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FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard 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 ternational  S tandards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  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  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  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 cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ibi l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  patent  ri gh ts.  

A PAS is  a  techn ical  speci fication  not fu l fi l l i ng  the  requ i rements  for a  s tandard ,  bu t made  
avai l ab le  to  the  publ ic.  

I EC PAS  631 08  has  been  processed  by I EC techn ical  comm ittee  1 8:  E lectrical  i nstal l ations  of 
sh ips  and  of mobi le  and  fixed  offshore  un i ts .  

The  text  of th i s  PAS  i s  based  on  the  
fol l owing  document:  

Th i s  PAS  was  approved  for 
publ i cation  by the  P-members  of the  
comm i ttee  concerned  as  i nd icated  i n  

the  fol l owi ng  document 

Draft  DPAS  Report  on  voti ng  

1 8/1 560/DPAS  1 8/1 574/RVDPAS  

 
Fol lowing  publ ication  of th is  PAS,  wh ich  is  a  pre-standard  publ ication ,  the  techn ical  comm ittee  
or subcommittee  concerned  may transform  i t  i n to  an  I n ternational  Standard .  
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Th is  PAS shal l  remain  val i d  for an  i n i ti a l  maximum  period  of 3  years  starti ng  from  the  
publ ication  date.  The  va l i d i ty may be  extended  for a  s ing le  period  up  to  a  maximum  of 
3  years,  at the  end  of wh ich  i t  shal l  be  publ ished  as  another type  of normative  document,  or 
shal l  be  wi thdrawn .  
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INTRODUCTION  

The majori ty of existing  d istribu tion  systems  of sh ips  are  AC systems  wi th  e lectric power 
generated  by fixed  speed  generator sets  and  a  fixed  frequency and  vol tage  for the  d is tribu tion  
system .  Th is  i s  a lso  reflected  by the  current parts  of the  I EC 60092  series.  The  sh ip  owners  
are  facing  new envi ronmental  regu lations  and  are  asking  for more  flexib le  solu tions  to  meet 
the  new market demands.  I t  i s  acknowledged  that the  mari time industry is  developing  new 
i nnovative  power and  d i stribution  solu tions  enabl ing  reduced  em iss ions  to  a i r,  as  wel l  as  
reduced  fuel  consumption .  Next  generation  of d is tribu tion  systems  involves  use  of a  variety of 
power sources  and  DC d istribu tion  arch i tecture.  Novel  concepts  for des ign  and  operation  of 
e lectrical  systems  wi th  energy s torage  and  advanced  control  of main  and  emergency power 
sources,  incl ud ing  essentia l  load  services  such  as  propu ls ion  systems  have  evolved .  These  
energy systems combine  a  wide  range  of technolog ies  that wi l l  improve the  fuel  and  em iss ion  
profi les  and  performance  of sh ip  operations.  

The  primary DC d istribu tion  system  explo i t  new and  rad ica l  approaches  for system  
des ign/configuration ,  operation  and  control  compared  to  conventional  so lu tions  for power 
generation  and  d istribution  systems.  

Th is  PAS i n tends  to  describe  these  solu tions.  A new I EC I n ternational  Standard  is  schedu led  
to  replace  th is  PAS.  

The  main  i n tention  wi th  th is  PAS  is  to  set  des ign  and  test cri teria  to  power systems  wi th  
primary DC d istribution .  Sem iconductor devices  used  as  breaker shal l  fu l fi l  requ irements  for 
breaking  curren t and  i solation  accord ing  to  I EC  60947-2  and  I EC 60947-3.  
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ELECTRICAL INSTALLATIONS IN  SHIPS  – 
 

Primary DC d istribution  – System  design  archi tecture  
 
 
 

1  Scope 

This  PAS speci fies  the  requ i rements  of primary DC d istribu tion  systems and  i n terconnected  
i nstal lations.   

The  requ i rements  of th is  PAS establ ish  general  pri ncip les  for 

•  operations,  wi thou t degrad ing  un i t  and  human  safety,  capable  of a  reduced  envi ronmenta l  
footprin t,  

•  existing  and  new power generating  un i ts,  new DC d istribution  concepts  for el ectrica l  
power,  energy s torage  and  advanced  control  of a  tota l  power balance,  i ncl ud ing  
sem iconductor converters  (AC to  DC,  DC to  DC  and  DC to  AC power converters)  and  
d ynam ic l oad  control l ers,  and  

•  re levant system  stud ies  and  calcu lations  demonstrating  a  protection  ph i l osophy as  needed  
for necessary se lectivi ty,  segregation  methods  and  equ ipment.   

Th is  PAS a lso  g ives  gu ide l i nes  for i n tegration  of energy sources  of d i fferen t nature  and  
su i table  ways  to  i denti fy l ocations  of such  i nsta l l ations.   

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
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 i es.  

I EC 60034  (a l l  parts) ,  Rotating  e lectrical  mach ines  

IEC 60092  (a l l  parts) ,  Electrical installations in  ships 

I EC 60092-1 01 : 1 994,  Electrical installations in  ships – Part 101 : Definitions and general 
requirements   

I EC 60092-1 01 : 1 994/AMD1 : 1 995  

IEC 60092-301 ,  Electrical installations in  ships – Part 301 : Equipment – Generators and 
motors  

I EC  60092-302,  Electrical installations in  ships – Part 302: Low-voltage switchgear and 
controlgear assemblies  

I EC  60092-352,  Electrical installations in  ships – Part 352: Choice and installation of electrical 
cables 

IEC 60092-401 ,  Electrical installations in  ships – Part 401: Installation and test of completed 
installation  

I EC  60364-4-41 ,  Low-voltage electrical installations – Part 4-41 : Protection for safety –  
Protection against electric shock  
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IEC 60533,  Electrical and electronic installations in  ships – Electromagnetic compatibility 
(EMC)  – Ships with  a  metallic hull 

IEC 60947-2,  Low-voltage switchgear and controlgear –  Part 2: Circuit-breakers 

IEC 60947-3,  Low-voltage switchgear and controlgear – Part 3:  Switches,  disconnectors,  
switch-disconnectors and fuse-combination units 

IEC 61 557-8,  Electrical safety in  low voltage distribution systems up to 1  000 V a. c.  and 1  500 
V d. c.  – Equipment for testing,  measuring or monitoring of protective measures – Part 8:  
Insulation  monitoring devices for IT systems  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l l owing  terms  and  defi n i tions  apply.  

I SO and  I EC main tain  term inolog ica l  databases  for use  i n  standard ization  at the  fol l owing  
addresses:  

•  I EC E lectroped ia:  avai lable  at  h ttp : //www.electroped ia.org /  

•  I SO  On l ine  browsing  p latform :  avai l able  at h ttp: //www. iso. org/obp  

NOTE  Other re l evant  terms  and  defi n i ti ons  can  be  found  i n  I EC 60092-1 01  and  other parts  of the  
I EC 60092  series.  

3. 1   
shore power charg ing  system  

Note  1  to  en try:  Defi n i ti on  under considerati on  

3.2   
DC  bus  

DC d istribution  system  wh ich  in terconnects  DC  loads  and  power sources  

3.3   
DC  assembly 

cabinet wi th  modu les  i n terconnected  wi th  DC  bus  for l oads  and  power sources  

3.4  
energy management system  
EMS  
system  con trol l i ng ,  mon i toring  and  protecting  energy sources  and  l oads  to  ensure  safe  
operation  

3.5   
battery management system  
BMS 
system  protecti ng  battery,  con trol l i ng  battery charg ing  and/or d ischarg ing ,  and  mon i toring  
battery cond i ti ons  ( i . e.  state  of charge,  ce l l  temperature  etc. )  

Note  1  to  en try:  The  defi n i ti on  i s  under consi deration .  

4 General  requirements  

4.1  General  

Atten tion  i s  d rawn  to  the  requ i rements  of the  I n ternational  Convention  for the  Safety of L i fe  at  
Sea.  C lause  4  contains  cond i ti ons  and  requ i rements  wh ich  are  common  to  al l  apparatus  and  
i nsta l l ations  wi th in  the  scope  of th is  PAS.  

http://www.electropedia.org/
http://www.iso.org/obp
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Sem iconductor devices  used  as  breaker shal l  fu l fi l  requ irements  for breaking  curren t and  
isolation  accord ing  to  I EC  60947-2  and  I EC  60947-3.  

4.2  Acceptance  of substi tutes  or al ternatives  

Where  i n  th is  PAS any specia l  type  of apparatus,  construction  or arrangement is  speci fied ,  
the  use  of any other apparatus,  construction  or arrangement i s  adm issib le,  provided  i t  fu l fi l s  
the  requ i rements  of the  ori g inal  apparatus.  

4.3  Provisions  for maximum load  

Al l  components  and  systems  shal l  be  of such  s i ze  as  to  be  capable  of carrying ,  wi thou t the ir 
respective  rati ngs  be ing  exceeded ,  the  curren t wh ich  can  normal l y fl ow through  them .  They 
shal l  be  capable  of carrying  an ticipated  overloads  and  trans ien t curren ts,  for example  the  
capaci tor i n rush  curren ts,  wi thou t operational  degradation .  

4.4  Addi tions  and  al terations  

An  add i tion  or a l teration ,  temporary or permanent,  shal l  not be  made to  an  existi ng  i nstal lation  
un ti l  i t  has  been  defin i te l y ascerta ined  that the  rati ngs  and  the  cond i tion  of existi ng  
accessories,  conductors,  swi tchgear,  etc.  affected  are  adequate  for the  new s i tuation .  

Specia l  atten tion  is  taken  to  those  factors  affecti ng  the  existing  system  des ign  such  as  
curren t-carrying  capaci ty,  maximum  fau l t  curren t l evel ,  harmon ic con tent,  power qual i ty and  
proper d iscrim ination  of the  protective  devices.  

4.5  Environmental  cond itions  

Electrical  equ ipment shal l  operate  satisfactori l y under various  environmental  cond i ti ons.  The  
environmenta l  cond i tions  of I EC  60092  (a l l  parts)  shal l  appl y.  

4.6  Power supply system  characteristics  

4.6. 1  General  

NOTE  The  use  of primary DC  d i stri bu ti on  are  characteri zed  by 

•  DC-gri ds  i ncl ud i ng  various  sources  of power and  consumers  wi th  power e l ectron ic con trol l ers  form ing  
operati ona l  i n terfaces,  wi th  h i gh  dynam ics,  

•  fast  response  times  and  smal l  reaction  times  and  i n ductances  i n  DC-gri d  systems  compared  to  conventi onal  
AC-g ri d  systems,  and  

•  vol tage  sourced  converters ,  d i ode  bri dges,  etc. ,  wh ich  wi l l  create  specia l  fau l t  m i ti gation  scenari os  by the i r 
abi l i ty to  b l ock i n  one  d i rection ,  and  l ead  i n  the  opposi te  d i rection .   

4.6.2  DC  d istribution  systems  l imi ts  

When  batteries  are  used  as  power suppl y systems,  adequate  measures  shou ld  be  taken  to  
keep  the  vol tage  wi th in  the  speci fied  l im i ts  during  charg ing ,  qu ick charg ing ,  gas-charg ing  and  
d ischarg ing  of the  battery.  

4.7  Mechan ical  protection  

Electrical  equ ipment shal l  be  p laced  so  that,  as  far as  practicable ,  i t  i s  not exposed  to  ri sk of 
mechan ical  damage accord ing  to  I EC  60092-1 01  and  I EC 60092-352.  

Safety barriers  shal l  be  establ ished  i n  des ign  and  arrangement of energy sources.  

4.8  Enclosures  

Enclosures  shal l  comply wi th  the  degrees  of protection  i n  I EC  60092-302.  
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5 System  design  

5.1  General   

The des ign  of the  e lectrical  system  shal l  be  i n  accordance  wi th  re levant parts  of the  
I EC 60092  (series)  and  I EC  60533,  wi th  the  add i ti onal  requ irements  of th is  PAS.  

5.2  Power qual i ty 

Harmon ic vol tage  d istortion  levels  i n  AC parts  of sh ip  systems shal l  be  i n  l i ne  wi th  
requ irements  i n  I EC 60092  (a l l  parts) .  For DC  systems the  frequency ampl i tudes  and  vol tage  
pu lses  due  to  swi tch ing  of sem iconductor devices  wi l l  vary depend ing  on  the  l oad  cond i tions  
and  vol tage  cond i tions .  Al l  connected  devices  to  the  DC bus-bar shal l  be  able  to  operate  
normal l y under any operati ng  cond i ti ons  wi th  the  actual  vo l tage  and  curren t ampl i tudes  and  
frequencies  generated  by the  i nverter system  accord ing  to  2 . 8. 3  of  
I EC 60092-1 01 : 1 994/I EC  60092-1 01 : 1 994/AMD1 : 1 995.  

5.3  Combined  AC  and  DC d istribution  systems  

Combinations  of AC and  DC  d istribu tion  systems shal l  be  coord inated  i n  such  way that safe  
operation  can  be  documented  for a l l  normal  and  fau l t  cond i ti ons.  Paral l e l  operation  of such  
systems  shal l  be  documented  and  veri fied  based  on  testing .  

5.4  Black-out start  up  and  start  from  dead  sh ip  condi tion  

Any system  configuration  can  be  reconfigured ,  even  under dead  sh ip  cond i ti ons,  to  a  
configuration  from  wh ich  i t  shal l  be  possib le  to  start from  a  dead  sh ip  or from  a  b lack-out  
s i tuation .   

5.5  DC  d istribution  systems  

System  earth  shal l  be  of one  of the  fo l l owing  a l ternatives:  

•  two-wire  i nsu lated ;  

•  two-wire  wi th  one  pole  earthed  in  ga lvan ic  separated  DC bus  sections ;  

•  th ree-wire  wi th  m idd le  wi re  earthed  for specia l  systems.  

Battery systems  shal l  be  i nsu lated  from  the  sh ip  structu re  to  avoid  damag ing  vol tage  pu lses  
between  chass is  and  battery ce l l s .  

For a  DC source  of power that requ i res  d i rect or h igh  impedance  earth ing ,  necessary 
arrangements  shal l  be  implemented  and  accepted  by re levant  au thori ties.  

5.6  AC  d istribution  systems  

AC d istribu tion  systems  i n terfacing  DC arch i tecture  shal l  comply wi th  I EC  60092-1 01 .  

5.7  Shore  powered  charg ing  systems  

I f shore  i n terconnection  i s  to  be  used  for charg ing  of batteries ,  i ndependen t control  of the  
shore  i n terconnection  curren t shal l  be  provided  i n  add i ti on  to  con trol  by the  battery 
management system .   

The  overal l  charg ing  system  shal l  be  des igned  and  veri fi ed  for each  type  of appl ication  based  
on  the  nature  of the  power demand  and  i ts  duration .  Charg ing  system  connection  may be  
au tomatic,  for example  due  to  l im i ted  time avai l ab le  for charg ing .  

A safety anal ys is  sha l l  be  made i nclud ing  a l l  phases  of the  operation  of the  power transfer 
system .  Automatic connection  system  shal l  be  tested  accord ing  to  a  test procedure  accepted  
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by the  re levant au thori ty.  Local  manual  operation  shal l  be  poss ib le  both  on-board  and  
onshore.   

The  power exchange system  shal l  wi thstand  the  dynam ic forces  i n  hu l l  heave  and  s i deway 
movements.  

5.8  Short-circu i t  currents  i n  combined  AC  and  DC systems  

5.8. 1  General  

The short-ci rcu i t current  contribution  of generators  and  motors  shal l  be  calcu lated  on  the  
basis  of thei r characteri stics.  Contribu tion  from  connected  DC inverter systems shal l  be  
calcu lated  based  on  the  actual  technology used .   

5.8.2  Short-circu i t  current in  DC  systems  

The DC d istribution  system  may include  pass ive  or active  control led  components  that  l im i t  the  
con tribu tion  of fau l t curren ts.  Short-ci rcu i t  curren t values  shal l  be  calcu lated  and  when  
requ i red ,  veri fication  shal l  be  made  by testi ng  i n  the  design  phase.  

NOTE  I EC 61 363-1  or I EC 60909  (a l l  parts)  can  be  used  as  a  gu i dance  for fau l t  cal cu l ation  for AC  sou rces  and  
I EC 61 660  (al l  parts)  for DC sources.  

5.9  System  stud ies  and  calcu lations  

Protection  and  control  systems  shal l  i nclude  mon i toring ,  fau l t  detection  and  fau l t cl earance.  
Comprehensive  anal yses  shal l  document the  actual  clearing  times  and  fau l t cu rrent  cond i ti ons  
i n  re levant  operation  modes.  

Where  DC and  AC systems are  used  in  the  same  i nsta l lation ,  a  d iscrim ination  study shal l  be  
performed.  

Fu l l  downstream  selectivi ty shal l  be  provided .  

NOTE  The  l ow fau l t  cu rren t capabi l i ty  of i nverters  can  i n troduce  a  need  for specia l  protection  arrangements  for 
connected  l oads.  

5.1 0  Protection   

5. 1 0. 1  General  

I n  general  protective  devices  for short-ci rcu i t,  protection  shal l  conform  to  the  requ i rements  of 
I EC 60092  (a l l  parts) .  However,  other devices  may be  used  for short-ci rcu i t  protection  such  as  
sem i-conductor devices.  Galvan ic  i so lation  and  short-ci rcu i t  protection  may be  provided  by 
separate  devices.  

Depend ing  on  the  type  of power source  feed ing  the  DC d istribu tion  system ,  the  protection  
function  shal l  be  able  to  protect the  power source.  Acti ve  sem iconductor systems  shal l  have  
bu i l t- i n  protection  in  the  sem iconductor software,  and  separate  d isconnecting  device  shal l  
i ncl ude  protection  as  for AC  systems.  The  specia l  demands  for speed  regu lation  shal l  be  
taken  i n to  account.  The  sem iconductor software  shal l  tri p  the  d isconnecting  device  i n  case  of 
a  fau l t.  The  power source  shal l  wi thstand  a  short-ci rcu i t  i den ti fi ed  by the  protection  system .  

Passive  recti fi ers  shal l  be  equ ipped  wi th  i nd ividual  protection .  

Where  fuses  are  used  as  fau l t protection ,  a  d isconnector shal l  a lso  be  i nstal led .   

The  protection  function  of DC i nverter systems  shal l  be  des igned  accord ing  to  the  re levant 
IEC standards.  The  protection  functions  shal l  be  tested  and  documented .  
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NOTE  The  protection  function  of DC i nverter systems  i s  normal l y implemented  as  a  part  of the  i nverter con trol .  

Separate  protection  functions  by fuses,  sem iconductors  or ci rcu i t  breakers  shal l  fu l fi l  
requ irements  for DC  or AC  rati ngs  documented  by suppl iers  for the  re levant fau l t  l evels  and  
system  vol tages.   

5.1 0.2  Fixed  and  variable  speed  AC  generator protection   

For AC generators  wi th  fi xed  or variable  speed ,  ci rcu i t  protection  and  rati ngs  shal l  comply wi th  
I EC 60092  (a l l  parts) .  

For generators ,  wh ich  cannot be  de-exci ted  by fi e l d  wind ing  a  s top  arrangement for the  prime 
mover shal l  be  cons idered .  

Variable  speed  AC generators  may vary depend ing  on  the  characteristics  of the  prime mover.  
With  these  variations  i n  speed ,  the  generator need  to  be  protected  for fau l t contribu tion  over 
the  en ti re  speed  range;  both  thermal  cond i ti ons  and  short-ci rcu i t fau l t curren ts  as  wel l  as  
vol tage  regu lation .   

Where  a  permanent exci ted  generator i s  used ,  there  shal l  be  a  separate  protection  for 
stopping  the  prime mover i n  case  of short-ci rcu i t between  the  i nverter/breaker and  the  
generator.  

Protection  functions  l i ke  reverse  power may be  om i tted  i f the  recti fier blocks  any back feed ing  
of power.  

5. 1 0.3  Battery ci rcu i ts  

Batteries  i n  use  as  a  main  source  of power are  connected  wi th  ind ividual  cel ls  i n  series  to  
ach ieve  the  requ ired  vol tage  l evel  and  wi th  ce l l s  i n  paral le l  to  ach ieve  the  requ ired  
charge/d ischarge  capaci ty.  The  short-ci rcu i t  con tribu tion  of battery ci rcu i ts  shal l  be  i den ti fied  
for the  actual  state  of charge,  ageing  and  other factors  i n fluencing  the  capaci ty of the  battery.   

Each  stri ng  of batteries  shal l  have  i nd ividual  protection  schemes  to  i solate  a  fau l t  occurring  i n  
that stri ng ,  and  hand le  possib le  short-ci rcu i t  con tribu tion  from  para l le led  s tri ngs .  

The  complete  battery shal l  have  an  d isconnecting  device  between  the  battery and  the  DC 
d istribu tion .  

Energy storage  systems  (ESS)  shal l  be  i nsu lated  from  earth  ( I T).  

NOTE  Appl i cable  measures  depends  on  the  battery technol ogy used .  

5.1 0.4  Safety barriers  for energy storage systems  

NOTE  References  to  requ i rements  i n  s tandards  devel oped  by I EC TC 1 20  are  under consi deration .  

5.1 0.4. 1  General  

Energy storage  i nsta l lations  shal l  be  des igned  wi th  a  number of safety barriers.   

I n  general ,  batteries  may be  of any technology i f i t  can  be  documented  that the  batteries  are  
accepted  for operation  by re levant au thori ties .  Where  the  battery technology has  no  proven  
marine  service,  a  ri sk assessment shal l  be  carried  ou t to  demonstrate  the  safety of the  
i nstal lation .  

5. 1 0.4.2  Power and  energy rating  

The battery system  shal l  be  documented  wi th  regards  to  max C  rate  that can  be  used  in  du ty 
cycles  both  i n  d ischarge  and  charge  cond i tions.  
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The  temperature  cond i tions  for the  battery cel ls  sha l l  be  mon i tored  and  a  common  a larm  shal l  
be  g iven  when  temperatu res  are  i n  an  area  where  there  i s  a  ri sk for permanent degradation  of 
the  ce l l s  or there  is  a  ri sk for overheating  and  further thermal  esca lation .  

The  battery system  shal l  have  sufficient cool i ng  to  be  able  to  operate  i n  ambien t cond i ti ons  
speci fied  by the  manufacturer.   

The  battery system  shal l  be  equ ipped  wi th  a  battery management system  (BMS)  that shal l  
mon i tor and  protect the  battery system  and  a lso  control  i n ternal  temperatures  and  vol tages  
and  i n ternal  cel l  ba lancing  of the  system .   

5.1 0.4.3  Charg ing  faci l i ties  

For fl oati ng  service  or for any other cond i tions  where  the  l oad  i s  connected  to  the  battery 
wh i l e  i t  i s  being  charged ,  the  maximum  battery vol tage  under any cond i tions  of charg ing  shal l  
not exceed  the  safe  value  of any connected  apparatus.  The  vol tage  characteristics  of the  
generator or generators  or sem iconductor convertor,  wh ich  wi l l  operate  i n  paral le l  wi th  the  
battery,  sha l l  be  su i table  for each  i nd ividual  appl ication .  Where  apparatus  capable  of 
operation  at the  maximum  charg ing  poten tia l  i s  not avai lab le,  a  vol tage  regu lator or other 
means  of vol tage  control  shal l  be  provided .  

5.1 0.5  Protection  against  e lectric  shock 

For protection  against e lectric shock,  the  requ i rements  of I EC  60364-4-41  shal l  be  met.  
Where  an  I T  system  is  designed  not to  be  d i sconnected  in  the  even t of fi rst fau l t,  the  
occurrence of the  fi rst fau l t  shal l  be  i nd icated  by an  i nsu lation  mon i toring  device  ( IMD)  
accord ing  I EC 61 557-8,  wh ich  may be  combined  wi th  an  i nsu lation  fau l t l ocation  system  
(I FLS)  accord ing  I EC 61 557-9.  

5. 1 1  Protection  of in terconnection  to  shore  

The  DC d istribu tion  system  or shore  connection  box on  a  vessel  shal l  be  equ ipped  wi th  a  
pass ive  or con trol l able  feature  that inh ib i t any reverse  currents  to  shore  i n  case  of a  fau l t  i n  
the  shore  system .  

Cascad ing  fau l ts  in  the  i n terconnection  of shore  and  vessel  system  shal l  be  prevented .  

6 Sources  of electrical  power 

NOTE  I denti fi cati on  of main ,  essen ti al ,  emergency sou rces  of power are  under considerati on .  

6.1  General  

Power generation  may i nclude  both  trad i ti onal  fixed  and  variable  speed  generating  sets ,  fuel  
ce l l s ,  batteries  and  other type  of energy sources.   

Rotating  mach ines  shal l  comply wi th  I EC 60034  (a l l  parts)  i ncl ud ing  any re levant requ i rements  
of th is  PAS i n  add i tion  to  best practice.  

The  sh ip  shal l  be  provided  wi th  a  main  source  of e l ectrical  power of su fficien t capaci ty to  
suppl y a l l  the  services  men tioned  in  I EC 60092  (a l l  parts) .   

6.2  AC  power generation  wi th  variable  speed  

For AC primary d istribu tion ,  the  requ i rements  of I EC  60092  (al l  parts)  sha l l  appl y.   
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6.3  DC  power generation  wi th  variable  speed  

DC power generation  wi th  variable  speed  a l l ows  for a  wide  speed  range  for the  prime mover,  
wh ich  holds  l im i tation  for the  actual  speed  range.  The  configuration  of the  power management 
system  shal l  take  i n to  account the  variances  i n  avai l able  power at d i fferent prime mover 
speeds  wi th in  the  operating  range.  

The  fuel  consumption ,  em ission ,  speed ,  power and  torque  capabi l i ty of the  prime mover shal l  
be  documented  over the  selected  speed  range.  The  prime mover shal l  be  protected  by i ts  own  
safety system .  

The  generator shal l  be  des igned  to  operate  at any speed  wi th in  the  selected  speed  range  
area.  The  power and  fau l t curren t capabi l i ties  for th is  speed  range  shal l  be  documented .  

6.4 Various  DC power sources  

DC power sources  may consist of e lectrochem ical  systems l ike  fue l  ce l ls  or battery 
technolog ies.  These  types  of power sources  may be  con trol l ed  by a  DC  converter.  

Batteries  may be  i nstal l ed  as  a  main  power source  e i ther as  a  s tand-alone  un i t  or i n  
combinations  wi th  other power generation  un i ts.  

6.5  Load  sharing  

Load  sharing  of d i fferent power sources  may be  performed  by a  separate  con trol  system  or by 
the  power management system .  The  avai l able  power for each  power source  may be  a  static  or 
a  d ynam ic va lue  depend ing  on  the  speed ,  s tate  of charge  or other characteristics  of the  power 
source.  

6.6  Transient  operation  

Combination  of power sources  shal l  be  ab le  to  suppl y a l l  re levant sh ip  loads;  start curren ts,  
i n rush  currents  and  fau l t curren ts  to  such  levels  that effectiveness  of safety devices  i s  
guaran teed ,  wi th in  the  l im i ts  of vol tage  and  frequency d rop  as  stated  i n  I EC  60092  (a l l  parts)  
and  mainta in  acti ve  protection  functions.   

7 Power d istribution  systems  

7. 1  General  

Power d istribution  systems may include  both  trad i ti onal  AC systems  wi th  fixed  frequency and  
vol tage,  AC systems  wi th  variable  frequency and  DC i nverter systems.  The  d i fferen t systems 
may be  present i n  the  same instal lation  or one  of the  systems  may be  the  on l y a l ternative.  

7.2  AC  d istribution  systems  

These  systems  shal l  comply wi th  I EC 60092  (a l l  parts) .  

7.3  DC  d istribution  systems  

Specia l  atten tion  shou ld  be  d rawn  to  DC bus  systems where  two or more  DC d istribu tion  
systems  are  connected .  The  DC bus  shal l  be  equ ipped  wi th  a  d isconnector or a  combination  
of sem iconductor device  and  isolator.  Connection  of several  DC d istribu tion  systems shal l  not  
degrade  the  operational  cond i ti ons  i n  any of the  DC d istribution  systems.  Necessary techn ical  
arrangements  shal l  be  i nsta l l ed  to  compensate  for any osci l l ations  between  un i ts  connected  
by cables  or other arrangement.  Any fau l t  i n  the  DC bus  arrangement or i n  one  of the  DC  
d istribu tion  systems  shal l  not cause  tripping  of the  other consumers  connected  to  the  other 
DC  d istribution  systems.  
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Each  acti ve  control l ed  un i t shal l  have  mon i toring  and  protection  to  protect the  connected  
device  and  a lso  to  protect the  sem iconductor devices  i n  the  un i t for external  fau l ts  and  for 
i n ternal  thermal  fau l ts .  

The  ti e  connection  shal l  provide  short-ci rcu i t  protection ,  separation  and  shal l  ensure  
d iscrim ination .  

7.4 DC  d istribution  systems feeding  AC  d istribution  systems  

DC d istribu tion  systems  wi th  connection  to  AC systems shal l  be  connected  to  the  AC system  
wi th  an  i nverter con trol  un i t.  The  i nverter may feed  power i n  both  d i rections.   

Galvan ic isolation  shal l  be  considered  to  prevent any ci rcu lati ng  curren ts.  

Al l  normal  cl os ing  and  tri pping  i nclud ing  synchron izing  and  dead-bus  connection  shal l  be  
con trol l ed  by the  inverter software  and  d istribu tion  breaker.  

With  b lack-out  start function ,  the  i nverter systems  shal l  au tomatica l l y connect  to  the  AC 
network and  maintain  AC operation  from  the  DC  side  i f necessary.  The  i nverter system  shal l  
be  able  to  del i ver a  steady vol tage  and  frequency to  the  AC network wi thout any power 
generati ng  un i ts  on  the  AC s i de.  

During  fau l t  cond i tions  i n  the  AC  network,  the  AC bus-bar breaker shal l  i so late  the  fau l ty part 
of the  system  and  the  remain ing  system  shal l  be  steady and  main ta in  normal  operation  after 
the  fau l t  i s  cl eared .  

Para l le l  operation  of AC  d istribution  i nverters  and  other AC power sources  operated  
i nd ividual l y or i n  paral l e l  sha l l  be  des igned  to  a l l ow u ti l i zation  of any power source.  

8 Equipment 

8. 1  General   

Equ ipment used  i n  d istribu tion  systems  shal l  be  i n  accordance wi th  re levant  I EC product  
standards.  For new equ ipment or new use  of equ ipment where  standards  are  not avai l able,  
functional  requ i rements  shal l  be  ou tl i ned  accord ing  to  th is  PAS,  and  equ ivalence  to  existing  
conventional  products  shal l  be  demonstrated .  

8.2  Generators  

Generators  shal l  be  des igned  and  bu i l t  accord ing  to  I EC 60092-301  wi th  regards  to  variable  
speed  generators.  

8.3  DC  assembl ies  

8.3. 1  General  

The construction  shal l  i ncl ude  adequate  ins ide  segregation  and  necessary protection  to  avoid  
damages  on  ne ighbouring  un i ts.   

8.3.2  Cool ing  

I n  general ,  power e lectron ics  wi l l  produce  add i tional  heat due  to  swi tch ing  and  conducting  
l osses.   

At  l east one  i ndependent cool ing  system  for each  DC  d istribution  system  is  requ i red .  
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8.3.3  Ind ividual  ci rcu i ts  

8.3.3.1  General  

Each  connected  ci rcu i t  sha l l  be  connected  to  the  DC  d istribution  wi th  a  su i table  breaker or 
fuses  and  d isconnector to  control  ou tgoing  fau l ts  and  i so lati ng  capaci ty i n  case  of fau l ts  i n  the  
ci rcu i ts,  or d uring  main tenance  work on  a  ci rcu i t.  Th is  does  not preclude  the  use  of add i tional  
sem iconductor swi tch ing  for h i gh  speed  protection  against over curren ts.  

Each  i nverter sha l l  have  necessary bu i l t- i n  protection  to  control  safe l y any fau l ts  ou ts ide  the  
assembly.  I n  case  of fau l t  i n  the  i nverter,  there  shal l  be  a  separate  protection  that safel y 
i solate  the  fau l ty ci rcu i t  and  maintain  the  operation  of the  DC d istribu tion  wi thout tri pping  
other ci rcu i ts  connected  to  the  DC d istribution .  The  protection  may be  fuses,  DC breakers  or 
sem iconducting  breakers.  Sem iconducting  breakers  are  to  be  provided  wi th  d isconnectors  or 
other means  to  provide  physica l  i solation  of ci rcu i ts .  

The  function  shal l  be  tested  and  documented  for fau l t  clearance i n  case  of worst fau l t  i n  the  
i nverter ci rcu i t  and  s ti l l  main ta in ing  operation  of other ci rcu i ts.  

The  d i fferent  i nverter,  breaker or fuse  un i ts  may be  fixed  mounted  or wi thdrawable.  

8.3.3.2  Generator ci rcu i ts  

Each  generator suppl ying  a  DC primary d istribu tion  shal l  have  a  recti fier as  a  part of the  DC  
d istribu tion  assembly or a  DC connection  to  the  generator.  The  recti fi er may be  an  acti ve  or 
pass ive  sem iconductor un i t.  

I n  case  of a  pass ive  recti fier,  the  DC vol tage  shal l  be  con trol l ed  by the  generator exci tation  
con trol  system .  

The  rating  of the  un i ts  shal l  be  documented  for a l l  operational  cond i tions  of the  generators.  

I n  case  of i n ternal  fa i lu re,  the  prime mover shal l  be  stopped  and  the  energy source  shal l  be  
d isconnected  from  the  busbar.  

8.3.3.3  Energy storage  ci rcu i ts  

Each  energy storage  ci rcu i t  i s  normal l y a  DC source  (e. g .  batteries)  and  shou ld  be  connected  
to  the  DC d istribu tion  wi th  a  con trol led  DC/DC converter or d i rectl y uncontrol led  i f th is  meet 
functional  requ irements  for the  other ci rcu i ts.  An  outgoing  ci rcu i t  breaker or sem iconductor 
coord inated  wi th  a  d isconnector shal l  be  a  part of the  DC d istribu tion  to  be  ab le  to  i solate  the  
energy storage  sources  i n  case  of a  fau l t.  

The  rating  of the  un i ts  shal l  be  documented  for a l l  operational  cond i ti ons  of the  energy 
storage  system .  

NOTE  I n  case  of other types  of energy storage  systems  l i ke  fl ywheel  systems,  the  control  i s  normal l y an  i n verter 
con trol l i n g  an  AC motor equal  to  a  trad i ti onal  motor contro l .  

8.3.3.4  Shore charging  circu i ts  

The feed ing  from  shore  may be  connected  to  the  DC  d istribution  system  wi th  an  AC/DC or 
DC/DC converter or as  defined  by vessel  des ign  i f i t  meets  a l l  functional  requ i rements.  A 
d isconnector shal l  be  a  part of the  DC d istribution  system  to  be  able  to  i solate  the  i ncom ing  
suppl y i n  a  safe  way.  

8.3.3.5  Energ izing  DC  d istribution  systems  in  series  

DC d istribution  systems  may connect to  other DC  d istribu tion  systems  i n  case  of fau l ts  or 
repowering  by avai lable  power sources.  Such  connections  to  other DC  d istribution  systems  



I EC PAS  631 08:201 7    I EC  201 7  – 1 7  –  

may be  energ ized ,  for example  by combination  of precharge  ci rcu i ts ,  fuses  and  d i sconnectors ,  
or an  i solator i n  combination  wi th  an  e lectron ic swi tch  based  on  sem iconducting  devices .  

The  rati ng  of the  bus-bar connection  wi th  auxi l iary ci rcu i ts  shal l  be  documented  for a l l  
operational  cond i tions .  The  in terconnection  shal l  have  necessary bu i l t- i n  protection  to  con trol  
safe l y any fau l ts  and  safe l y i solate  the  fau l ty DC d istribution  systems  and  main ta in  the  
operation  of the  heal thy DC d istribution  systems wi thout tri pp ing  other ci rcu i ts  connected  to  
the  d is tribution  systems.  The  function  shal l  be  tested  and  documented  for fau l t  clearance in  
case  of worst  fau l t and  sti l l  main ta in  operation  of other ci rcu i ts .  

9  Control  systems  

9. 1  General  

Sh ip  energy control  systems shal l  fo l low the  pri nciples  for computer based  con trol  systems 
and  automatic control  i nsta l l ation  i n  I EC 60092  (a l l  parts)  where  re levant.  

9.2  Control  arch i tecture  

Distribu tion  systems  shal l  have  a  ded icated  con trol  system ,  wh ich  does  not reduce  the  
i n tegri ty or re l iabi l i ty of any part  of a  redundant power system .   

The  energy control  system  consists  of several  l evels  of con trols  and  a larm  functions ,  such  as:  

•  mon i toring  of a l l  power sources  and  i nverters  and  d isconnectors  for the  d istribu tion  
system ;  

•  a larm  functions  for a l l  power sou rces  and  i nverters  and  d isconnectors  for the  d istribu tion  
system ;  

•  acti ve  control  of power sources  and  d istribu tion  system  

•  vo l tage  and  power control  for DC  d istribution  system ;  

•  ava i l ab le  power control  depend ing  on  state  of charge;  

•  charge  and  d ischarge  control ;  

•  power management system  (PMS)  functions  for a  DC d istribu tion  system ;  

•  i n terface  wi th  energy storage  management systems,  i f used ;  

•  i n terface  wi th  PMS for combinations  of AC and  DC  d istribution  systems;  

•  i n verter con trol  for the  overal l  system  stabi l i ty;  

•  i n terconnection  to  a lert system  or in tegrated  automation  system .  The  a lert functions  wi l l  be  
classi fied  and  presented  accord ing  to  the  i nstructions  g i ven  i n  MSC.302(87).  

9.3  Automatic  control  of vessel  energy systems  

9.3. 1  General  

Automatic con trol  systems for power production  and  d istribu tion  may i nclude  

•  au tomatic  starti ng  of a  power source,  

•  au tomatic  connecting  on to  a  dead  bus  bar,  

•  au tomatic  paral le l i ng  and  l oad  sharing ,  

•  au tomatic  shu t-down  of power source,  

•  au tomatic  d isconnecting  of non-essentia l  l oads,  and  

•  au tomatic  anal ys is  of power reserve.  
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9.3.2  In i tiation  of start-commands  

Commands  for au tomatic  starti ng  may be  g iven ,  for example,  by 

•  no  vol tage  (b lackou t) ,  

•  prolonged  vol tage  d rop,  

•  prolonged  frequency drop,  

•  emergency a larms,  

•  expected  s top  of runn ing  set,  

•  overload ,  

•  i ncrease  of power demand ,  

•  s tart s i gnal  for l arge  e lectric  power consumer(s),  for example  transverse  th ruster motor,  

•  fa i l u re  of runn ing  sets ,  and  

•  remote  manual  means.  

9.3.3  Transfer of start-command  

I f more  than  one  power source  is  fi tted  wi th  au tomatic starti ng  devices,  there  shal l  be  insta l l ed  
a  sequence system ,  wh ich ,  i n  case  of fai l i ng  to  start after three  start attempts ,  au tomatical l y 
transfers  the  s tart-command  to  the  next power source  or a  se lector swi tch  for manual  use.  

NOTE  The  starti ng  methodology and  s tarti ng  attempts  for various  sources  of power are  under consi deration .   

9.3.4  Events  and  ind ications   

Stand -by i nd ication  shal l  be  arranged  for i nd ication .  

The  au tomatic  starti ng  and  runn ing  of a  power source  shal l  be  i nd icated .  

Starting  fai l u re  of a  power source  shal l  g i ve  an  a lert.  

9.3.5  Automatic  reconnection  to  dead  DC d istribution  system  

Reconnection  of DC power sources  shal l  be  done  au tomatical l y accord ing  to  the  sequence set 
by the  energy con trol  system .  

9.3.6  Automatic  load  sharing  

The l oad  sharing  shal l  be  based  on  the  abi l i ty for the  d i fferen t power sou rces  to  hand le  load  
variations  and  trans ien ts.  Avai l ab le  power i s  a  static value  based  on  the  rati ng  of the  power 
source.  

Load  sharing  may be  done  based  on  a  DC d roop  function  or a  combination  of set poin ts  and  
droop/vol tage  con trol  for each  un i t.  Power sources  such  as  batteries ,  shal l  be  defined  for i ts  
maximum  avai l ab le  power for d ischarge  and  charge.  

Charg ing  functions  shal l  be  implemented  i n  the  energy control  system  and  shal l  not i n terfere  
wi th  the  abi l i ty to  del i ver power as  defined  i n  the  avai l ab le  power s ignal .  

1 0  Instal lation  

The i nstal lation  shal l  be  i n  accordance  wi th  I EC 60092-401 .  
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1 1  Testing,  veri fication  and  documentation  

1 1 . 1  General  requ irements  

Testing  of DC assembl ies  shou ld  comply wi th  the  test requ i rements  of I EC  60092  (al l  parts)  
wi th  any add i tional  requ i rements  of th is  PAS.  

1 1 .2  Factory acceptance  test 

The DC  assembly shal l  be  tested  by the  manufacturer.  

Nom inal  vol tage  shou ld  be  appl i ed  for the  testing .  Load  requ i rements  can  d i ffer from  the  
actual  on -board  requ irements  and  i f not practical  run  on -board  after i nsta l l ation .  

Relevant tests  shou ld  be  performed  i n  add i ti on  to  tests  for e lectrical  propu ls ion  and  power 
systems as  defined  by I EC  60092  (a l l  parts) .  

Any test setup  shal l  be  agreed  upon  wi th  the  gri d  des igner.  

1 1 .3  On-board  testing  (si te  testing)  

After i nsta l lation ,  the  tota l  system  shal l  be  tested  accord ing  to  an  accepted  test p l an .  

I n  add i tion  to  relevan t tests  defined  by I EC  60092  (a l l  parts) ,  the  fol l owing  tests  shal l  be  
performed  as  a  m in imum:  

•  veri fication  of acti ve  load  sharing  between  power sources;  

•  veri fication  of reactive  l oad  sharing  between  power sources;  

•  sudden  load  d isconnection  and  load  ramp-up to  veri fy battery system  capabi l i ty;  

•  test of d ynam ic avai l ab le  power wi th  batteries  as  power source;  

•  test of maximum  charg ing  capabi l i ties  of batteries ;  

•  test of start and  stop  of eng ines;  

•  test of system  stabi l i ty du ring  fau l t;  

•  veri fication  of a l l  battery charg ing  arrangements  (on-board  and  on-shore  when  re levant) ;  

•  veri fication  of ri de  th rough  under fau l t cond i ti ons;  

•  testing  of pre-charge  system  in  i nverters  when  re-connected .  

1 1 .4  Documentation  

Under consideration .  
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