  i s  i ncluded  wi th  the  DUT ki t,  on ly 
one  of  each  i den tical  appl iance  shou ld  be  tested  to  represen t  a  s ing le  sample.   

Some appl iances  are  "permanentl y  i nstal led"  appl iances,  l i ke  an  LED  l i gh t  poin t  wi th  an  LED  
driver that  i s  i ncluded  as  part  of  the  battery box.  These  appl iances  shal l  be  i den ti fi ed  i n  the  
vi sual  screen ing  (Annex F)  and  tested  accord ing  to  methods  described  i n  the  assessment  of  
DC  ports  (Annex EE) .  

There  are  two  tests  i n  Annex FF:  an  appl iance  power consumption  test  (FF.4)  and  an  
operati ng  vol tage  range  test  (FF.5) .  The  power consumption  test  (FF.4)  i s  on ly appl i cable  to  
appl iances  wi thou t  i n ternal  batteries.  The  operating  vol tage  range  test  (FF. 5)  i s  appl icable  to  
appl iances  wi th  and  wi thou t  i n ternal  batteries,  bu t  i s  necessary on ly  for  appl iances  that  were  
not  tested  wi th  the  ki t  i n  EE.4.2. 5  ( for  example,  new appl iances  that  a  manu factu rer  wishes  to  
test  for  use  wi th  a  ki t  that  have  al ready been  tested) .  

FF.2  Test  outcomes 

The  appl iance  power consumption  test  ou tcomes  are  l i s ted  i n  Table  FF. 1 .  

Table  FF.1  – Appl iance power consumption  test  outcomes 

Metric  Reporti ng  
un i ts  

Related  aspects  Remarks  

Power consu mpti on  tab l e  Vo l tage  (V) ,  

Cu rren t  (A) ,  

Power (W) ,  

Yes/n o  

4 . 2 . 7 . 2  Power 
consum pti on  

A  tabl e  wi th  4  co l umn s  and  
mu l t i pl e  rows,  i n cl u d i ng  the  
co l umn  h ead i ng s  for  each  
appl i ance  on  each  measu red  
sett i ng .  

Functi onal i ty  o f  each  
appl i ance  for  each  
s imu lated  battery  vo l tage  

Yes/n o  4 . 2 . 7 . 1  Appl i ance  
vo l tage  compati b i l i ty   

On e  yes/n o  val u e  for  
appl i ance  fu ncti onal i ty  u nder 
each  set  o f  test  cond i t i ons,  
and  a  descri pti on  o f  an y 
damage  or  abnormal  
operati on .   

 

FF.3  Related  tests 

The  power consumption  test  uses  i npu ts  from  the  vi sual  screen ing  (Annex F)  and  the  
assessment of  DC  ports  (Annex EE) .  The  measurements  of  power consumption  are  used  i n  
the  energy service  calcu lations  (Annex GG) .  
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FF.4 Procedure 

FF.4.1  General  

The  appl iance  i s  tested  for  power consumption  us ing  one  of  the  procedures  below:  

•  LED  or  CFL l i gh t  poin ts  are  tested  accord ing  to  FF.4. 2;  

•  te levis ion  sets  are  tested  accord ing  to  FF.4.3 ;  

•  rad ios  are  tested  accord ing  to  FF.4.4;  

•  o ther appl iances  wi thou t  i n ternal  batteries  are  tested  accord ing  to  FF.4.5;  

•  o ther appl iances  wi th  i n ternal  batteries  are  tested  accord ing  to  FF.4.6.  

FF.4.2  Test  procedure  for  LED or CFL l ight  points  

FF.4.2.1  General  

The  DUT’s  i ncluded  LED  or CFL l i gh t  po in t  i s  tested  for  power consumption .  

FF.4.2.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  of  Table  CC.2.  

•  DC  power supply.  

•  DC  ammeter and  vo l tmeter,  or  two  mu l timeters.  

FF.4.2.3  Test  prerequ isi tes  

At the  start  o f  the  test,  the  l i gh t  po in t  samples  shal l  be  m in imal ly  al tered  and  fu l l y  functional .   

Samples  shou ld  be  prepared  accord ing  to  Annex G .  

FF.4.2.4  Procedure 

a)  I den ti fy  the  DUT’s  typical  port  vo l tages  for  any ports  that  cou ld  be  used  to  power the  l i gh t  
poin t,  us ing  the  values  calcu lated  i n  EE. 4.4.  

b)  I den ti fy  the  l i gh t  po in t  setti ngs  to  be  measured.  Each  of  the  l i gh t  po in t  setti ngs  shou ld  be  
measured ,  up  to  a  maximum  of  th ree  setti ngs.  I f  the  l i gh t  poin t  o ffers  more  than  th ree  
settings,  or  con ti nuous  settings,  choose  the  maximum,  m in imum  and  med ian  setti ng .  

c)  Prior  to  measuri ng ,  connect  the  appl iance  to  a  power supply.  Tu rn  the  l i gh t  poin t  on ,  set  i t  
to  one  of  the  settings  to  be  measured  and  stabi l i ze  the  l i gh t  poin t  accord ing  to  H .5. 3  at  the  
typical  port  vol tage.  

d )  After  stabi l i zation  i s  complete,  us ing  a  DC  ammeter and  vo l tmeter,  or  two  mu l timeters,  
record  the  cu rren t  and  vol tage  at  the  l i gh t  poin t  (where  the  wi re  l eads  are  connected  to  
the  l i gh t  poin t  as  shown  i n  Figure  H . 1 ) ,  and  whether the  l i gh t  po in t  i s  functional  (yes/no) .  
(The  curren t  and  vol tage  measurement  functional i ty  may be  read  from  the  power supply  
provided  i t  meets  the  accuracy requ i rements  of  Table  CC. 2  after  accoun ting  for vol tage  
d rop  i n  the  wi res  between  the  power supply  and  the  l i gh t  po in t. )  

e)  For each  add i ti onal  setti ng  to  be  measured ,  set  the  l i gh t  poin t  to  the  setti ng  being  
measured  and  al l ow i t  to  s tabi l i ze  for  5  m in .  Then  repeat  step  d )  for  the  setting  being  
measured .  

FF.4.2.5  Calcu lations   

Calcu late  the  DC  power consumption  for  each  setti ng  by mu l ti pl ying  the  cu rren t  and  vo l tage  
measured  at  the  typical  port  vol tage  for  each  setti ng .  



 – 300  – IEC  TS  62257-9-5:201 6    I EC  201 6  

FF.4.3  Test  procedure for  television  sets  

FF.4.3.1  General  

The  DUT’s  i ncluded  te levis ion  set’ s  On  (operation )  mode  power consumption  shal l  be  
measured  as  speci fi ed  i n  I EC  62087-3:201 5,  6 . 4,  us i ng  the  dynamic  broadcast-con ten t  video  
s ignal  provided  i n  IEC  62087-2:201 5,  4 . 1 . 3 .  

FF.4.3.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment  i s  requ i red :  

•  DC  power supply  meeting  the  requ i rements  i n  Annex CC;  

•  power measurement  i nstrument  meeting  the  requ i rements  of  IEC  62087-1 :201 5,  5 . 1 . 5;  

•  aud io/video  s ignal  generation  equ ipment  meeting  the  requ i rements  of  IEC  62087-2:201 5,  
6 . 1 ,  6 . 2 ,  and  6 . 3 ;  

•  dynamic  broadcast-con ten t  vi deo  s ignal  media  provided  i n  I EC  62087-2:201 5,  4 . 1 . 3 ;  

•  i l l um inance  measuri ng  i nstrument  meeting  the  requ i rements  of  I EC  62087-1 :201 5,  5 . 1 . 8 ,  i f  
the  te levis ion  set  i s  tested  wi th  au tomatic  brigh tness  con tro l  enabled .  

FF.4.3.3  Test  prerequ isi tes  

At the  start  o f  the  test  the  te levis ion  set  samples  shal l  be  m in imal l y  al tered  and  fu l l y  functi onal .   

Samples  shou ld  be  prepared  accord ing  to  Annex G .  

FF.4.3.4  Procedure 

a)  I den ti fy  the  DUT’s  typical  port  vo l tages  for  any ports  that  cou ld  be  used  to  power the  
te levis ion  set,  us ing  the  values  calcu lated  i n  EE.4. 4.  

b)  Prior  to  measuring ,  connect  the  te levis ion  set  to  a  power supply  set  at  the  typical  port  
vo l tage  for one  of  the  ports  i den ti fi ed  i n  s tep  a) .  

c)  Con fi gu re  the  te levis ion  set  as  speci fi ed  i n  I EC  62087-3:201 5,  6 . 3 . 1 0 .  

d )  Stabi l i ze  the  te levis ion  set  as  per  I EC  62087-3:201 5,  6 . 4.2 .  

e)  Measure  the  te levis ion  set’s  On  (operati on)  mode  power consumption  usi ng  the  dynamic  
broadcast-conten t  video  s i gnal  accord ing  to  I EC  62087-3:201 5,  6 . 4.5. 3 .  

f)  Record  whether the  te levis ion  set  i s  fu l l y  functional .  

For te levis ion  sets  wi th  an  au tomatic  bri gh tness  con tro l  featu re  enabled  by defau l t,  the  
product  speci fi cation  shou ld  speci fy whether the  testing  shou ld  be  done  wi th  au tomatic  
bri gh tness  con trol  enabled  or  d i sabled .  

FF.4.3.5  Calcu lations  

Calcu late  the  average  power consumed  over the  fu l l ,  ten  m inu te  duration  of  the  dynamic 
broadcast-con ten t  video  s i gnal  as  per I EC  62087-3:201 5,  C lause  A. 4.  

FF.4.4  Test  procedure for  rad ios  wi thout  in ternal  batteries  

FF.4.4.1  General  

The  DUT’s  i ncluded  rad io  wi thou t  i n ternal  batteries  i s  tested  for  power consumption .  

FF.4.4.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment  i s  requ i red :  

•  DC  ammeter and  vol tmeter,  or  two  mu l timeters,  meeting  the  requ i rements  i n  Annex CC;  
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•  sound  l evel  meter that  at  a  m in imum  meets  the  requ i rements  of  I EC  61 672-1  C lass  2  and  
has  a  measurement  range  that  has  a  m in imum  of  at  most  34  dBA;  

•  compu ter or hardware  device  able  to  generate  pink noise;  

•  FM  transmi tter able  to  receive  an  aud io  s i gnal  i npu t  from  the  compu ter or hardware  device  
ou tpu t.  

FF.4.4.3  Test  prerequ isi tes  

At the  start  of  the  test  the  rad io  samples  shal l  be  m in imal l y  al tered  and  fu l l y  functional .   

Samples  shou ld  be  prepared  accord ing  to  Annex G .  

FF.4.4.4  Procedure 

a)  I den ti fy  the  DUT’s  typical  port  vol tages  for  any ports  that  cou ld  be  used  to  power the  rad io ,  
us ing  the  values  calcu lated  i n  EE. 4.4.  

b)  P lace  the  sound  level  meter at  a  d istance  of  0 , 5  m  from  the  rad io  speaker and  ensure  the  
background  noise  l evel  measured  i s  l ess  than  35  dBA.  

c)  Generate  a  pink no ise  aud io  s ignal  us ing  a  compu ter or  hardware  device  and  ou tpu t  th is  
to  the  FM  transmi tter.  

d )  Ad just  the  ou tpu t  vo lume  from  the  computer  or  hardware  device  and  the  FM  transmi tter  to  
the  approximately  50  %.  

e)  Tune  the  rad io  to  clearly  receive  the  pink no ise  aud io  s ignal  from  the  FM  transmi tter.  

f)  Ad just  the  volume  ou tpu t  from  the  rad io  such  that  the  sound  level  meter  measures  70  dBA 
at  a  d i stance  of  0 , 5  m  from  the  rad io  speaker.  

g )  Al low the  rad io  to  stabi l i ze  for  30  m in .  

h )  Re-ad just  the  volume  ou tpu t  from  the  rad io  such  that  the  sound  l evel  meter  measures  
70  dBA at  a  d i stance  of  0 , 5  m  from  the  rad io  speaker.  

i )  After  s tabi l i zation  i s  complete,  us ing  a DC  ammeter and  vol tmeter,  or  two  mu l timeters,  
record  the  cu rren t  and  vo l tage  at  the  rad io  (where  the  wi re  l eads  are  connected  to  the  
rad io  as  shown  i n  Figu re  H . 1 ) ,  and  whether the  rad io  i s  functional  (yes/no) .  

FF.4.4.5  Calcu lations   

Calcu late  the  DC  power consumption  by mu l ti plying  the  curren t  and  vol tage  measured  at  the  
typical  port  vo l tage.  

FF.4.5  Test  procedure for  fans,  motor-driven  appl iances,  and  other appl iances  
without  in ternal  batteries 

FF.4.5.1  General  

The  DUT’s  i ncluded  fan ,  motor-driven  appl iance,  or  o ther appl iance  wi thou t  i n ternal  batteries  
i s  tested  for  power consumption .  

FF.4.5.2  Equ ipment  requ irements 

The  fo l lowing  equ ipment  i s  requ i red :  

•  DC  power supply  meeting  the  requ i rements  i n  Annex CC;  

•  DC  ammeter and  vo l tmeter,  or  two  mu l t imeters,  meeting  the  requ i rements  i n  Annex CC.  

FF.4.5.3  Test  prerequ isi tes 

At the  start  o f  the  test  the  appl iance  samples  shal l  be  m in imal ly  al tered  and  fu l l y  functi onal .  
Fans  shal l  be  tested  i n  sti l l  ai r.  
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Samples  shou ld  be  prepared  accord ing  to  Annex G .  

FF.4.5.4  Procedure 

a)  I den ti fy  the  DUT’s  typical  port  vol tages  for  any ports  that  cou ld  be  used  to  power the  
appl iance,  us ing  the  values  calcu lated  i n  EE.4. 4.  

b)  I den ti fy  the  appl iance  setti ngs  to  be  measured .  Each  of  the  appl iance  settings  shou ld  be  
measured,  up  to  a  maximum  of  th ree  setti ngs.  I f  the  appl iance  offers  more  than  th ree  
setti ngs,  or  con tinuous  settings,  choose  the  maximum,  m in imum  and  med ian  setti ng .  

c)  Prior  to  measuri ng ,  connect  the  appl iance  to  a  power supply  set  to  the  typical  port  vo l tage.  
Turn  the  appl iance  on  and  set  i t  to  one  of  the  setti ngs  to  be  measured .  

d )  Ad just  the  power supply so  that  the  vo l tage  at  the  appl iance  (where  the  wi re  leads  are  
connected  to  the  appl iance  as  shown  i n  Figure  H . 1 )  i s  the  typical  port  vol tage.  

e)  Al low the  appl iance  to  stabi l i ze  for  30  m in .  

f)  After  s tabi l i zation  i s  complete,  us ing  a DC  ammeter and  vol tmeter,  or  two  mu l timeters,  
record  the  cu rren t  and  vo l tage  at  the  appl iance  (where  the  wi re  l eads  are  connected  to  the  
appl iance  as  shown  i n  Figure  H . 1 ) ,  and  whether the  appl iance  i s  functi onal  (yes/no) .  (The  
cu rren t  and  vol tage  measurement functional i ty  may be  read  from  the  power supply 
provided  i t  meets  the  accuracy requ i rements  of  Table  CC. 2  after taking  i n to  account  the  
vo l tage  d rop  i n  the  wi res  connecting  the  power supply  to  the  appl iance. )  

g )  For each  add i ti onal  setti ng  to  be  measured ,  set  the  appl iance  to  the  setti ng  being  
measured  and  al l ow i t  to  s tabi l i ze  for  30  m in .  Then  repeat step f)  for  the  setti ng  being  
measured .  

FF.4.5.5  Calcu lations   

Calcu late  the  DC  power consumption  for  each  setting  by mu l ti plying  the  cu rren t  and  vol tage  
measured  at  the  typical  port  vo l tage  for  each  setti ng .  

FF.4.6  Test  procedure  for  other appl iances  wi th  in ternal  batteries  

FF.4.6.1  General  

The  DUT’s  appl iance  wi th  i n ternal  batteries  i s  tested  for  power consumption .  

FF.4.6.2  Equ ipment  requ irements 

The  fo l l owing  equ ipment i s  requ i red .  Equ ipment  shal l  meet  the  requ i rements  of  Annex CC.  

•  Battery analyser.  

•  Vo l tage  data l ogger.  

•  Cu rren t  data l ogger (e . g .  vo l tage  data l ogger and  cu rren t  transducer) .  

FF.4.6.3  Test  prerequ isi tes  

At the  start  o f  the  test  the  appl iance  samples  shal l  be  m in imal ly  al tered  and  fu l l y  functi onal .  
Fans  shal l  be  tested  i n  st i l l  ai r.  

Samples  shou ld  be  prepared  accord ing  to  Annex G .  

Th is  test  shou ld  be  performed  after  the  standby l oss  measurement (S.4.5) .  

FF.4.6.4  Procedure 

Perform  the  fo l l owing  steps.  
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a)  I den ti fy  the  appl iance  settings  to  be  measured .  Each  of  the  appl iance  setti ngs  shou ld  be  
measured ,  up  to  a  maximum  of  th ree  setti ngs.  I f  the  appl iance  offers  more  than  th ree  
settings,  or  con ti nuous  settings,  choose  the  maximum,  m in imum  and  median  setti ng .  

b)  Charge  or d i scharge  the  appl iance  battery un ti l  i t  i s  at  a  s tate-of-charge  of  50  %.  
Determ ine  the  DUT’s  battery capaci ty  accord ing  to  the  battery test  annex (Annex K) .  

c)  Prepare  the  vo l tage  data l ogger to  measure  vol tage  across  the  appl iance  battery term inals  
at  i n tervals  of  1  s  or  l ess.  Prepare  the  cu rren t  data logger to  measure  the  curren t  exi ti ng  
the  appl iance  battery at  the  negati ve  battery term inal  at  i n tervals  of  1  s  or  l ess.  

d )  Tu rn  the  appl iance  on  and  set  i t  to  one  of  the  setti ngs  to  be  measured .  

e)  Record  vol tage  and  curren t  for  1 0  m in .  

f)  Repeat  the  test  for  each  setting  to  be  measured .  

FF.4.6.5  Calcu lations   

Analyse  the  t ime-series  cu rren t  and  vo l tage  data to  estimate  the  average  power over each  
setti ng ’s  run  t ime  and  the  total  energy removed  from  the  battery over each  setti ng ’s  run  t ime.  

a)  Determ ine  the  average  power over the  run  t ime  (Pb, i)  us ing  the  fo l l owing  formu la:  

 

where  

Pb, i  i s  the  average  power exi ti ng  the  battery over the  run  time,  i n  watts  (W) ;  

Ib, i  i s  the  cu rren t  exi ti ng  the  battery over the  run  t ime,  i n  amperes  (A) ;  

Vb, i  i s  the  vol tage  exi t i ng  the  battery over the  run  t ime,  i n  vol ts  (V) ;  

n  i s  the  total  number of  cu rren t  and  vo l tage  measurements  over the  run  t ime  (un i tl ess) .  

b)  Determ ine  the  energy removed  from  the  battery over the  run  t ime  (Eb, i)  us ing  the  fo l l owing  
formu la:  

 

where  

Eb, i  i s  the  energy exi ti ng  the  battery over the  run  t ime,  i n  watt∙ hours  (Wh) ;  

Ib, i  i s  the  cu rren t  exi ti ng  the  battery over the  run  t ime,  i n  amperes  (A) ;  

Vb, i  i s  the  vol tage  exi t i ng  the  battery over the  run  t ime,  i n  vol ts  (V) ;  

ti  i s  the  du ration  of  t ime  associated  wi th  each  curren t  and  vo l tage  poin t  over the  run  
t ime,  i n  hours  (h ) .  

FF.5  Appl iance operating  vol tage range test  procedure 

FF.5.1  General  

Th is  procedure  assesses  whether the  appl iance  operates  normal l y  and  wi thou t  damage  at  the  
operati ng  vo l tages  that  i t  wou ld  experience  when  powered  by the  ki t  under test.  Th is  
procedure  shal l  be  performed  on  al l  appl i ances  that  were  not  subject  to  the  test  procedure  i n  
EE.4.2. 5.  I f  the  appl iance  was  tested  wi th  the  ki t  i n  EE.4. 2. 5,  th i s  procedure  i s  not  necessary.  

NOTE  Th i s  procedu re  i s  primari l y  i n tended  to  enable  testi ng  o f  add i t i onal  appl i ances  for  ki ts  that  have  al ready  
been  tested ,  i n  cases  where  the  test  l aboratory  does  n ot  possess  samples  of  the  ki t  componen ts  requ i red  for  the  
test  i n  EE . 4. 2 . 5 ,  for  example  i n  cases  where  a  manu factu rer  wi shes  to  i ncl u de  a  new appl i ance  i n  an  exi st i ng  ki t  
that  has  al ready been  tested  accord i n g  to  th i s  part  o f  I EC  62257.  
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FF.5.2  Equ ipment  requ irements  

The  fo l l owing  equ ipment i s  requ i red :  

•  DC  power supply  meeting  the  requ i rements  i n  Annex CC;  

•  DC  ammeter and  vo l tmeter,  or  two  mu l t imeters,  meeting  the  requ i rements  i n  Annex CC.  

FF.5.3  Procedure for  appl iances  wi thout  in ternal  batteries  

Th is  procedure  shal l  be  performed  after the  power consumption  has  been  measured  
accord ing  to  FF.4.  Perform  the  fo l l owing  steps.  

a)  I f  the  appl iance  has  an  on /off  swi tch  or  can  otherwise  be  tu rned  off,  perform  the  fo l lowing  
steps.  

1 )  Turn  off  the  appl iance.  Measure  the  power or cu rren t  consumption  of  the  appl iance  at  
the  typical  port  vol tage  for  one  of  the  appropriate  ports  for  that  appl iance.  

2)  From  the  plots  of  port  vo l tage  vs.  power or  port  vol tage  vs.  cu rren t  generated  i n  
EE. 4. 2. 6,  and  correspond ing  data,  i den ti fy  the  h ighest  vol tage  over al l  test  cond i tions  
correspond ing  to  the  cu rren t  or  power consumption  of  the  appl iance  when  tu rned  off,  
as  measured  i n  s tep 1 ) .  I f  necessary,  l i nearly  i n terpolate  between  ad jacent  
measurements.  I f  the  appl iance  can  be  used  wi th  mu l tiple  ports,  use  the  h i ghest  value  
over al l  ports  wi th  wh ich  the  appl iance  can  be  used .   

3 )  Wi thou t  tu rn ing  the  appl iance  on ,  apply  a  vol tage  to  the  appl iance  equal  to  the  value  
i den ti f ied  i n  s tep  2) .  

4)  Wai t  5  m in .  

5)  Return  the  vo l tage  at  the  appl iance  to  the  typical  port  vo l tage.  

6)  Record  whether the  appl iance  functions  correctly;  note  any damage or  abnormal  
operati on .  

b)  Perform  the  fo l l owing  steps  for  each  appl iance  setti ng  measured  i n  FF.4.  

1 )  From  the  plots  of  port  vo l tage  vs.  power generated  i n  EE.4. 2.6,  and  correspond ing  
data,  i den ti fy  the  m in imum  and  maximum  vol tage  over al l  test  cond i ti ons  corresponding  
to  the  power consumption  of  the  appl iance  as  measured  i n  FF. 4.  I f  necessary,  l i nearly  
i n terpolate  between  ad jacen t  measurements.  I f  the  appl iance  can  be  used  wi th  mu l tiple  
ports,  use  the  m in imum  and  maximum  values  over al l  ports  wi th  wh ich  the  appl iance  
can  be  used.  

2)  Apply  a  vo l tage  to  the  appl iance  equal  to  the  m in imum  vol tage  i den ti fi ed  i n  s tep  1 ) .  

3 )  Tu rn  ON  the  appl iance  and  al l ow i t  to  operate  for  at  l east  f i ve  m inu tes.  Record  whether 
the  appl iance  functions  correctl y;  note  any damage  or  abnormal  operation  

4)  Set  the  vol tage  at  the  appl iance  to  the  maximum  vol tage  i den ti fi ed  i n  s tep 1 ) .  

5 )  Al low the  appl iance  to  operate  for  at  l east  f i ve  m inu tes.  Record  whether the  appl iance  
functions  correctl y;  note  any damage  or  abnormal  operati on .  

6)  I f  the  appl iance  does  not  function  correctly,  retu rn  the  vo l tage  at  the  appl iance  to  the  
typical  port  vol tage  and  again  test  the  appl iance  for  functional i ty.  

FF.5.4  Procedure  for  appl iances wi th  in ternal  batteries  

Perform  the  fo l l owing  steps.  

a)  I den ti fy the  typical  port  vo l tage  of  a  port  on  the  ki t  wi th  wh ich  the  appl iance  i s  l i ke ly to  be  
used .  

b)  Fu l l y  d ischarge  the  appl iance’s  battery.  

c)  Using  a  DC  power supply,  apply a  vo l tage  to  the  appl iance  equal  to  the  typical  port  
vo l tage  i den ti fi ed  i n  s tep a) .  

d )  Al l ow the  appl iance  to  stabi l i ze  for  5  m in .  

e)  Measure  the  cu rren t  after  the  5  m in  stabi l i zation  period  has  e lapsed .  
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f)  From  the  plots  of  port  vo l tage  vs.  port  cu rren t  generated  i n  EE.4.2. 6,  and  correspond ing  
data,  i den ti fy  the  m in imum  and  maximum  port  vo l tage  values  over al l  test  cond i t ions  
correspond ing  to  the  appl iance  cu rren t  measured  i n  s tep  e) .  I f  necessary,  l i nearl y  
i n terpolate  between  ad jacen t  measurements.  I f  the  appl iance  can  be  used  wi th  mu l t iple  
ports,  use  the  m in imum  and  maximum  values  over al l  ports  wi th  wh ich  the  appl iance  can  
be  used .  

g )  Apply  a  vo l tage  to  the  appl iance  equal  to  the  m in imum  vol tage  i den ti f ied  i n  s tep  f) .  

h )  Determ ine  whether the  appl iance  charges  by observing  the  port  current  as  wel l  as  any 
charg ing  i nd i cators  on  the  appl iance.  Record  whether the  appl iance  charges.  

i )  Apply  a  vo l tage  to  the  appl iance  equal  to  the  maximum  vol tage  i den ti fi ed  i n  s tep  f) .  

j )  Determ ine  whether the  appl iance  charges  by observing  the  port  current  as  wel l  as  any 
charg ing  i nd i cators  on  the  appl iance.  Record  whether the  appl iance  charges.  

k)  I f  the  appl iance  does  not  charge  or  exh ibi ts  abnormal  behaviou r i n  s tep  j ) ,  decrease  the  
vol tage  at  the  appl iance  to  the  typical  port  vo l tage  and  again  check whether the  appl iance  
charges.  

l )  Fu l l y  charge  the  appl iance’s  battery.  (Al ternati vely,  use  a  d i fferen t  sample  of  the  appl iance  
wi th  a  fu l l y  charged  battery. )  

m )  Using  a  DC  power supply,  apply  a  vo l tage  to  the  appl iance  equal  to  the  typical  port  
vol tage  i denti f i ed  i n  s tep  a) .  

n )  Al low the  appl iance  to  stabi l i ze  for  at  l east  f i ve  m inu tes.  ( I n  some  cases,  an  appl iance  wi l l  
briefl y  charge  when  connected  even  though  the  battery was  fu l l y  charged .  I n  th i s  case,  
al low the  appl iance  to  stop charg ing  (e . g .  wai t  un ti l  the  curren t  drops  to  zero  or  to  a  l ow 
value)  before  starti ng  the  fi ve-m inu te  wai t ing  period . )  

o)  Repeat  steps  e)  th rough  k)  wi th  the  fu l l y  charged  appl iance.  I f  the  appl iance  starts  
charg ing  when  the  vol tage  i s  changed ,  s tart  the  5  m in  t imer after the  appl iance  stops  
charg ing .  

p)  D isconnect  the  appl iance  from  the  port.  

q )  Check the  appl iance  for  functional i ty.  Note  any damage  or  abnormal  operation .  

FF.6  Reporting  

Report  the  fo l lowing  i n  the  appl iance  power consumption  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu factu rer;  

– DUT name;  

– DUT model  number;  

– test  room  temperatu re  (°C) ;  

– name of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval ;  

– appl iances  tested ;  

– appl iance  setti ngs  tested;  

– resu l ts  for  tested  appl iances  aspects  for  samples  1  th rough  n;  

– comments.  
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•  Tables:  

– table  of  typical  port  vol tage,  measured  vo l tage,  measured  cu rren t,  power,  and ,  whether 
the  appl iance  i s  functional  for  each  sample  of  each  appl iance  on  each  setti ng  (see 
Table  FF.2  for an  example);  

– comments;  

– i nd i vidual  comments,  as  necessary,  for  samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  o f  samples  1  th rough  n.  

Table  FF.2  – Example  table  of  nominal  operating  vol tage,  measured  vol tage,  
measured  current,  and  calcu lated  power.  

Appl iance  Setti ng  Sample  
# 

Typical  
port  

vol tage  

V  

Measured  
vol tage   

V  

Measured  
current  

A  

Power 

W 

Functional i ty  

Yes/no  

Remarks  

Lig h t  1  H i g h  1  1 2 , 3  1 2 , 32  0 , 27  3 , 3  Yes   

Fan  H i g h  1  1 2 , 3  1 2 , 32  0 , 67  8, 25  Yes   

TV Standard  1  1 2 , 3  1 2 , 32  1 , 21  1 4 , 9  Yes   
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Annex GG  
(normative)  

 
Energy service calculations 

 

GG.1  Background  

Annex GG  describes  methods  for  syn thesizi ng  test  resu l ts  to  estimate  the  energy service  
capabi l i t i es  for  an  off-g rid  so lar l i gh ti ng  product  wi th  add i t i onal  appl iances.  The  range  of  
energy services  encapsu late  a  u ti l i ty  l evel  (e . g . ,  l umens  of  l i gh t,  or  vo lume  of  rad io  play)  and  
a  du ration  or  run  t ime.  Run  t imes  are  often  adverti sed  for  one  or  two  i n i t i al  battery states  – 
wi th  a  fu l l y-charged  battery and  after a  typical  day’s  so lar  charge.  As  systems  get  more  
complex and  can  power a  d i verse  range  of  l oads,  the  number of  permutations  i n  poten tial  
service  l evel  combinations  g rows  exponen tial l y.  The  methods  described  here  i nclude  
estimates  for   

a)  appl iances  used  i nd ivi dual l y  i n  each  setti ng  (al l  o ther  appl iances  off) ,  and  

b)  speci fied  combinations  of  appl iances  used  together i n  speci fi c  setti ngs.  

The  fu l l -battery run  t ime  test  (Annex M)  i ncludes  two  fu l l -battery run  times  – one  wi th  on ly  the  
l i gh ting  appl iance(s)  (on  the  brigh test  settings)  and  one  wi th  al l  appl iances  on  wi th  the  h ighest  
setti ngs  se lected ,  as  appropriate  for appl iance  type.  Th is  approach  maps  some bu t  not  al l  
possible  fu l l -battery run  t ime  settings  or  appl iance  combinations.  Combin ing  these  estimates  
wi th  supporti ng  i n formation  abou t  the  system,  Annex GG  describes  estimates  for 

a)  each  appl iance’s  fu l l -battery run  t ime  used  i nd ividual l y  i n  each  setti ng ,   

b)  fu l l -battery run  times  for  appl iances  combined  under an  example  usage  profi le  speci fi ed  by 
the  test  method ,  and   

c)  fu l l -battery run  t imes  for  appl iances  combined  under an  adverti sed  usage  (on ly  captu red  i f  
a  run  t ime  combination  i s  adverti sed) .  

The  th ree  scenarios  of  i n terest  aim  to  cover al l  possible  methods  of  adverti s ing  the  DUT’s  fu l l -
battery run  time  as  wel l  as  an  example  usage  profi l e  i f  no  appropriate  usage  combination  i s  
adverti sed .  I f  the  DUT has  on ly  one  l i gh ti ng  appl iance  and  no  add i tional  appl iance  options,  
then  run  times  described  i n  scenarios  b)  and  c)  above  cannot  be  estimated .   

The  other core  ou tpu t  from  th is  method  i s  a  set  o f  s im i lar  run  t imes  describing  the  way the  
DUT can  u ti l i ze  a  typical  day’s  solar charge,  referred  to  as  the  DUT’s  solar run  t imes.  The  
procedures  i n  Annex GG  estimate  the  DUT’s  solar run  t imes  based  on  effi ciency values  
determined  i n  the  so lar charge  test  (Annex R)  for the  fo l l owing :  

a)  each  appl iance’s  solar run  time  used  i nd ividual ly  i n  each  setti ng ;  

b)  so lar run  t imes  for  appl iances  combined  under an  example  usage  profi le  speci fied  by the  
test  method ;  

c)  so lar run  t imes  for  appl iances  combined  under an  adverti sed  usage  (on ly captu red  i f  a  run  
t ime  combination  i s  adverti sed) .  

Estimates  for  the  energy service  are  based  on  a conceptual  model  o f  o ff-g rid  power systems  
summarized  i n  Figu re  GG. 1 .  The  energy pathways  ou tl i ned  here  are  the  framework for  
estimating  avai lable  service  from  a fu l l y  charged  battery or dai l y  patterns  of  so lar charg ing  
and  u ti l i zation .  
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Key 

1  Energ y avai l able  from  so l ar  charg i ng  

2  Power con tro l  e l ectron i cs    

3  Energ y for  charg i n g  the  battery  

4  Energ y d i scharge  from  the  battery  

5  Energ y u t i l i zed  by  port  1  by one  or  more  appl i an ces  (e . g .  l i g h t  po i n t(s ) )  

6  Energ y u t i l i zed  by  port  2  by one  or  more  appl i an ces  (e . g .  mobi l e  phone(s) )  

7  Energ y u t i l i zed  by  o ther  port(s )  by  one  o r  more  appl i ances  

8  Bou nd i ng  box  for  energ y transformati on ,  s torage,  an d  con tro l  e l emen ts  

Figure  GG.1  – Conceptual  energy flow d iagram  for energy service  estimates 

The  dai l y  so lar  run  time  calcu lati on  procedure  may be  mod i fi ed  to  obtain  a  dai l y  
e lectromechan ical  run  t ime  calcu lation  procedure  for  e lectromechan ical l y-charged  products,  
referencing  the  e lectromechan ical  charge  test  (Annex P) .  

GG.2  Test  outcomes 

The  test  ou tcomes  of  the  dai l y  energy service  calcu lations  are  l i s ted  i n  Table  GG. 1 .  

IEC  

1  
2  

3  
4  

5  

6  

7  

8  
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Table  GG.1  – Dai ly energy service  calcu lations  outcomes 

Metric  Reporting  un i ts  Related  aspects  Remarks  

Esti mated  fu l l -battery  run  
t i m e(s)  for each  appl i an ce  
un der  adverti sed  u sag e  

H ou rs  (h )  n /a  Esti mated  fu l l -battery ru n  t i me  
for  al l  adverti sed  appl i an ces  
under adverti sed  u sage  wi th  a  
fu l l y-ch arged  battery.  Mu l t i p l e  
ou tcomes  may be  foun d  – one  
for  each  speci fi ed  appl i ance  
on  each  i ndependen t  sett i n g .  

Esti mated  fu l l -battery  run  
t i m e(s)  for each  appl i an ce  
un der  an  example  u sag e  
prof i l e  

H ou rs  (h )  n /a  Esti mated  fu l l -battery ru n  t i me  
for  al l  adverti sed  appl i an ces  
under an  example  u sage  
profi l e  wi th  a  fu l l y-charg ed  
battery.  Mu l t i p l e  ou tcomes  wi l l  
be  found  – one  for  each  
speci f i ed  l oad  on  each  
i ndependen t  sett i ng .  

Esti mated  fu l l -battery  run  
t i m e(s)  for each  
appl i ances  under  
i nd i vi du al  u sage   

H ou rs  (h )  n /a  Esti mated  fu l l -battery  run  t i me  
for  al l  adverti sed  appl i an ces  
under i n d i vi dual  u sage  wi th  a  
fu l l y-ch arg ed  battery.  Mu l t i p l e  
ou tcomes  wi l l  be  found  – one  
for  each  speci fi ed  l oad  on  
each  i ndependen t  sett i ng .  

Esti mated  fu l l -battery  run  
t i m e  fracti on  o f  a  fu l l  
charge  an  advert i sed  
mobi l e  phone  rece i ves  

Percen tag e  (%)  n /a  On l y determ i ned  for  DU T’s  
that  advert i se  charg i ng  a  
mobi l e  phone.  Est i mates  sh al l  
be  determ in ed  u nder  
adverti sed  u sage  ( i f  
adverti sed ) ,  typi cal  u sage,  and  
i nd i vi dual  u sage.  

Dai l y  energ y avai l abl e  to  
appl i ances  after  a  
s tandard  so l ar  day  

Energy (Wh )  4 . 2 . 8 . 2  Dai l y  energy 
service  

Th e  am oun t  of  energy 
avai l abl e  to  the  product’ s  
appl i ances  after  charg i ng  over 
a  s tandard  so l ar  day.  M u l t i pl e  
ou tcomes  wi l l  be  found  – one  
assum i ng  typi cal  l oad  usage  
and  another  assum i ng  the  l oad  
u sage  adverti sed  wi th  th e  
product.  

Dai l y  energy servi ce  for  
al l  speci f i ed  l oads  u nder  
advert i sed  u sag e  after  a  
s tandard  so l ar  day  

H ou rs  (h )  4 . 2 . 8 . 2  Dai l y  energy 
service  

Calcu l ated  for  th e  use  o f  al l  
speci f i ed  l oads  over a  day 
based  on  advert i sed  u sage.  
Mu l t i pl e  ou tcom es  may be  
fou nd  i f  mu l t i pl e  combi nati ons  
are  adverti sed  

Dai l y  energy servi ce  for  
al l  speci f i ed  l oads  u nder  
an  exam ple  u sag e  pro fi l e  
after  a  s tan dard  so l ar  day  

H ou rs  (h )  4 . 2 . 8 . 3  So l ar-day 
l i g h t i ng  run  t i me  

4 . 2 . 8 . 4  So l ar-day 
appl i ance  run  t ime  

Calcu l ated  for  th e  use  o f  al l  
speci f i ed  l oads  over a  day 
based  on  an  example  usage  
profi l e .  Mu l t i pl e  ou tcomes  wi l l  
be  found  – one  for  each  
speci f i ed  l oad  on  each  
i ndependen t  sett i ng  

Dai l y  energy servi ce  for  
al l  speci f i ed  l oads  u nder  
i nd i vi du al  u sage  after a  
s tandard  so l ar  day  

H ou rs  (h )  4 . 2 . 8 . 3  Sol ar-day 
l i g h t i n g  run  t i me  

4 . 2 . 8 . 4  Sol ar-day 
appl i ance  run  t ime  

Calcu l ated  for  th e  use  o f  on l y  
one  speci f i ed  l oad  over a  day.  
Mu l t i pl e  ou tcomes  wi l l  be  
fou nd  – one  for  each  speci f i ed  
l oad  on  each  i ndepen den t  
se tt i ng  

Esti mated  so l ar  run  t i me  
fracti on  o f  a  fu l l  charge  
an  adverti sed  mobi l e  
ph one  rece i ves  

Percen tag e  (%)  4 . 2 . 8 . 3  So l ar-day 
l i g h t i ng  run  t i me  

On l y determ i ned  for  DU T’s  
that  advert i se  charg i ng  a  
mobi l e  phone.  Est i mates  sh al l  
be  determ in ed  u nder  
adverti sed  u sage  ( i f  
adverti sed ) ,  the  exam ple  
u sage  profi l e ,  and  i nd ivi dual  
u sage.  
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GG.3  Related  tests  

The  dai l y  energy service  calcu lation  i s  re lated  to  the  battery test  (Annex K) ,  the  so lar charge  
test  (Annex R) ,  the  assessment of  DC  ports  (Annex EE) ,  generic  appl iances  (Annex HH) ,  
appl iance  tests  (Annex FF) ,  and  fu l l -battery run  t ime  test  (Annex M) .  

GG.4 Procedure 

GG.4.1  Fu l l -battery run  t ime energy service  calcu lations 

GG.4.1 . 1  General  

Fu l l -battery run  t ime  estimates  are  made  for  each  appl iance  used  i nd ividual l y,  appl iances  
used  i n  an  adverti sed  combination ,  and  appl iances  used  i n  an  example  usage  combination .  

GG.4.1 .2  Equ ipment  requ irements 

No equ ipment  i s  requ i red  for  Annex GG  s ince  i t  on ly  consists  of  calcu lations.  

GG.4.1 .3  Test  prerequ isi tes  

Th is  calcu lation  shal l  be  performed  after completion  of  the  assessment  of  DC  ports  
(Annex EE) ,  the  battery test  (Annex K) ,  generic  appl iances  (Annex HH) ,  appl iance  tests  
(Annex FF) ,  and  the  fu l l -battery run  t ime  test  (Annex M) .  

GG.4.1 .4  Procedure 

A number of  i npu t  values  from  other test  methods  are  requ i red  to  determ ine  the  DUT’s  fu l l -
battery run  t ime  estimates.  Fi rst  i den ti fy  wh ich  i npu t  values  are  needed  for  wh ich  run  t ime  
estimates.  

a)  I den ti fy  the  requ i red  i npu t  values  speci fi ed  i n  Table  GG.2.  

Table  GG.2  – Requ ired  inputs  to  estimate  the  fu l l -battery run  t ime(s)  

Test  method  Annex Requ i red  i nput  

Fu l l -battery  run  t ime  Ann ex  M  Fu l l -battery  run  t ime  (h )  

Fu l l -battery  energ y from  battery  (Wh )  

Averag e  power (W)  

Appl i ance  tests   Ann ex  FF Power consu mpti on  measu remen ts  at  typi cal  port  vo l tage  for  each  
appl i ance  i ncl uded  wi th  the  product  (W)  

Generi c  appl i ances  Ann ex  H H  Power consu mpti on  val u es  for each  appl i ance  that  i s  advert i sed  bu t  
n ot  i ncl uded  wi th  the  product  (W)  

En ergy capaci ty  val u es  for  each  appl i ance  that  i s  adverti sed  bu t  no t  
i ncl uded  wi th  the  product  (Wh)  

Assessmen t  o f  DC  ports   Ann ex  EE  P lots  o f  battery- to-port  effi ci ency vs .  ou tpu t  power for  each  appl i ance  
(%)  

Power consu mpti on  val ues  for  each  bu i l t- i n  or  permanen tl y  
connected  appl i ance  for  each  tested  scenari o  (W)  a  

a  On l y  requ i red  for  appl i ances  i n teg rated  i n to  the  DUT’s  mai n  u n i t  that  cannot  be  separated  for  testi ng ,  o ther  
than  bu i l t - i n  l i g h t  po i n ts  for  wh i ch  average  power i s  de term i ned  i n  the  fu l l -battery  run  t ime  test.  
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b)  Use  the  fo l l owing  set  o f  gu idel i nes  below to  determine  the  power value(s)  to  use  for  wh ich  
type  of  appl iance(s) .   

– For i n tegrated  appl iances,  use  the  power consumption  value  for  the  bu i l t- i n  or 
permanently  connected  appl iance,  calcu lated  i n  the  assessment  of  DC  ports  methods  
(Annex EE) ,  or  the  average  power from  the  fu l l -battery run  t ime  test  (Annex M) .  For 
bu i l t- i n  l i gh t  po in ts,  the  value  from  the  fu l l -battery run  t ime  test  i s  general l y  more  
represen tative  of  typical  use  and  shou ld  be  used  when  avai lable;  however,  the  value  
from  Annex EE  may be  used ,  for  example  to  estimate  l i gh ting  service  for setti ngs  or 
con fi gurations  not  tested  i n  the  fu l l -battery run  t ime  test.  

– For i ncluded,  non- in tegrated  appl iance(s) ,  use  the  power consumption  measurement  
from  the  appl iance  tests  (Annex FF) .  

– For non- included ,  adverti sed  appl iance(s)  wi thou t  batteries,  use  the  power 
consumption  value  provided  by the  manu facturer,  i f  provided ;  o therwise,  reference  the  
generic  appl iances  annex (Annex HH) .   

– For non- included  appl iance(s)  wi th  batteries,  determ ine  the  power consumed  from  the  
DUT’s  main  battery us ing  the  formu la below.  When  possible,  use  values  provided  by 
the  manu factu rer;  otherwise,  reference  the  generic  appl iances  annex (Annex HH) .  
Assume  an  80  % charg ing  effi ci ency for  non- in tegrated  appl iances  wi th  batteries,  i f  the  
value  i s  not  provided  by the  manu facturer.  

 

where  

Pab i s  the  average  power consumed  by the  appl iance  wh i l e  charg ing  from  the  DUT’s  
main  battery,  i n  watts  (W) ;  

Eab i s  the  energy capaci ty  of  the  appl iance,  i n  watt∙ hours  (Wh) ;  

ηcb  i s  the  charg ing  effi ciency between  the  DUT’s  main  battery and  the  appl iance’s  
battery as  a  fraction ;   

tab  i s  the  duration  of  t ime  the  appl iance  requ i res  to  charge  from  the  DUT’s  main  
battery to  receive  a  fu l l  charge,  i n  hou rs  (h ) .  

c)  The  total  energy consumed  from  the  battery i s  determined  i n  the  fu l l -battery run  t ime  test  
(Annex M) .   

d )  The  assessment  of  DC  ports  test  (Annex EE)  provides  th ree  plots  of  the  battery- to-port  
effi ciency vs.  ou tpu t  power for  each  of  the  DUT’s  DC  ports.  Each  plot  represen ts  the  DC 
port’s  behavior at  a  d i fferen t  battery state  of  charge  – maximum,  typical ,  and  m in imum.  
Use  the  power draw by each  appl iance,  determ ined  i n  s tep  b)  above,  to  determ ine  the  
battery- to-port  effi ciencies  at  the  typical  battery state  of  charge.   

e )  An  example  usage  profi le  i s  shown  i n  Table  GG.3  for  possible  adverti sed  appl iances.  Th is  
profi l e  i s  used  to  determine  re lati ve  proporti ons  of  energy for the  DUT’s  appl iances.  

Table  GG.3  – Example usage profi le  

Appl iance  Typical  use  per  standard  solar  day  

Li g h t    

(bri gh test  sett i ng )  

4  h  

Fan  5  h  

Mobi l e  phone  1  charge  a  

Rad i o  3  h  

TV 2  h  

a  Assume  the  energy requ i red  to  fu l l y  charge  a  represen tati ve  bas i c/featu re  
mobi l e  phone  accord i ng  to  Tabl e  H H . 2 .  
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Fol l ow steps  f)  th rough  i )  to  determ ine  each  adverti sed  appl iance’s  fu l l -battery run  t ime  used  
i nd ividual l y  i n  each  setti ng .  Adverti sed  appl iances  are  appl iances  that  the  DUT i s  adverti sed  
to  power;  the i r  run  t imes  are  not  necessari l y  adverti sed  nor are  they necessari l y  i ncluded  wi th  
the  DUT.   

f)  I den ti fy  the  power consumption  by each  appl iance  used  i nd ividual l y  referencing  step  b)  
above.   

g )  I den ti fy the  energy consumption  by each  appl iance  used  i nd ividual l y  referencing  step c)  
above.   

h )  I den ti fy  the  battery- to-appl iance  effi ci ency value  for  each  appl iance  used  i nd ividual l y  
referencing  step  d )  above.  

i )  Determ ine  the  maximum  avai labi l i ty  (tr)  o f  each  appl iance  when  used  i nd ividual l y  us ing  
the  power consumptions  (Pa)  for  the  appl iance,  determ ined  i n  s tep  f) ,  energy consumption  
from  the  DUT’s  main  battery by the  appl iance  (EI ) ,  determ ined  i n  step  g ) ,  and  the  
appropriate  battery- to-appl iance  effi ciency (ηb-a) ,  determ ined  i n  s tep  h ) .  Use  the  fo l l owing  
formu la:   

 

where  

tr  i s  the  du ration  of  t ime  the  appl iance  can  be  used  i nd ividual l y,  i n  hours  (h ) ;  

EI i s  the  energy avai lable  from  the  DUT’s  main  battery when  us ing  the  appl iance  
i nd ividual l y,  i n  watt∙ hours  (Wh) ;  

Pa  i s  the  average  power consumed  by the  appl iance,  i n  watts  (W) ;  

ηb-a  i s  the  battery- to-appl iance  effi ciency as  a  fraction .  

Fo l low steps  j )  th rough  p)  to  determine  the  fu l l -battery run  t imes  for  the  adverti sed  appl iances  
under the  example  usage  profi le .  Typical  usage  for  appl iances  i s  based  on  how a  customer 
expects  to  use  the  appl iances.  Table  GG.3  provides  an  example  usage  profi l e  for possible  
appl iances  and  can  be  used  to  determ ine  each  appl iance’s  re lati ve  proportion  of  energy 
al l ocation .  

j )  I den ti fy  the  power consumption  by the  DUT’s  adverti sed  appl iance(s)  referencing  step  b)  
above.  

k)  I den ti fy  the  energy consumption  by the  DUT’s  adverti sed  appl iance(s)  referencing  step  c)  
above.  

l )  I den ti fy  the  battery- to-appl iance  effi ciency value  for  the  DUT’s  adverti sed  appl iance(s)  
referencing  step  d )  above.  

m )  Determ ine  the  necessary energy from  the  DUT’s  main  battery for  each  appl iance  (Ear) ,  
su ffi cien t  to  provide  the  target  usage  values  per  appl iance  (tr)  accord ing  to  the  example   
usage  profi le  i n  Table  GG. 3.  For  each  appl iance,  use  the  appropriate  power consumption  
(Pa)  ,  determ ined  i n  s tep j ) ,   and  the  appropriate  battery- to-appl iance  effi ciency (ηb-a)  ,  
determ ined  i n  s tep  l ) ,   to  f i nd  energy demand:   

 

where  

Ear i s  the  energy demand  from  the  DUT’s  main  battery to  power the  appl iance  over the  
speci fied  use  period ,  i n  watt∙ hours  (Wh) ;  

Pa i s  the  average  power consumed  by the  appl iance,  i n  watts  (W) ;  

tr  i s  the  du ration  of  t ime  the  appl iance  i s  i n  use,  i n  hours  (h ) ;  

ηb-a  i s  the  battery- to-appl iance  effi ciency as  a  fraction .  

n )  Determ ine  the  actual  energy avai lable  from  the  DUT’s  battery to  each  appl iance  (Ea) ,  
e i ther taking  away or  add ing  to  the  service  of  each  appl iance  i n  proportion .  The  expected  
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energy avai lable  from  the  battery (Eb)  i s  parsed  to  each  appl iance’s  energy al l ocation  
based  on  the  fo l l owing  formu la:   

 

where  

Ea i s  the  actual  expected  energy consumption  used  by the  appl iance  du ri ng  the  fu l l -
battery run  t ime,  i n  watt∙ hours  (Wh) ;  

Eb i s  energy avai lable  from  the  battery du ring  the  fu l l -battery run  t ime,  i n  watt∙ hours  
(Wh) ;   

Ear i s  the  energy consumption  by an  appl iance  over the  speci fi ed  target  use  period ,  i n  
watt∙ hours  (Wh) ;  

∑Ear, i  i s  the  total  energy consumption  from  al l  the  appl iances  i n  the  set  over thei r  
speci fied  use  periods,  i n  watt∙ hours  (Wh) .  

o )  Determ ine  the  actual  du ration  of  each  appl iance’s  service  (as  appropriate)  us ing  the  
actual  energy provided  from  the  DUT’s  battery to  each  appl iance  (Ea) ,  determ ined  i n  step 
k) ,  the  appropriate  power consumption  (Pa) ,  determ ined  i n  s tep  i ) ,  and  the  appropriate  
battery- to-appl iance  effi ciency (ηb-a) ,  determ ined  i n  s tep  l ) .  

Use  the  fo l lowing  formu la  for  appl iances  wi thou t  batteries:   

 

where  

ta  i s  the  actual  du rati on  of  t ime  the  appl iance  i s  avai lable  for  use  under the  speci fi ed  
scenario  for  al l ocating  energy to  a  set  o f  appl iances,  i n  hou rs  (h ) ;  

Ea  i s  the  actual  energy consumption  for the  appl iance  du ri ng  the  fu l l -battery run  t ime,  
i n  watt∙ hours  (Wh) ;  

Pa  i s  the  power en tering  the  appl iance,  i n  watts  (W) ;  

ηb-a  i s  the  battery- to-appl iance  effi ciency as  a  fraction .  

Use  the  fo l l owing  formu la for  al l  appl iances  wi th  batteries  except  mobi l e  phones:   

 

where  

ta  i s  the  actual  du rati on  of  t ime  the  appl iance  i s  avai lable  for  use  under the  speci fi ed  
scenario  for  al l ocating  energy to  a  set  o f  appl iances,  i n  hou rs  (h ) ;  

Ea  i s  the  actual  energy consumption  for the  appl iance  du ri ng  the  fu l l -battery run  t ime,  
i n  watt∙ hours  (Wh) ;  

ηcb  i s  the  charg ing  effi ciency between  the  DUT’s  main  battery and  the  appl iance’s  
battery as  a  fraction ;   

Eab  i s  the  energy capaci ty  of  the  appl iance,  i n  watt∙ hours  (Wh) ;  

tfc  i s  the  i nd ividual  fu l l -battery run  t ime  of  the  appl iance  when  fu l l y  charged,  i n  hours  
(h ) .  

When  possible,  use  values  provided  by the  manu facturer  for  the  appl iance’s  energy 
capaci ty;  otherwise,  reference  the  generic  appl iances  annex (Annex HH) .  Assume  an  80  % 
charg ing  effi ciency for  non- in tegrated  appl iances  wi th  batteries,  i f  the  value  i s  not  provided  
by the  manu factu rer.  I f  the  appl iance  wi th  a  battery i s  adverti sed  bu t  not  i ncluded  by the  
manu factu rer,  i ts  fu l l -battery run  time  shal l  be  provided  by the  manu facturer.  I f  the  
appl iance  wi th  a  battery i s  adverti sed  and  i ncluded  by the  manu factu rer,  i t  i s  up  to  the  
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d iscreti on  of  the  test  l ab  to  measure  the  appl iance’s  fu l l -battery run  t ime  or  use  the  value  
provided  by the  manu facturer.   

p)  I f  a  mobi le  phone  i s  one  of  the  DUT’s  adverti sed  appl iances,  determine  the  fraction  of  fu l l  
battery charges  for  that  appl iance  that  can  be  powered  after  a  s tandard  so lar day us ing  
the  fo l l owing  formu la.  Un less  smartphone  or  tablet  charg ing  capabi l i ty  i s  speci fi cal l y  
men tioned,  u se  the  speci fi cations  for  a  basic/feature  mobi le  phone  as  defined   
i n  Table  HH .2.  

 

where  

fcharge, mobi l e  i s  the  fraction  of  a  fu l l  charge  that  a  mobi le  phone  receives  after  a  s tandard  
so lar day;  

tab  i s  the  actual  du rati on  of  t ime  the  mobi le  charg ing  port  i s  avai lable  for  mobi le  
charg ing  i n  both  day and  n i gh t  usage,  i n  hou rs  (h ) ;  

Pab  i s  the  power del i vered  to  the  mobi le  phone,  i n  watts  (W) ;  

ηcb  i s  the  charg ing  effi ciency between  the  DUT’s  main  battery and  the  mobi le  
phone’s  battery as  a  fracti on ;   

Eab  i s  the  energy requ i red  to  fu l l y  charge  a  representative  mobi le  phone,  i n  
watt∙ hours  (Wh) ;  speci fi ed  i n  Table  HH .2.  

Repeat steps  h )  th rough  p)  to  determ ine  the  fu l l -battery run  t imes  for the  adverti sed  
appl iances  combined  under any adverti sed  usage  profi les  or  o ther importan t  sets  to  
characterize.  For  example,  i f  the  DUT adverti ses  that  i t  can  power mu l t iple  appl iances  for 
speci fi c  du rations  wi th  a  fu l l y-charged  battery,  the  speci fi c  du rations  for  the  speci fied  
appl iances  shal l  be  used  as  the  usage  values  per appl iance  (tr)  i n  s tep  b) .  Al l  o ther values  
used  wi l l  be  i den ti cal  to  those  used  for  the  fu l l -battery run  t imes  for  the  adverti sed  appl iances  
under the  example  usage  profi l e.  I f  the  DUT does  not  adverti se  usages  for  mu l tiple  appl iances  
wi th  a  fu l l y-charged  battery,  then  th is  metric  cannot  be  determ ined .  

GG.4.2  Solar run  t ime energy service  calcu lations 

GG.4.2.1  General  

Solar run  t ime  estimates  are  made  for  i nd i vi dual  appl iances  and  sets  of  mu l ti ple  appl iances.  
The  assumptions  abou t  energy al location  and  priori t i es  m i rrors  those  i n  the  fu l l -battery run  
t ime  estimates.  The  dai l y  energy service  avai lable  over a  standard  so lar day i s  determ ined   by 
add ing  i n formation  abou t  the  so lar charg ing  ci rcu i t.   

GG.4.2.2  Equ ipment  requ irements 

No  equ ipment  i s  requ i red  for  Annex GG  s ince  i t  on l y  consists  of  calcu lations.  

GG.4.2.3  Test  prerequisi tes 

Th is  calcu lati on  shal l  be  performed  after  completi on  of  the  so lar charge  test  (Annex R) ,  the  
assessment  of  DC  ports  (Annex EE) ,  appl iance  tests  (Annex FF) ,  the  battery test  (Annex K) ,  
and  the  fu l l -battery run  t ime  test  (Annex M) .  

GG.4.2.4  Procedure 

A number of  i npu t  values  from  other test  methods  are  requ i red  to  determ ine  the  DUT’s  so lar 
run  time  estimates.  Fi rst  i den ti fy  wh ich  i npu t  values  are  needed  for  wh ich  run  time  estimates.  

a)  I den ti fy  the  requ i red  i npu t  values  speci fi ed  i n  Table  GG.4.  
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Table  GG.4  – Requ ired  inputs  to  estimate the  solar run  t ime 

Test  method  Annex  Requ i red  i nput  

Fu l l -battery  run  t ime  Annex M  L i gh t i ng  fu l l -battery  run  t i me  energy from  battery  (Wh )  

Average  power (W)  

Appl i ance  tests   Ann ex  FF Power consumpti on  measu remen ts  fo r each  appl i ance  i ncl uded  wi th  
the  product  (W)  

Generi c  appl i ances  Annex H H  Power consumpti on  measu remen ts  for  each  appl i ance  that  i s  
advert i sed  bu t  not  i ncl uded  wi th  th e  product  (W)  

En erg y requ i red  for  a  fu l l  charge  for  each  appl i ance  wi th  a  battery  that  
i s  adverti sed  by not  i n cl uded  wi th  the  product  (Wh )  

Assessmen t  o f  DC  ports   Ann ex  EE  P lots  o f  battery- to-port  effi ci ency vs .  ou tpu t  power for  each  appl i ance  
(%)  

Power consumpti on  val ues  for  each  bu i l t- i n  or  permanen tl y  con nected  
appl i ance  for  each  tested  scen ari o  (W)  a  

Battery  test  An nex  K Battery e ffi ci ency (%)  

So l ar  charge  An nex  R  Energy de l i vered  from  the  PV modu l e  per  day,  Em ax, s im  (Wh)  

So l ar  operati on  e ffi ci ency (%)  

Generator- to-battery  e ff i ci ency (%)  
a  On l y  requ i red  for  appl i ances  i n teg rated  i n to  th e  DUT’s  mai n  u n i t  that  cannot  be  separated  for  testi ng ,  o ther  

than  bu i l t- i n  l i gh t  po i n ts  for  wh i ch  average  power i s  determ i ned  i n  the  fu l l -battery  run  t ime  test.  

 

b)  Fo l low the  i nstructi ons  i n  GG. 4. 1 . 4,  s tep  b) ,  to  determ ine  wh ich  power consumption  
measurement(s)  to  use  for wh ich  so lar run  t ime  estimate.   

c)  An  example  usage  profi l e  i s  shown  i n  Table  GG.3  for  possible  adverti sed  appl iances.  Th is  
profi l e  i s  used  to  determ ine  relati ve  proportions  of  energy for  the  DUT’s  appl iances.  

d )  The  DUT’s  appl iances  can  be  used  e i ther wh i le  the  DUT i s  solar charg ing  or  wh i l e  i t  i s  not  
so lar charg ing .  Th is  balance  i n  appl iance  use  has  impl ications  that  deri ve  the  techn ical  
capabi l i t ies  of  the  system  to  s imu l taneously  power daytime  loads  and  charge  the  battery 
su ffi cien t  for  n i gh t- time  operation .  The  percen tage  of  day/n igh t  use  i n   presen t  a  
represen tative  case  for  usage.   

Table  GG.5  – Representative  case for  appl iance usage when  solar charg ing  

Appl iance  

Percentage  use  when  
not  solar  charg ing  

(n igh t)  

Percentage  use  when  
solar  charg ing  

(day)  

Li gh t    

( speci f i ed  sett i n g )  

1 00  % 0  %  

Fan  75  %  25  %  

Mobi l e  50  %  50  % 

Rad i o  75  %  25  %  

TV 75  %  25  %  

 
e )  Fo l low the  i nstructions  i n  GG.4. 1 . 4,  s tep  d ) ,  to  determ ine  the  appl iances’  battery- to-port  

charg ing  effi ciency(- i es) .   

Fo l l ow steps  f)  th rough  q )  to  determ ine  the  solar run  times  for  the  adverti sed  appl iances  under 
an  example  usage  profi l e .  Table  GG.3  provides  an  example  usage  profi le  for possible  
appl iances  and  can  be  used  to  determ ine  each  appl iance’s  re lati ve  proporti on  of  energy 
al location .  

f)  I den ti fy  the  power consumption  by each  appl iance  referencing  step  b)  above.   

g )  I den ti fy  the  battery- to-port  effi ciency value  for  each  appl iance  referencing  step  e)  above.   

h )  Determ ine  the  PV-to-port  effi ciency values  for each  appl iance  used  i nd ividual l y  as  the  
product  between  the  appl iance’s  generator- to-battery effi ciency determ ined  i n  the  solar 
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charge  test  (Annex R)  and  the  appl iance’s  battery- to-port  effi ci ency,  referencing  step  e)  
above.  

 

where  

ηg -a  i s  the  PV-to-port  effi ciency as  a  fracti on ;  

ηg -b  i s  the  generator- to-battery effi ciency as  a  fraction ;  

ηb-a  i s  the  battery- to-port  effi ciency as  a  fracti on .  

i )  Use  the  percen tages  i n  Table  GG.5  above  to  determ ine  what  t ime  of  the  day the  
adverti sed  appl iances  are  used .  I t  i s  assumed  that  any daytime  use  wi l l  occur wh i le  the  
DUT i s  so lar charg ing .  

j )  Determ ine  the  necessary energy from  the  energy del i vered  to  the  DUT’s  PV socket  for  
each  appl iance  for both  day and  n igh t  usage  (Ear, day and  Ear, n i gh t) ,  su ffi cien t  to  provide  the  
target  usage  values  per appl iance  (tr)  accord ing  to  the  example  usage  profi le  i n   
Table  GG.3  and  use  percen tages  i n .  For each  appl iance,  use  the  appropriate  power 
consumption  (Pa) ,  determ ined  i n  s tep  i ) ,  and  the  PV-to-port  effi ciency (ηPV-port) ,  
determined  i n  s tep  k) ,  to  f i nd  energy demand:   

 

where  

Ear, day  i s  the  energy demand  from  the  DUT’s  main  battery to  power the  appl iance  over 
the  speci fied  use  period  when  the  DUT i s  so lar  charg ing ,  i n  watt∙ hours  (Wh) ;  

Pa  i s  the  average  power consumed  by the  appl iance,  i n  watts  (W) ;  

tr, day  i s  the  duration  of  t ime  the  appl iance  i s  i n  use  du ring  the  day,  i n  hou rs  (h ) ;  

ηg -a  i s  the  PV-to-port  effi ciency as  a  fracti on ;  

and  

 

where  

Ear, n i g h t  i s  the  energy demand  from  the  DUT’s  main  battery to  power the  appl iance  over 
the  speci fi ed  use  period  when  the  DUT i s  not  so lar charg ing ,  i n  watt∙ hours  
(Wh) ;  

Pa  i s  the  average  power consumed  by the  appl iance,  i n  watts  (W) ;  

tr, n i gh t  i s  the  duration  of  t ime  the  appl iance  i s  i n  use  du ring  the  n i gh t,  i n  hours  (h ) ;  

ηg -a  i s  the  PV-to-port  effi ci ency as  a  fracti on .  

k)  Determ ine  the  maximum  possible  energy avai lable  from  the  DUT’s  PV socket  to  each  
appl iance  for  both  day and  n igh t  usage  (Ea, day  and  Ea, n i gh t* ) ,  by  e i ther taking  away or 
add ing  to  the  service  of  each  appl iance  i n  proportion .  The  expected  energy avai lable  from  
the  DUT’s  PV socket  over a  standard  so lar day (EPV, max)  i s  parsed  to  each  appl iance’s  
energy al l ocation  based  on  the  fo l lowing  formu las:   

 

where  

Ea, day i s  the  actual  expected  energy consumption  used  by the  appl iance  du ring  the  
so lar run  t ime  du ring  daytime  usage,  i n  watt∙ hours  (Wh) ;  
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Ear, day i s  the  energy consumption  by an  appl iance  du ring  day use  over the  speci fied  
target  use  period ,  i n  watt∙ hours  (Wh) ;  

EPV, m ax i s  energy avai lable  from  the  DUT’s  PV socket  du ring  a  standard  so lar day,  i n  
watt∙ hours  (Wh) ;   

∑Ear, i  i s  the  total  energy consumption  from  al l  the  appl iances  (du ring  both  day and  
n igh t  usage)  i n  the  set  over thei r  speci fi ed  use  periods,  i n  watt∙ hours  (Wh) ;  

and  

 

where  

Ea, n i gh t*  i s  the  energy consumption  used  by the  appl iance  du ring  the  solar  run  t ime  
during  n i gh t- time  usage,  not  consideri ng  the  DUT’s  battery capaci ty,  i n  
watt∙ hours  (Wh) ;  

Ear, n i g h t  i s  the  energy consumption  by an  appl iance  du ring  n igh t  use  over the  speci fied  
target  use  period ,  i n  watt∙ hours  (Wh) ;  

Emax, s im  i s  energy avai lable  at  the  DUT’s  PV socket  after  a  s tandard  so lar day,  i n  
watt∙ hours  (Wh) ;   

∑Ear, i  i s  the  total  energy consumption  from  al l  the  appl iances  (du ring  both  day and  
n igh t  usage)  i n  the  set  over thei r  speci fi ed  use  periods,  i n  watt∙ hours  (Wh) .  

NOTE  1  Th e  sum  of  the  cal cu l ated  energ y avai l abl e  to  the  n i gh t  t i me  appl i ance(s)  cal cu l ated  above  can  exceed  
the  maxi mum  en ergy that  the  DUT’s  battery  can  su ppl y  du ri ng  the  n i gh t  when  not  so l ar charg i n g ,  hence  the  
asteri sked  Ea, n i g h t* .  

l )  Check that  the  sum  of  the  energy consumption  values  for the  appl iances  du ring  n igh t  use  
calcu lated  i n  the  above  step  do  not  exceed  the  amoun t  of  energy that  the  DUT’s  battery 
can  possibly  supply.  Use  the  formu la below to  determine  the  actual  energy avai lable  to  
the  appl iances  du ring  n i gh t  use:  

 

where  

Ea, n i gh t, total  i s  the  sum  of  the  actual  energy consumption  used  by the  appl iance  
du ring  the  so lar  run  t ime  du ring  n i gh t- t ime  usage,  i n  watt∙ hours  (Wh) ;  

∑Ea, n i gh t* , i  i s  the  total  energy consumption  used  by the  appl iances  duri ng  the  so lar 
run  t ime  du ring  n igh t- time  usage,  not  considering  the  DUT’s  battery 
capaci ty,  i n  watt∙ hours  (Wh) ;  

Ea, FBRT  Energy removed  from  the  battery over the  fu l l -battery run  t ime  
(maximum  between  the  al l -appl iance  and  l i gh ting  fu l l -battery run  t ime  
resu l ts) ,  i n  watt∙ hours  (Wh) .  

m )  Determ ine  the  actual  energy avai lable  from  the  DUT’s  PV socket  to  each  appl iance  for 
both  day and  n i gh t  usage  (Ea, day and  Ea, n i gh t*) .   

Use  the  values  determ ined  i n  s tep  n )  for  the  daytime  energy usage  (Ea, day) .   

Use  the  fo l lowing  formu la to  determine  the  n igh t- t ime  energy usage  (Ea, n i gh t*)  by  e i ther  
taking  away or add ing  to  the  service  of  each  appl iance  used  at  n i gh t  i n  proportion :  

 

where  
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Ea, n i gh t  i s  the  energy consumption  by an  appl iance  over the  speci fi ed  target  use  
period ,  i n  watt∙ hours  (Wh) ;  

Ea, n i gh t, total  i s  the  sum  of  the  actual  energy consumption  used  by the  appl iance  
du ring  the  solar run  t ime  during  n i gh t- time  usage,  i n  watt∙ hours  (Wh) ;  

Ea, n i gh t*  i s  the  energy consumption  used  by the  appl iance  during  the  solar  run  
t ime  during  n igh t- t ime  usage,  not  considering  the  DUT’s  battery 
capaci ty,  i n  watt∙ hours  (Wh) ;  

Ea, FBRT Energy removed  from  the  battery over the  fu l l -battery run  t ime  
(maximum  between  the  al l -appl iance  and  l i gh ting  fu l l -battery run  t ime  
resu l ts) ,  i n  watt∙ hours  (Wh) ;  

∑Ea, n i gh t* , i  i s  the  total  energy consumption  from  al l  the  appl iances  (du ri ng  on ly 
n igh t  usage) ,  not  consideri ng  the  DUT’s  battery capaci ty,  i n  the  set  over 
thei r  speci fied  use  periods,  i n  watt∙ hours  (Wh) .  

n )  Determ ine  the  total  energy per solar day that  the  DUT can  supply  based  on  the  
represen tative  usage  pattern .  Use  the  fo l lowing  formu la:  

 

where  

Ea, total  i s  the  sum  of  the  actual  energy consumption  used  by the  appl iance  
du ring  the  solar run  t ime  du ring  both  day and  n igh t  usage,  i n  watt∙ hours  
(Wh) ;  

∑Ea, day, i  i s  the  total  energy consumption  from  al l  the  appl iances  (during  on ly  day 
usage) ,  not  considering  the  DUT’s  battery capaci ty,  i n  the  set  over  thei r  
speci fied  use  periods,  i n  watt∙ hours  (Wh) ;  

∑Ea, n i gh t , i  i s  the  total  energy consumption  from  al l  the  appl iances  (du ri ng  on ly 
n igh t  usage) ,  not  consideri ng  the  DUT’s  battery capaci ty,  i n  the  set  over 
thei r  speci fied  use  periods,  i n  watt∙ hours  (Wh) .  

o )  Determ ine  the  actual  du ration  of  each  appl iance’s  service  (as  appropriate)  us ing  the  
actual  energy provided  from  the  DUT’s  PV socket to  each  appl iance  du ring  day and  n igh t  
usage  (Ea, day and  Ea, n i g h t) ,  determ ined  i n  s tep  j ) ,  the  appropriate  power consumption  (Pa) ,  
determined  i n  s tep  f) ,  and  the  appropriate  PV-to-port  effi ciency (ηg -a) ,  determ ined  i n  s tep 
h ) .  Use  the  fo l l owing  formu las  for  appl iances  wi thou t  batteries:   

 

where  

ta, day  i s  the  actual  du ration  of  t ime  the  appl iance  i s  avai lable  for use  under the  
speci fied  scenario  for al l ocating  energy to  a  set  o f  appl iances  i n  day usage,  i n  
hours  (h ) .  I t  i s  assumed  that  no  appl iance  can  provide  service  for  more  than  
8  h  du ring  daytime  use;  

Ea, day  i s  the  actual  energy consumption  by the  appl iance  du ri ng  i ts  day use  after  a  
s tandard  so lar day of  charg ing ,  i n  watt∙ hours  (Wh) ;  

Pa  i s  the  power en tering  the  appl iance,  i n  watts  (W) ;  

ηg -a  i s  the  PV-to-port  effi ci ency,  as  a  fracti on ;  

and  

 

where  
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ta, n i gh t  i s  the  actual  du ration  of  t ime  the  appl iance  i s  avai lable  for use  under the  
speci fied  scenario  for  al locati ng  energy to  a  set  of  appl iances  i n  n igh t  usage,  i n  
hours  (h ) ;  

Ea, n i gh t  i s  the  actual  energy consumption  by the  appl iance  du ring  i ts  n i gh t  use  after a  
s tandard  so lar day of  charg ing ,  i n  watt∙ hours  (Wh) ;  

Pa  i s  the  power del i vered  to  the  appl iance,  i n  watts  (W) ;  

ηg -a  i s  the  PV-to-port  effi ci ency,  as  a  fracti on .  

p)  Determ ine  the  total  actual  du rati on  of  each  appl iance’s  service  (as  appropriate)  us ing  the  
actual  energy provided  from  the  DUT’s  PV socket  to  each  appl iance  du ri ng  both  day and  
n igh t  usage  together (Ea) ,  us ing  the  fo l lowing  formu la  for  appl iances  wi thou t  batteries:   

 

where  

ta  i s  the  actual  du ration  of  t ime  the  appl iance  i s  avai lable  for  use  under the  
speci fied  scenario  for  al l ocating  energy to  a  set  o f  appl iances  i n  both  day and  
n igh t  usage,  i n  hours  (h ) ;  

ta, day  i s  the  actual  du ration  of  t ime  the  appl iance  i s  avai lable  for  use  under the  
speci fi ed  scenario  for  al l ocating  energy to  a  set  o f  appl iances  i n  day usage,  i n  
hours  (h ) ;  

ta, n i gh t  i s  the  actual  du ration  of  t ime  the  appl iance  i s  avai lable  for  use  under the  
speci fied  scenario  for  al l ocating  energy to  a  set  o f  appl iances  i n  n igh t  usage,  i n  
hours  (h ) .  

Use  the  fo l l owing  formu la for  appl iances  wi th  batteries  that  are  not  mobi le  phones:   

 

where  

ta i s  the  actual  du ration  of  t ime  the  appl iance  i s  avai lable  for use  under the  speci fi ed  
scenario  for  al l ocating  energy to  a  set  o f  appl iances,  i n  hou rs  (h ) ;  

Ea i s  the  actual  energy consumption  for the  appl iance  during  the  fu l l -battery run  t ime,  i n  
watt∙ hours  (Wh) ;  

ηcb  i s  the  charg ing  effi ciency between  the  DUT’s  main  battery and  the  appl iance’s  
battery as  a  fraction ;   

Eab  i s  the  energy capaci ty  of  the  appl iance,  i n  watt∙ hours  (Wh) ;  

tfc  i s  the  i nd ividual  fu l l -battery run  t ime  of  the  appl iance  when  fu l l y  charged ,  i n  hours  (h ) .  

When  possible,  use  values  provided  by the  manu facturer  for  the  appl iance’s  energy 
capaci ty;  otherwise,  reference  the  generic  appl iances  annex (Annex HH) .  Assume  an  80  % 
charg ing  effi ciency for  non- in tegrated  appl iances  wi th  batteries,  i f  the  value  i s  not  provided  
by the  manu factu rer.  I f  the  appl iance  wi th  a  battery i s  adverti sed  bu t  not  i ncluded  by the  
manu factu rer,  i ts  fu l l -battery run  time  shal l  be  provided  by the  manu factu rer.  I f  the  
appl iance  wi th  a  battery i s  adverti sed  and  i ncluded  by the  manu factu rer,  i ts  to  the  
d i scretion  of  the  test  lab  to  measure  the  appl iance’s  fu l l -battery run  t ime  or  use  the  value  
provided  by the  manu factu rer.   

q )  I f  a  mobi le  phone  i s  one  of  the  DUT’s  adverti sed  appl iances,  determ ine  the  fraction  of  fu l l  
mobi le  phone  charges  that  can  be  powered  after a  s tandard  so lar day usi ng  the  fo l lowing  
formu la.  Un less  smartphone  or  tablet  charg ing  capabi l i ty  i s  speci fi cal l y  men tioned ,  use  the  
speci fi cations  for  a  basic/featu re  mobi le  phone  as  defined  i n  Table  HH .2.  
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where  

fcharge, mobi l e  i s  the  fraction  of  a  fu l l  charge  that  a  mobi le  phone  receives  after  a  s tandard  
so lar day;  

tab  i s  the  actual  du rati on  of  t ime  the  mobi le  charg ing  port  i s  avai lable  for  mobi le  
charg ing  i n  both  day and  n i gh t  usage,  i n  hou rs  (h ) ;  

Pab  i s  the  power del i vered  to  the  appl iance,  i n  watts  (W) ;  

ηcb  i s  the  charg ing  effi ciency between  the  DUT’s  main  battery and  the  mobi le  
phone’s  battery as  a  fracti on ;   

Eab  i s  the  energy requ i red  to  fu l l y  charge  a  representative  mobi le  phone,  i n  
watt∙ hours  (Wh) ;  speci fi ed  i n  Table  HH .2.  

Repeat steps  f)  th rough  q )  to  determ ine  the  solar  run  t imes  for  the  adverti sed  appl iances  
combined  under an  adverti sed  usage  or  o ther  importan t  sets  to  characterize.  For  example,  i f  
the  DUT adverti ses  that  i t  can  power mu l t iple  appl iances  for  speci fi c  durations  after a  day’s  
solar charge,  the  speci fi c  durations  for  the  speci fi ed  appl iances  shal l  be  used  as  the  usage  
values  per appl iance  (ta, day  and  ta, n i gh t)  i n  s tep  o) .  Al l  o ther i npu t  values  used  wi l l  be  i den tical  
to  those  used  for  the  solar  run  t imes  for  the  adverti sed  appl iances  under the  example  usage  
profi l e .  I f  the  DUT does  not  adverti se  usages  for  mu l t iple  appl iances  after  a  day’s  so lar  
charge,  then  th is  metri c  cannot  be  determ ined .   

Determ ine  each  adverti sed  appl iance’s  so lar run  t ime  when  used  i nd ividual l y  i n  each  setti ng .  
Fi rst  repeat  steps  f)  th rough  q ) ,  then  fo l l ow steps  r)  and  s)  below,  and  fi nal l y  repeat steps  r)  
th rough  s)  to  determ ine  the  so lar run  times  for  the  adverti sed  appl iances  when  used  
i nd ividual l y.  For  example,  i f  the  DUT adverti ses  that  i t  can  power an  appl iance  for speci fi c  
du rations  after a  day’s  so lar charge,  the  speci fi c  duration  for the  speci fied  appl iance  shal l  be  
used  as  the  usage  values  per appl iance  (ta, day  and  ta, n i g h t)  i n  s tep  o) .  Al l  o ther i npu t  values  
used  wi l l  be  i den ti cal  to  those  used  for the  so lar  run  times  for the  adverti sed  appl iances  under 
the  example  usage  profi le .   

r)  Determ ine  the  maximum  possible  energy avai lable  from  the  DUT’s  PV socket  to  the  
i nd ividual l y-used  appl iance  for  both  day and  n igh t  usage  (Ea, day  and  Ea, n ig h t* ) ,  by  e i ther 
taking  away or  add ing  to  the  service  of  each  appl iance  i n  proportion .  The  expected  energy 
avai lable  from  the  DUT’s  PV socket  over a  standard  so lar day (EPV, max)  i s  parsed  to  each  
appl iance’s  energy al l ocation  based  on  the  fo l lowing  formu las:   

 

where  

Ea, day i s  the  expected  energy consumption  used  by the  appl iance  du ring  the  solar run  
t ime  du ring  daytime  usage,  i n  watt∙ hours  (Wh) ;  

Ear, day i s  the  actual  energy consumption  by an  appl iance  during  day use  over the  
speci fied  target  use  period ,  i n  watt∙ hours  (Wh) ;  

EPV, m ax i s  the  energy avai lable  from  the  DUT’s  PV socket  during  a  standard  so lar day,  
i n  watt∙ hours  (Wh) ;   

Ear, n i g h t  i s  the  energy consumption  by an  appl iance  du ring  n igh t  use  over the  speci fied  
target  use  period ,  i n  watt∙ hours  (Wh) ;  

and  

 

where  
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Ea, n i gh t*  i s  the  expected  energy consumption  used  by the  appl iance  du ri ng  the  solar run  
t ime  du ring  n i gh t- time  usage,  not  considering  the  DUT’s  battery capaci ty,  i n  
watt∙ hours  (Wh) ;  

Ear, n i g h t  i s  the  actual  energy consumption  by an  appl iance  during  n i gh t  use  over the  
speci fied  target  use  period ,  i n  watt∙ hours  (Wh) ;  

Emax, s im  i s  the  energy avai lable  from  the  DUT’s  PV socket  during  a  standard  so lar day,  
i n  watt∙ hours  (Wh) ;   

Ear, day i s  the  energy consumption  by an  appl iance  du ring  day use  over the  speci fied  
target  use  period ,  i n  watt∙ hours  (Wh) .  

NOTE  2  The  sum  of  the  cal cu l ated  energy avai l abl e  to  the  n i gh t  t i me  appl i an ce  cal cu lated  above  can  exceed  the  
maxi mum  energ y that  the  DUT’s  battery can  suppl y  du ri ng  the  n i gh t  when  not  so lar  charg i ng ,  hence  the  asteri sked  
Ea,night*.  

s)  Check that  the  sum  of  the  energy consumption  values  for  the  appl iance  du ring  n i gh t  use  
calcu lated  i n  the  above  step  does  not  exceed  the  amoun t  of  energy that  the  DUT’s  battery 
can  possibly  supply.  Use  the  formu la below to  determine  the  actual  energy avai lable  to  
appl iance  du ri ng  n igh t  use:  

 

where  

Ea, n i gh t  i s  the  actual  energy consumption  used  by the  appl iance  du ring  the  solar 
run  time  du ring  n i gh t- time  usage,  i n  watt∙ hours  (Wh) ;  

Ea, n i gh t*  i s  the  energy consumption  used  by the  appl iance  during  the  solar  run  
t ime  during  n i gh t- time  usage,  not  considering  the  DUT’s  battery 
capaci ty,  i n  watt∙ hours  (Wh) ;  

Ea, FBRT i s  the  energy removed  from  the  battery over the  fu l l -battery run  t ime  
(maximum  between  the  al l -appl iance  and  l i gh ting  fu l l -battery run  t ime  
resu l ts) ,  i n  watt∙ hours  (Wh) .  

t)  Optional l y,  repeat  the  previous  steps  k)  th rough  s)  wi th  an  al ternati ve  so lar resource.  Th is  
step  shou ld  be  performed  i f  the  DUT’s  packag ing  or  documentation  expl ici tl y  adverti ses  
performance  at  so lar resource  values  other  than  5  kWh/m 2/day.  

GG.5  Reporting  

Report  the  fo l lowing  i n  the  energy service  calcu lations  test  report.  

•  Metadata:  

– report  name;  

– procedure(s)  used ;  

– DUT manu facturer;  

– DUT name;  

– DUT model  number;  

– DUT setti ng ;  

– name  of  test  l aboratory;  

– approving  person ;  

– date  of  report  approval .  

•  Resu l ts  for  tested  DUT aspects  for  samples  1  th rough  n:  

– estimated  fu l l -battery run  t ime(s)  for  each  appl iances  under adverti sed  usage  (h ) ;  

– estimated  fu l l -battery run  t ime(s)  for  each  appl iances  under an  example  usage  profi l e  
(h ) ;  

– estimated  fu l l -battery run  t ime(s)  for  each  appl iances  under i nd ividual  usage  (h ) ;  
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– estimated  fu l l -battery run  t ime  fraction  of  a  fu l l  charge  an  adverti sed  mobi le  phone  
(basic/feature)  receives  (%) ;  

– estimated  fu l l -battery run  time  fraction  of  a  fu l l  charge  an  adverti sed  smartphone  
receives  (%) ;  

– dai l y  energy avai lable  to  appl iances  after  a  s tandard  so lar day (Wh) ;  

– dai l y  energy service  for al l  speci fi ed  l oads  under adverti sed  usage  after  a  s tandard  
so lar  day (h ) ;  

– dai l y  energy service  for  al l  speci fi ed  l oads  under an  example  usage  profi l e  after  a  
s tandard  so lar day (h ) ;  

– dai l y  energy service  for  al l  speci fi ed  l oads  under i nd ividual  u sage  after a  s tandard  
so lar  day (h ) ;  

– estimated  so lar run  t ime  fracti on  of  a  fu l l  charge  an  adverti sed  mobi le  phone  
(basic/feature)  receives;  

– estimated  so lar run  t ime  fraction  of  a  fu l l  charge  an  adverti sed  smartphone  receives.  

•  Average  of  n  sample  resu l ts  for  each  DUT aspect  tested .  

•  Coefficien t  of  variati on  of  n  sample  resu l ts  for  each  DUT aspect  tested  (%) .  

•  DUT’s  rati ng  for  aspects  tested ,  i f  avai lable.  

•  Deviation  of  the  average  resu l t  from  the  DUT’s  rati ng  for each  aspect  tested ,  i f  
avai lable  (%) .  

•  Comments:  

– i nd i vidual  comments,  as  necessary,  for samples  1  th rough  n;  

– overal l  comments,  as  necessary,  for  co l lecti ve  set  of  samples  1  th rough  n.  
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Annex HH  
(normative)  

 
Generic  appl iances 

 

HH.1  Background  

Stand-alone  l i gh ti ng  ki ts  wi l l  sometimes  i nclude  ports  i n tended  to  power appl iances  such  as  
te levis ions,  rad ios,  fans,  and  other  devices.  Some ki ts  i nclude  these  appl iances,  wh ich  can  
then  be  used  i n  Annex EE  for the  assessment of  DC  ports  test,  and  for  the  charge  con tro l ler 
behaviour  test  (Annex S) .  When  a  ki t  does  not  i nclude  these  appl iances  bu t  does  i nclude  
ports  wh ich  are  i n tended  to  power these  types  of  l oads,  the  testi ng  l aboratory shal l  use  a 
generic  appl iance  (also  common ly referred  to  as  a  "dummy load")  to  s imu late  these  
appl iances  du ring  Annex EE  and  Annex S  tests.   

The  test  laboratory shal l  construct  generic  appl iances  (dummy loads)  wi th  the  abi l i ty  to  
d i ss ipate  the  requ i red  power.  Th is  can  be  ach ieved  wi th  the  proper use  of  power resi stors  that  
have  been  con figured  to  attach  to  the  ou tpu t  ports  of  a  DUT’s  power con tro l  un i t.   

Values  provided  i n  Annex HH  are  also  used  as  i npu ts  i n  the  energy service  calcu lations  
(Annex GG) .  The  energy service  calcu lations  annex i ncludes  appl iances  that  are  adverti sed  
bu t  not  i ncluded  wi th  the  product;  therefore,  performance  values  for  generic  appl iances  are  
used  when  not  provided  by the  manufacturer.  

HH.2  Test  outcomes 

There  are  no  test  ou tcomes  for  the  construction  of  generic  appl iances.  

HH.3  Related  tests  

The  generic  appl iances  constructed  i n  Annex HH  are  used  i n  the  assessment of  DC  ports  
(Annex EE) ,  charge  con tro l l er  behaviour test  (Annex S) ,  and  energy service  calcu lations  
(Annex GG) .  

HH.4 Equ ipment requirements 

The  fo l lowing  equ ipment  and  suppl ies,  or  thei r  equ ivalen ts,  are  requ i red .  Equ ipment  and  
suppl i es  shal l  meet  the  requ i rements  i n  Table  CC.2.  

•  Appropriate  connectors  to  connect  to  the  DUT’s  e lectrical  ports  to  al l ow the  use  of  a  
generic  appl iance  constructed  by the  test  laboratory.  

•  Wi re,  wi re  cu tters,  and  wi re  strippers.  

•  Power resistors  capable  of  provid ing  the  requ i red  resistance  and  power d i ss ipation .  

•  Heat  s i nks  as  requ i red  by the  power resistor  manu factu rer.  

•  So ldering  i ron  and  solder.  

•  Heat-shrink tubing  and  heat  gun .  

•  Screwdrivers  and/or other  appropriate  too ls  for  constructi ng  the  generic  appl iance  
hardware.  
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HH.5  Procedure 

Perform  the  fo l lowing  steps  to  construct  generi c  appl iances  to  s imu late  any appl iances  
adverti sed  for use  wi th ,  bu t  not  i ncluded  wi th ,  the  DUT.  

a)  Determ ine  the  power (watts)  of  each  requ i red  generic  appl iance  wi thou t  a  battery from  
Table  HH . 1 .  I f  the  appl iance  i s  not  i ncluded  i n  Table  HH . 1 ,  use  an  appropriate  value  
determ ined  from  sources  i nclud ing  publ i shed  l i teratu re,  appl iance  data sheets,  and  the  
DUT’s  user  documentation  and  packag ing .  Note  the  power values  used  i n  the  test  report,  
as  wel l  as  the  source(s)  o f  values  not  g i ven  i n  Table  HH . 1 .  

Table  HH.1  – Power consumption  chart  for  generic  appl iances wi thout  batteries  

Type  of  appl i ance  Power  for  a  generi c  appl i ance  (dummy 
l oad)  

W 

Televi s i on  – l arge  20  

Te l evi s i on  – smal l  1 0  

Rad i o  5  

Fan  3  

 
b)  Calcu late  the  resistance  of  the  requ i red  power resistor us i ng  the  fo l l owing  formu la:  

 

where  

R  i s  the  resistance  i n  ohms  (Ω) ;   

V i s  the  typical  port  vo l tage  for  that  appl iance,  i n  vo l ts  (V) ;  

P  i s  the  requ i red  power for  the  dummy l oad  appl iance,  i n  watts  (W) .  

c)  For  generic  appl iances  wi th  i n tegrated  batteries,  determ ine  the  energy i n  watt∙ hours  
requ i red  to  fu l l y  charge  the  battery and  charge  rate  (when  necessary)  from  Table  HH .2.   

Table  HH.2  – Energy consumption  chart  for  generic  appl iances wi th  batteries 

Type of  appl i ance  Energy for  a  generic  appl i ance  wi th  a  battery 

Wh  

Charge  rate   

A  

Televi s i on  – smal l  1 0  n /a  

Rad i o  5  n /a  

(Basi c/featu re)  m obi l e  phone  3 , 7  0 , 45  

Smartphone  5 , 7  1  

Tabl et  com pu ter 1 5  2  

Fan  3  n /a  

Torch  2  0 , 5  

 
d )  Obtain  power resistors  capable  of  provid ing  the  correct  res istance  and  d iss ipating  the  

requ i red  power.  Con figu re  a  power resistor,  or  power resi stor array,  to  be  used  as  a 
generic  appl iance,  subject  to  the  fo l lowing  requ i rements  and  recommended  practi ces.  

– The  generic  appl iance  shal l  connect  to  the  appropriate  DUT power con trol  un i t  port  
used  for that  type  of  appl iance.   

– Resistors  shou ld  be  attached  to  appropriate  heat  s inks  i f  speci fied  by the  resistor 
manu factu rer.  The  test  l aboratory shal l  use  i ts  best  j udgement to  determ ine  the  
appropriate  design  and  hardware  for  i ts  generic  appl iances.  I n  some  cases,  cool i ng  
fans  wi l l  be  requ i red .  
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– Use  wi re  and  connector hardware  capable  of  hand l i ng  the  vol tage  and  cu rren t  of  the  
generic  appl iance.  The  test  l aboratory may use,  where  appropriate,  a  port  connector 
from  another appl iance  i ncluded  i n  the  DUT ki t  by  cu tting  off  the  connector on  the  
appl iance  and  attach ing  i t  to  the  generic  appl iance,  or  may use  match ing  connectors  
pu rchased  separately.  

– Power resistors  may be  combined  i n  series  and/or paral le l  to  ach ieve  the  requ i red  
resistance.  The  fi nal  resi stance  for  the  generic  appl iance  shou ld  be  wi th i n  1 0  % of  the  
calcu lated  resistance  from  b)  above.  

– Variable  resi stors  (rheostats)  or  e lectron ic  l oads  capable  of  d i ss ipating  the  requ i red  
power may be  used  i n  place  of  fi xed  power resistors.  

Variable  res istors  are  general l y  rated  by thei r  manu factu rers  accord ing  to  the  maximum  power 
d i ss ipation  of  the  fu l l  res istance  e lement.  I f  a  maximum  cu rren t  rating  i s  not  g i ven  by the  
component  manu factu rer,  the  m in imum  al lowable  power rati ng  can  be  calcu lated  based  on  the  
fu l l -scale  res istance:  

 

where  

PRvari abl e  i s  the  maximum  power rati ng  of  the  variable  res istor,  i n  watts  (W) ;  

Imax, port   i s  the  maximum  curren t  for the  port,  i n  amperes  (A) ;  

Rvari able   i s  the  variable  resistor  fu l l -scale  value,  i n  ohms (Ω) .  

HH.6 Reporting  

I n  the  test  report,  note  the  generic  appl iances  constructed ,  the  power and  resistance  values  
used ,  and  the  source  of  any power values  not  g i ven  i n  Table  HH . 1 .  
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