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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
PHOTOVOLTAIC (PV)  MODULES –  

CYCLIC  (DYNAMIC)  MECHANICAL LOAD TESTING  
 

FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  Nati onal  Commi ttees).  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern i ng  s tandard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ica l  Speci fi cati ons ,  
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC  
Pub l i cati on (s)” ) .  Thei r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati ona l  Commi ttee  i n terested  
i n  the  subject dea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen ta l  and  non -
governmen tal  organ izati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternati onal  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  d eterm ined  by 
ag reement  between  the  two  organ izati ons.  

2 )  The  formal  d eci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  possib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Pub l i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Pub l i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsib l e  for the  way i n  wh i ch  they are  u sed  or for any 
m is i n terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternationa l  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  app l y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t  possi b l e  i n  thei r nati onal  and  reg ional  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati ona l  or reg ional  publ i cati on  shal l  be  cl earl y i n d i cated  i n  
the  l a tter.  

5)  I EC  i tsel f does  not  provi de  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod ies.  

6 )  Al l  u sers  shou l d  ensu re  that  they have  the  l atest ed i ti on  of th i s  publ i cati on .  

7 )  No  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i n cl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn i cal  commi ttees  and  I EC  Nati onal  Commi ttees  for any persona l  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cati on ,  u se  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i n d i spensabl e  for the  correct appl i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect  of 
paten t ri gh ts .  I EC  shal l  n ot  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh 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 fication  when  

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

•  the  subject i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  bu t no  immed iate  possibi l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  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  TS  62782,  wh ich  i s  a  techn ical  speci fication ,  has  been  prepared  by I EC techn ical  
commi ttee  82 :  Solar photovol taic energy systems.  
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The  text of th is  techn ical  speci fication  i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

82/971 /DTS  82/1 01 4A/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  speci fication  can  be  found  in  
the  report on  voting  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 .  

The  commi ttee  has  decided  that the  con tents  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch"  i n  the  data  
related  to  the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be  

•  transformed  i n to  an  I n ternational  standard ,  

•  reconfi rmed ,  

•  wi thdrawn,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  
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PHOTOVOLTAIC (PV)  MODULES –  
CYCLIC  (DYNAMIC)  MECHANICAL LOAD TESTING  

 
 
 

1  Scope 

Th is  techn ical  speci fication  provides  a  test method  for performing  a  cycl ic (dynamic)  
mechan ical  l oad  test i n  wh ich  the  modu le  i s  supported  at the  design  support poin ts  and  a  
un i form  load  normal  to  the  modu le  surface  i s  cycled  i n  a l ternating  negative  and  posi ti ve  
d i rections.  Th is  test may be  u ti l i zed  to  evaluate  i f components  wi th in  the  modu le  i nclud ing  
solar cel l s ,  i n terconnect ribbons  and /or e lectrical  bonds  wi th in  the  modu le  are  susceptible  to  
breakage  or i f edge  seals  are  l i kely to  fa i l  due  to  the  mechan ical  stresses  encountered  during  
i nstal lation  and  operation .  Th is  test can  be  performed  at any modu le  temperature  wi th in  the  
normal  operating  temperature  range.  S ince  the  resu l ts  have  been  determined  to  depend  on  
the  modu le  temperature  during  the  appl ication  of the  l oad  i t  i s  cri tical  to  main tain  the  modu le  
at a  constant temperature  during  the  performance  of th is  test.  

Th is  techn ical  speci fication  has  h istorical l y been  appl ied  to  ri g id  modu les.  I t  cannot be  appl ied  
to  fl exible  modu les  un less  they are  designed  to  be  mounted  i n  a  ri g i d  manner.  I n  wh ich  case,  
the  cycl ic (dynamic)  mechan ical  l oad  test can  be  appl ied  to  the  flexib le  modu le  i n  i ts  rig id  
mounting  system.  

Th is  test has  been  wri tten  as  a  standalone  techn ical  speci fication ,  bu t i t  i s  l i kely to  be  used  i n  
con junction  wi th  other test standards.  Typical l y,  th is  test i tsel f wi l l  not resu l t  i n  power l oss,  bu t 
when  fol lowed  by add i tional  stress  tests  l i ke  thermal  cycl ing  and  humid i ty freeze,  the  damage  
done  by the  mechan ical  cycl ing  resu l ts  i n  power loss  that wou ld  not have  occurred  due  on ly to  
the  thermal  cycl ing  and  humid i ty freeze  tests.  For example,  the  transportation  testing  
procedure  ( I EC 62759)  i ncludes  the  requ i rements  for such  a  cycl ic  (dynamic)  mechan ical  l oad  
test fol lowed  by 50  thermal  cycles  and  1 0  humid i ty freeze  cycles.  

2  Normative references  

The  fol lowing  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 ication .  For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For 
undated  references,  the  latest ed i tion  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies.  

I EC TS  60904-1 2,  Photovoltaic devices – Part 12:  Infrared thermography of photovoltaic 
modules1  

I EC TS  60904-1 3,  Photovoltaic devices – Part 13: Electroluminescence of photovoltaic 
modules

1  

I EC  61 21 5-1 : 201 6,  Terrestrial photovoltaic (PV)  modules – Design qualification and type 
approval – Part 1 :  Test requirements 

I EC  61 21 5-2: 201 6,  Terrestrial photovoltaic (PV)  modules – Design qualification and type 
approval – Part 2:  Test procedures 

I EC  TS  61 836,  Solar photovoltaic energy systems – Terms,  definitions and symbols  

____________ 

1   To  be  publ i shed .  
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I SO/IEC 1 7025,  General requirements for the competence of testing and calibration 
laboratories 

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g iven  i n  I EC  TS  61 836  apply.  

4 Apparatus  

The  apparatus  for th is  techn ical  speci fication  include:  

a)  Equ ipment for performing  the  cycl ic  (dynamic)  l oad ing :  th is  equ ipment shal l  be  capable  of 

applying  a  un i form  load  of 1  000  Pa  ±  1 00  Pa
 
onto  the  modu le  surface  in  both  d i rections  to  

s imu late  pressure  and  tensi le  l oads  at a  rate  between  3  and  7  cycles  per m inu te.  The  
prescribed  l oad  i s  of un i form  pressure,  P,  and  i s  most appropriately appl ied  wi th  a  
pressure  of a i r or vacuum.   I f a  p iston  system  (or other non-un i form  appl ication)  i s  used  to  
l oad  the  modu le,  the  force  each  p iston  (or appl icators)  exert i s  F =  PA /n ,  where  A  i s  the  
area  of the  modu le  and  n  i s  the  number of p istons.   To  ensure  a  s im i lar effect to  the  
modu le,  the  maximum,  perpend icu lar,  center-to-cen ter d istance  between  even ly loaded  
poin ts  shal l  be  20  cm  or l ess.   I f one  p iston  consists  of mu l tip le  load ing  poin ts  th is  
maximum  d istance  refers  to  both  the  load ing  poin ts  wi th in  and  between  p istons.   The  
maximum  perpend icu lar d istance  between  the  modu le  frame and  an  even ly l oaded  poin t 
shal l  a lso  be  20  cm  or l ess.  

b)  Means  for mon i toring ,  throughou t the  test,  the  con tinu i ty of the  in ternal  ci rcu i t  of each  
modu le.  

c)  Means  for mon i toring  the  temperature  of the  modu le  to  an  accuracy of ±2,0  °C  and  

repeatabi l i ty of ±0,5  °C.  The  temperature  sensors  shal l  be  attached  to  the  front or back 
su rface  of the  modu le  near the  midd le  wi thou t i n terfering  wi th  the  cycl ic  l oad ing .  

d )  I n frared  ( IR)  camera  and  a  constant current power supply capable  of provid ing  between  
one  and  two  times  the  Standard  Test Cond i tion  (STC)  maximum  power curren t of the  
modu le  i n  the  forward  d i rection .  (See  fu ture  I EC  TS  60904-1 2 . )  

e)  E lectroluminescence  (EL)  equ ipment and  a  constant curren t power supply capable  of 
provid ing  between  0 , 1  and  1  times  the  STC short ci rcu i t  cu rrent of the  modu le  i n  the  
forward  d i rection .  (See  fu ture  I EC  TS  60904-1 3. )  

The  IR and  EL  systems  do  not have  to  be  capable  of observing  the  modu le  wh i l e  i t  i s  under 
test.  These  tests  can  be  performed  i ndependent of the  cycl ic  (dynamic)  l oad  test equ ipment.  

5 In i tial  measurements  

The  fol lowing  measurements  shal l  be  performed  on  the  test modu le  before  beg inn ing  the  
stress  testi ng .  

a)  Perform  a  visual  i nspection  of the  modu le  i n  accordance  wi th  I EC  61 21 5-2  MQT 01 .  

b)  Perform  the  i n i tia l  modu le  stabi l i zation  procedure  in  accordance  wi th  I EC  61 21 5-2  MQT 
1 9. 1 .  

c)  Measure  the  maximum  power performance  of the  modu le  i n  accordance  wi th  I EC  61 21 5-2  
MQT 02.  

d )  Perform  an  i nsu lation  test i n  accordance  wi th  I EC 61 21 5-2  MQT 03.  

e)  Perform  a  wet l eakage  curren t test i n  accordance  wi th  I EC  61 21 5-2  MQT 1 5.  

f)  Perform  an  EL  scan  of the  modu le  using  a  forward  b ias  curren t between  0 , 1  and  one  times  
the  STC short ci rcu i t  curren t to  i den ti fy cracked  cel l s  and  other breaks  i n  the  cel l  j unction .  
Note  the  observed  broken  cel l s ,  i n terconnects  and /or electrical  bonds  or any add i tional  
anomal ies  observed  i n  the  test report (Clause  8k)  as  i den ti fied  i n  fu ture  IEC  TS  60904-1 3.  
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g )  Perform  an  IR scan  of the  modu le  using  a  forward  b ias  curren t between  the  STC 
maximum  power cu rrent and  twice  the  STC maximum  power curren t to  i den ti fy areas  of 
l ocal ized  heating .  Note  the  observed  areas  of l ocal ized  heating  i n  the  test report (Clause  
8k)  as  i den ti fied  i n  fu ture  I EC  TS  60904-1 2 .  

I f there  i s  reason  to  use  a  current of more  than  Isc  i n  e i ther the  IR or EL  test,  check wi th  the  
modu le  manufacturer to  determine  that such  a  h igh  curren t wi l l  not damage  the  modu le.  

6 Procedure  

a)  Equ ip  the  modu le  so  that the  e lectrical  continu i ty of the  i n ternal  ci rcu i t  can  be  mon i tored  
con tinuously during  the  test.  

b)  Mount the  modu le  on  the  cycl ic  (dynamic)  l oad ing  equ ipment us ing  the  method  prescribed  
by the  manufacturer i nclud ing  the  mounting  means  (cl i ps/clamps  and  any kind  of fastener)  
and  underlying  support ra i l s .  I f there  are  d i fferen t possib i l i ties  each  mounting  method  
needs  to  be  evaluated  separately.  For a l l  mounting  methods,  mount the  modu le  i n  a  
manner where  the  d istance  between  the  fi xing  poin ts  i s  worst case,  wh ich  i s  typical l y at 
the  maximum  d istance.  

c)  Set the  modu le  temperature  at  the  desi red  level .  Mon i tor the  modu le  temperature  

throughou t the  appl ication  of the  cycl ic  l oad ing .  Main tain  modu le  temperature  wi th in  ±2  °C  
of the  selected  temperature  during  the  appl ication  of the  cycl ic l oad ing .  

d )  Apply the  cycl ic  (dynamic)  mechan ical  l oad  and  cycle  i t  1  000  times  using  a  maximum  

pressure  of ±1  000  Pa  (wi th  a  to lerance  of ±1 00  Pa)
 
and  a  rate  between  3  and  7  cycles  

per m inu te.  (Cycles  being  defined  as  one  posi ti ve  and  one  negative  l oad  appl ication . )  

e)  Mon i tor con tinu i ty th roughou t the  test.  

Measuring  con tinu i ty requ i res  on ly a  smal l  curren t fl ow (1 %  of I sc wou ld  be  more  than  
adequate).  However,  there  may be  cases  where  i t  wou ld  be  usefu l  or i n teresting  for the  test to  
be  performed  wi th  a  h igher cu rrent fl ow,  up  to  the  STC peak power current.   I f that i s  the  case  
th is  fact shou ld  be  noted  i n  the  test report (Clause  8  j ) .  Such  a  test cou ld  end  up  causing  
arcing  in  broken  cel l s  or broken  i n terconnects.  

Cycl ic  (dynamic)  mechan ical  l oad  tests  are  normal l y performed  i n  the  l aboratory at room  
temperature.  However,  there  may be  cases  where  i t  i s  of i n terest to  perform  the  test at e i ther 
l ower temperatures  to  s imu late  stress  during  win ter or at h igher temperatures  to  s imu late  
stress  during  summertime  operation .  Temperature  ranges  shal l  be  l im i ted  by the  
m in imum/maximum  operating  temperature  of modu le  and  mounting  materia ls  under test (e . g .  
cl i p  rubber,  washers,  etc. ) .  The  modu le  temperature  during  the  cycl ic  l oad ing  shou ld  be  noted  
i n  the  test report (Clause  8  j ) .  

7  Final  measurements  

a)  Perform  a  visual  i nspection  of the  modu le  i n  accordance  wi th  I EC  61 21 5-2  MQT 01 .  

b)  Perform  the  fi nal  modu le  stabi l i zation  procedure  i n  accordance  wi th  I EC  61 21 5-2  MQT 
1 9. 2 .  

c)  Measure  the  maximum  power performance  of the  modu le  i n  accordance  wi th  I EC  61 21 5-2  
MQT 02.  

d )  Perform  an  insu lation  test i n  accordance  wi th  I EC 61 21 5-2  MQT 03.  

e)  Perform  a  wet l eakage  curren t test i n  accordance  wi th  I EC  61 21 5-2  MQT 1 5.  

f)  Perform  an  EL  scan  of the  modu le  using  a  forward  b ias  current between  0 , 1  and  one  times  
the  STC short ci rcu i t  cu rren t to  i den ti fy changes  in  the  modu le  using  the  gu idance  from  
fu ture  I EC  TS  60904-1 3.  

g )  Perform  an  IR scan  of the  modu le  using  a  forward  b ias  cu rren t between  the  STC peak 
power curren t and  twice  the  STC peak power cu rrent to  i den ti fy changes  i n  the  modu le  
using  gu idance  from  fu tu re  I EC  TS  60904-1 2 .  
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Report a l l  resu l ts  i nclud ing  any changes  noted  i n  the  modu le  particu larl y the  number of 
broken  cel l s ,  broken  i n terconnects  and  broken  e lectrical  connections  observed .  

The  EL  and  IR scans  are  used  for i n formational  purposes  on ly,  not as  requ i rements.  As  such ,  
they shou ld  not impact the  resu l ts  of the  visual  i nspection .  

8  Test report 

A report of the  test shal l  be  prepared  by the  test agency i n  accordance  wi th  I SO/IEC  1 7025.  
The  report shal l  con tain  the  detai l  speci fication  for the  specimens.  Each  certi ficate  or test 
report shal l  i nclude  at l east the  fol lowing  in formation :  

a)  a  ti tle ;  

b)  name  and  address  of the  test l aboratory and  l ocation  where  the  tests  were  carried  ou t;  

c)  un ique  iden ti fication  of the  report and  of each  page;  

d )  name  and  address  of cl ien t,  where  appropriate;  

e)  description  and  iden ti fication  of the  modu le(s)  tested ;  

f)  characterization  and  cond i tion  of the  test modu le;  

g )  date  of receipt of test modu le  and  date(s)  of test,  where  appropriate;  

h )  i den ti fication  of test method  used  includ ing  a  description  of the  equ ipment used  to  apply 
the  un i form  load ;  

i )  reference  to  sampl ing  procedure,  where  re levant;  

j )  any deviations  from,  add i tions  to,  or exclusions  from,  the  test method  and  any other 
i n formation  relevant to  a  speci fic test,  such  as  the  speci fi c mounting  system  used ,  
envi ronmental  cond i tions,  modu le  temperature  and  current flow u ti l i zed  du ring  the  test;  

k)  measurements,  examinations  and  derived  resu l ts  supported  by tables,  g raphs,  sketches  
and  photographs  as  appropriate,  i nclud ing  the  maximum  power loss  after each  test,  the  
number of broken  cel l s  observed  before  and  after each  test and  any other s ign i ficant 
changes  observed ;  

l )  i nd ication  i f any of the  fol lowing  are  observed  after the  cycl ic  (dynamic)  mechan ical  l oad  
test sequence  or after any subsequent tests  as  d i scussed  i n  Annex A:   

1 )  i n terruption  of curren t flow during  the  test ( th is  i n terruption  may be  i n termi tten t  and  in  
phase  wi th  the  load  cycl ing .  I f so,  the  test report shou ld  note  on  wh ich  cycle  the  
i n terruption  began  and  on  wh ich  part of the  cycle  the  i n terruption  i n  current flow 
occurs);  

2 )  evidence  of major visual  defects,  as  defined  in  Clause  8  of I EC  61 21 5-1 : 201 6;   

3)  a  value  of i nsu lation  resistance  measured  below the  accepted  value  of 40  MΩ  ×  m2  
when  measured  at 500  V or maximum  systems  vol tage,  wh ichever i s  g reater;  or 

4)  the  wet l eakage  current measured  i nsu lation  resistance  times  the  area  of the  modu le  

shal l  not be  l ess  than  40  MΩ  ×  m2 ,  when  measured  at  500  V or maximum  systems 
vol tage,  wh ichever i s  g reater;  

m)  a  statement of the  estimated  uncertain ty of the  test resu l ts  (where  relevant) ;  

n )  a  s ignature  and  ti tl e ,  or equ ivalen t i den ti fication  of the  person(s)  accepting  responsibi l i ty 
for the  con ten t of the  report,  and  the  date  of i ssue;  

o)  where  relevant,  a  statement to  the  effect that the  resu l ts  re late  on ly to  the  i tems  tested ;  

p)  a  statement that the  report shal l  not be  reproduced  except i n  fu l l ,  wi thou t the  wri tten  
approval  of the  l aboratory.  
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Annex A 
( informative)  

 
Subsequent testing  

 

Whi le  cycl ic (dynamic)  mechan ical  l oad  testing  often  does  damage  to  a  PV modu le,  there  i s  
usual l y m in imal  observed  power loss  after completion  of the  test.  The  use  of subsequent 
stress  tests  has  resu l ted  i n  observed  power l oss.  The  fol lowing  are  two  examples:  

a)  I f the  cycl ic (dynamic)  mechan ical  l oad  testi ng  breaks  cel l s  and /or i n terconnect ribbons,  
subsequent exposure  to  50  thermal  cycles  (MQT 1 1  from  IEC 61 21 5-2)  and  1 0  humid i ty 
freeze  cycles  (MQT 1 2  from  I EC 61 21 5-2)  can  lead  to  s ign i fican t l oss  i n  peak power.  

b)  I f the  cycl ic  (dynamic)  mechan ical  l oad  testing  damages  the  modu le’s  edge  seal ,  
subsequent exposure  to  damp  heat testing  (MQT 1 3  from  I EC 61 21 5-2)  cou ld  resu l t  i n  
moisture  ingress  and  subsequent power l oss.  

Therefore,  th is  techn ical  speci fication  can  be  used  in  con junction  wi th  add i tional  accelerated  
stress  tests  to  evaluate  the  overal l  impact on  modu le  performance.  

 

___________ 
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