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BALANCE-OF-SYSTEM  COMPONENTS  
FOR PHOTOVOLTAIC  SYSTEMS – 

DESIGN  QUALIFICATION  NATURAL ENVIRONMENTS 
 
 
 

1  Scope and  object 

Th is  I n ternational  Standard  establ i shes  requ i rements  for the  design  qual i fi cation  of balance-
of-system  (BOS)  components  used  in  terrestria l  photovol ta ic (PV)  systems.  Th is  standard  i s  
su i table  for operation  i n  i ndoor,  cond i tioned  or uncond i tioned ;  or ou tdoor i n  general  open-ai r 
cl imates  as  defined  i n  I EC  60721 -2-1 ,  protected  or unprotected .  I t  i s  wri tten  for ded icated  
solar components  such  as  batteries,  i nverters,  charge  con trol lers,  system  d iode  packages,  
heat s inks,  surge  protectors,  system  j unction  boxes,  maximum  power poin t tracking  devices  
and  swi tch  gear,  bu t may be  appl icable  to  other BOS  system  components.  

Th is  standard  i s  based  on  that wh ich  i s  speci fied  i n  I EC  61 21 5  and  I EC  61 646  for the  design  
qual i fi cation  of PV modu les.  However,  changes  have  been  made  to  account for the  special  
features  of the  balance-of-system  components,  and  to  add  d i fferent l evels  of severi ty for the  
d i fferen t service  envi ronments.  Dust,  fungus,  i nsects,  sh ipping  vibration  and  shock,  and  
protection  class  have  been  added  to  the  appropriate  envi ronmental  categories.  The  h igh  and  
l ow temperature  and  humid i ty l im i ts  have  a lso  been  mod i fied  for the  appropriate  service  
envi ronments.   

Th is  standard  does  not apply to  photovol taic modu les.  These  are  covered  by I EC  61 21 5  or 
I EC  61 646.  Also,  th is  standard  does  not apply to  concentrator modu les  or to  complete  PV 
systems.  Speci fic e lectrical  safety aspects  are  not part of th is  standard .   

Th is  standard  i s  appl icable  to  l ead -acid  and  n ickel -cadmium  cel ls  and  batteries.  Other 
e lectrochemical  storage  systems wi l l  be  i ncluded  when  they become avai lable.  

The  object of th is  test sequence  i s  to  determine  the  performance  characteristics  of each  BOS 
components  and  to  show,  as  far as  possible  wi th in  reasonable  constrain ts  of cost and  time,  
that the  component i s  capable  of main tain ing  th is  performance  after exposure  to  the  s imu lated  
service  natural  envi ronmental  cond i tions  for wh ich  i t  i s  i n tended  to  be  appl icable  as  speci fied  
by the  manufacturer.  The  actual  l i fe  expectancy of components  so  qual i fied  wi l l  depend  on  
thei r design ,  thei r envi ronment and  the  system  cond i tions  under wh ich  they are  operated .  

2  Normative  references  

The  fol lowing  referenced  documents  are  ind ispensable  for the  appl ication  of th is  document.  
For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For undated  references,  the  l atest ed i tion  
of the  referenced  document ( i nclud ing  any amendments)  appl ies.  

I EC  60068-1 ,  Environmental testing – Part 1 :  General and guidance 

I EC  60068-2-6,  Environmental testing – Part 2:  Tests – Test Fc: vibration (sinusoidal)  

I EC  60068-2-21 ,  Environmental testing – Part 2-21 : Tests – Test U: Robustness of 
terminations and integral mounting devices 

EN 62093:2005  -  5  -  
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I EC  60068-2-27,  Environmental testing – Part 2:  Tests.  Test Ea and guidance: Shock 

I EC  60068-2-30,  Environmental testing – Part 2:  Tests.  Test Db and guidance: Damp heat,  
cyclic (1 2 +  1 2-hour cycle)  

I EC  60068-2-75,  Environmental testing – Part 2-75: Tests – Test Eh: Hammer tests 

I EC  60068-2-78,  Environmental testing – Part 2-78: Tests – Test Cab: Damp heat,  steady 
state 

I EC  60068-3-6,  Environmental testing – Part 3-6:  Supporting documentation and guidance – 
Confi rmation  of the performance of temperature/ humidity chambers 

I EC  6041 0,  Sampling plans and procedures for inspection by attributes  

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

IEC 60721 -2-1 ,  Classification of environmental conditions – Part 2-1 : Environmental conditions 
appearing in  nature – Temperature and humidity 

I EC  60904-3: 1 989,  Photovoltaic devices – Part 3:  Measurement principles for terrestrial 
photovoltaic (PV)  solar devices with reference spectral irradiance data  

I EC  61 21 5,  Crystalline silicon terrestrial photovoltaic (PV)  modules – Design qualification and 
type approval  

I EC  61 345,  UV test for photovoltaic (PV)  modules  

I EC  61 427:2005,  Secondary cells and batteries for solar photovoltaic energy systems – 
General requirements and methods of test 

I EC  61 646,  Thin film silicon terrestrial photovoltaic (PV)  modules – Design qualification and 
type  approval   

I EC  61 683,  Photovoltaic systems – Power conditioners – Procedure for measuring efficiency  

I EC  62262,  Degrees of protection provided by enclosures for electrical equipment against 
external mechanical impacts (IK code)  

I SO/IEC 1 7025,  General requirements for the competence of testing and calibration 
laboratories 

3  Sampl ing  

For qual i fi cation  testi ng  a  quanti ty of at  l east th ree  samples  of a  component (plus  spares  as  
desi red)  shal l  be  taken  at random  from  a  production  batch  or batches,  i n  accordance  wi th  the  
procedure  g iven  i n  I EC  6041 0.  The  components  shal l  have  been  manufactured  from  speci fied  
materia ls  and  components  i n  accordance  wi th  the  relevant d rawings  and  process  sheets  and  
shal l  have  been  subjected  to  the  manufacturer's  normal  i nspection ,  qual i ty con trol  and  
production  acceptance  procedures.  The  components  shal l  be  complete  i n  every detai l  and  
shal l  be  accompan ied  by the  manufacturer's  hand l ing ,  mounting  and  connection  instructions,  
i nclud ing  the  maximum  permissible  system  vol tage.  

I n  the  case  of i tems,  for example  wi res  and  cables,  that do  not have  previously defined  
measures,  a  su fficien t amount for the  testing  purposes  shal l  be  taken  at  random  from  a  
production  batch  or batches,  i n  accordance  wi th  the  procedure  g iven  i n  I EC  6041 0.  
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4 Marking  

Each  component shal l  carry the  fol lowing  clear and  i ndel ib le  markings:  

– name,  monogram  or symbol  of manufacturer/suppl ier;  

– type  or model  number;  

– serial /batch  number,  i f practical ;  

– the  design  service  use  of th is  component;  ou tdoor unprotected ,  ou tdoor protected ,  i ndoor 
uncond i tioned  and  i ndoor cond i tioned ;  

– polari ty of terminals  or l eads  (on ly colour cod ing  i s  not permissib le);  

– maximum  system  vol tage  for wh ich  the  component i s  su i table;  

– nominal  and  m in imum  values  of the  power consumption ,  as  speci fied  by the  manufacturer 
for the  product type.  

The  date  (and  preferably time)  and  p lace  of manufacture  shal l  be  marked  on  the  component 
or be  traceable  from  the  serial  or batch  number.  

NOTE  Smal l  componen ts  such  as  wi res,  connectors,  fuses,  etc.  need  not  have  these  e l aborate  marki ngs.  The  
m in imum  i n formation  i s  name/monogram/symbol  of manu factu rer or suppl i er and  the  type  or model  number.  

5 Documentation  

5.1  General  

The  documentation  shal l  con tain  the  fol lowing  i n formation  ( i f re levant):  

−  compl iance  wi th  re levant standards  (th is  i s  especial l y important wi th  respect to  European  
Di rectives  and  the  related  CE  marking);  

−  i nsta l lation  and  d isconnection  i nstructions;  

−  operating  i nstructions;  

−  service  use  of the  component (see  6. 1 ) ;  

−  techn ical  data  (ci rcu i t  d iagram  and  techn ical  speci fications);  

−  troubleshooting  i nstructions;  

−  safety warn ings  and  i nstructions;   

−  i n formation  on  spare  parts;  

−  warranty;  

−  i nstructions  for decommission ing  and  d isposal .  

I n  particu lar,  the  documentation  shal l  i nd icate  ( i f re levant) :  

a)  Cond i tions  of surround ings  

1 )  Range  of operating  temperature  

2)  Range  of storage  temperature  

3)  Maximum  relative  humid i ty 

b)  Physical  properties  of the  component 

1 )  D imensions  of the  enclosure  

2)  Weight 

3)  Properties  of the  enclosure  (material )  

4)  Fasteners  

5)   Protection  class  ( I P  and  IK Code)  
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6)  Connecting  terminals  

7)  Cables  ( i n let,  pu l l  rel ief,  cross-sections)   

8)  Spare  parts  

c)  E lectrical  properties  of the  component 

1 )  For charge  control lers  

−  L i sting  of i ncompatible  and  compatible  battery types  

−  Nominal  vol tage  of i npu t and  ou tpu t (V)  

−  Maximum  modu le  cu rrent (A)  

−  Maximum  load  curren t (A)   

−  Type  of control ler (series  con trol ler,  shun t con trol ler,  etc. )  

−  Working  principle  (PWM,  two-poin t-regu lation ,  state  of charge  a lgori thm,  etc. )   

−  Al l  used  thresholds  (V)   

−  Temperature  compensation  for the  th resholds  (mV/°C/cel l )   

−  Qu iescent current 

−  Cu rve  ind icating  inpu t and  ou tpu t power/current vs.  ambient temperature  

−  Power consumption  to  be  measured  during  operation  immed iately after deep 
d ischarge  d isconnection  

−  Power consumption  during  operation  at nominal  vol tage  

−  Overload  protection  

−  Reverse-polari ty protection  

−  Defin i tion  of the  a l lowable  vol tage  area  at  the  i npu t and  at the  ou tpu t s ide  

−  Warn ing  before  l oad  d isconnect 

−  Defin i tion  of the  ou tpu t behaviour i n  the  case  of no  battery connection  

−  Delayed  load  d isconnection  

−  D isplays  (LEDs,  d i splay,  accuracy)  

−  Add i tional  functions  (MPP tracking ,  etc. )  

−  Maximum  AC ripple  on  the  battery charg ing  current 

NOTE  I f the  negati ve  term ina l  of the  battery,  modu l e  and  l oad  cannot  be  l i nked  together,  th i s  must  be  cl earl y 
stated  and  the  behaviou r i n  such  a  case  must be  defi ned .  

2)  For batteries  

−  Type  of battery:  N iCd ,  l ead-acid ,  vented  (flooded),  valve-regu lated ,  gas-tigh t sealed  
(N iCd  on ly),  tubu lar plate,  fl at  p late,  etc.  

−  Nominal  vol tage  

−  Speci fic gravi ty of the  e lectrolyte  

−  Capaci ty expressed  i n  C1 20 ,  C20 ,  C1 0 ,  C5  

−  Charge  retention  expressed  as  a  percentage:  month ly sel f-d ischarge/nominal  
capaci ty 

−  Endurance  i n  cycles,  measured  accord ing  to  I EC  61 427  

−  Charg ing  efficiency (see  I EC  61 427)  

−  I nstructions  for starting  up  ( the  manufacturer must advise  i f there  are  specia l  
considerations  for the  i n i tia l  charg ing  wi th  on ly the  solar generator avai lable  as  the  
power source),  main tenance,  and  safety.  

−  Transportation  restrictions  
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3)  For i nverters  

−  Maximum  inpu t current (A)  

−  Maximum  ou tpu t curren t (A)   

−  Nominal  i npu t vol tage  and  range  (V)  

−  Nominal  ou tpu t vol tage  and  range  (V)  

−  Absolu te  maximum  solar vol tage  (Voc)  

−  Number of phases  

−  Frequency (Hz)  

−  Ou tpu t vol tage:  s ine  wave,  square  wave  or mod i fied  square  wave,  etc.  

−  Galvan ic separation   

−  Overload  capabi l i ty curve  

−  Cu rve  i nd icating  ou tpu t power at nominal  i npu t vol tage  vs.  ambien t temperature  

−  Curve  i nd icating  maximum  ou tpu t power at  nominal  i npu t vol tage  vs.  ambien t a i r-
pressure  (may be  expressed  i n  heigh t of i nsta l lation  above  sea-level )  

−  Maximum  ambien t temperature  

−  Type  of l oad  a l lowed ,  for example  maximum  cos(ph i ) ,  regenerative  l oads  

−  Earth ing  requ i rements  

−  For standalone  i nverters:  power consumption  to  be  measured  during  operation  
immed iately after deep  d ischarge  d isconnection  and  i n  standby-mode  ( there  may 
be  several  standby modes,  e . g .  s leep-mode,  no-load  mode,  etc. )  

−  Power consumption  i n  standby-mode (there  may be  several  standby modes,  e . g .  
s leep-mode,  l ow-solar- inpu t-mode,  etc. )  

−  Efficiency curve  accord ing  to  I EC  61 683  

−  Fuse  requ i red  on  the  AC-side  of the  i nverter:  s ize  and  class  

−  I f appl icable,  recommended  fuse  on  the  DC-side  of the  i nverter,  s ize  and  class  

−  Defin i tion  of the  behaviour of the  i nverter during  an  overload  s i tuation  and  overload  
protection  

−  Reverse-polari ty protection  on  the  DC-side  

−  Warn ing  before  l oad  d isconnect,  i f re levant 

−  Delayed  l oad  d isconnection ,  i f re levant 

−  D isplays  (LED's,  d i splay,  accuracy)  

−  Add i tional  functions  (MPP tracking ,  etc. )  

−  Total  harmon ic ou tpu t d istortion  on  a  l i near l oad  at nominal  cond i tions  

−  Total  harmon ic ou tpu t vol tage  d istortion  on  non-l inear l oads  at nominal  cond i tions  
wi th  a  crest factor of 2 , 5  %  

−  L i st of generic appl iances,  known  to  be  i ncompatible  wi th  the  i nverter 

Al l  data  shal l  be  veri fied  i n  the  course  of the  fol lowing  test sequences.  Data,  wh ich  are  
m issing  or do  not conform  to  the  i nd ications  of the  manufacturer,  shal l  be  conscien tiously 
recorded .  
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6 Testing  

6.1  Service  use 

The  test severi ties  are  based  on  the  service  use  ( to  be  i nd icated  by the  manufacturer)  of the  
component.  These  are  defined  as  fol lows.  

a)  Ou tdoor,  unprotected  

 The  component i s  fu l l y exposed  to  d i rect ra in ,  sun ,  wind ,  dust,  fungus,  i ce,  rad iation  to  the  
cold  n igh t sky,  etc.   

b)  Ou tdoor,  protected  

 The  component i s  partia l l y covered  to  protect i t  from  d i rect ra in ,  sun ,  wind -blown  dust,  i ce,  
fungus,  and  rad iation  to  the  cold  n igh t sky,  etc.   

c)  I ndoor,  uncond i tioned  

 The  component i s  fu l l y covered  by a  bu i ld ing  or enclosure  to  protect i t  from  d i rect rain ,  
sun ,  wind-blown  dust,  fungus,  and  rad iation  to  the  cold  n igh t sky,  etc,  bu t the  bu i l d ing  or 
enclosure  i s  not cond i tioned  in  terms  of temperature,  humid i ty or a i r fi l tration .  

d )  I ndoor,  cond i tioned  

 The  component i s  fu l l y  covered  by a  bu i l d ing  or enclosure  to  fu l l y protect i t  from  rain ,  sun ,  
wind -blown  dust,  fungus,  and  rad iation  to  the  cold  n i gh t sky,  etc,  and  the  bu i ld ing  or 
enclosure  i s  general l y cond i tioned  i n  terms  of temperature,  humid i ty and  a i r fi l tration .  

The  test cond i tions  for these  d i fferen t services  are  summarized  i n  Table  1 .  

6.2  Test sequence  

The  components  shal l  be  d i vided  in to  three  g roups  and  subjected  to  the  qual i fi cation  test 
sequences  i n  Table  1 ,  carried  ou t i n  the  order l a id  down .  Each  box refers  to  the  correspond ing  
subclause  i n  th is  standard .  Test procedures  and  severi ti es,  i nclud ing  i n i tia l  and  final  
measurements  where  necessary,  are  detai led  i n  Clause  1 1  and  summarised  i n  Table  1 .  Three  
groups  of components  shal l  fi rst be  subjected  to  basic envi ronmental  testing ,  after wh ich  a  
damp heat,  cycl ic test (see  1 1 . 1 5)  shal l  be  done.  After each  basic envi ronmental  test,  a  vi sual  
i nspection  (VI ) ,  a  function ing  test (FT)  and  an  i nsu lation  test ( I T)  shal l  be  done.  Al l  
g roups/pieces  shal l  be  subjected  to  thei r i nd ividual  function ing  test before  and  after each  
qual i fication  test.  

Table  1  con tains  a  summary of test l evels.  For e lectron ic equ ipment a l l  tests  apply.  For 
batteries  certain  tests  do  not apply,  a  summary can  a lso  be  found  i n  Table  1 .  

NOTE  1  Where  the  fi na l  measuremen ts  for one  test serve  as  the  i n i ti a l  measu remen ts  for the  next  test i n  the  

sequence,  they need  not  be  repeated .  I n  these  cases,  the  i n i ti a l  measuremen ts  are  om i tted  from  the  test .  
NOTE  2  I n  the  case  where  the  componen t under test  has  a l ready been  subj ected  to  a  certa i n  test  i n  another 
qua l i fi cati on  sequence  by an  accred i ted  test l ab ,  th i s  test  may be  om i tted  i f i t  d oes  not have  an  i n fl uence  on  the  
whole  testi ng  sequence.  

I n  carrying  ou t the  tests,  the  tester shal l  strictly observe  the  manufacturer's  hand l ing ,  
mounting  and  connection  i nstructions.  The  test report shal l  state  the  basis  for any test 
omission .   
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Table  1  – Summary of test  levels  

Test  Ti tl e  Test  cond i tions  
Secondary 
batteri es  

Other 
e lectron ic  
equ ipment 

1 1 . 1  Vi sual  i nspection  See  deta i l ed  i nspecti on  l i s t  i n  1 1 . 1 . 2  Yes  Yes  

1 1 . 2  Functi on i ng  test  Ambien t temperatu re:  25  °C;  40  ±  20  %  RH  Yes  Yes  

  Speci fi c  componen t  parameter   

1 1 . 4  I n su l ati on  test  500/1  000  V DC  +  twice  the  open -ci rcu i t  
vol tage  of the  system  or 1  m i n .  I n su l ati on  
res i stance  of not  l ess  than  50  MΩ  a t  500  V 
DC.  

No  Yes  

1 1 . 5  Ou tdoor exposu re  test   N o  Yes  

 -  ou tdoor,  u nprotected  60  kWh ⋅m–2  tota l  sol ar i rrad i ati on    

 -  ou tdoor,  protected  Not  requ i red    

 -  i n door,  uncond i ti oned  Not  requ i red    

 -  i n door,  cond i ti oned  Not  requ i red    

1 1 . 6  Protecti on  against  mechan i ca l  
impact ( I K)  

 Yes  Yes  

 -  ou tdoor,  u nprotected  I K05    

 -  ou tdoor,  protected  I K05    

 -  i n door,  uncond i ti oned  I K05    

 -  i n door,  cond i ti oned  I K05    

1 1 . 7  Protecti on  against  d ust,  water 
and  forei gn  bod i es  ( I P-code)  

 N ot  re l evan t  Yes  

 -  ou tdoor,  u nprotected  I P44    

 -  ou tdoor,  protected  I P44    

 -  i n door,  uncond i ti oned  I P20    

 -  i n door,  cond i ti oned  I P20    

1 1 . 8  Sh ippi ng  vi brati on  test  1 0  H z  to  1 1 , 8  Hz;  1 1 , 9  Hz  to  1 50  Hz  
Ampl i tude :  3 , 5  mm,  accelerati on :  2  g 
1  octave/m in ,  Du rati on  on  each  axi s :  2  h ;  
overal l :  6  h  

Yes  Yes  

1 1 . 9  Shock test  Yes  Yes  

  

1 5  g,  ha l f-s ine,  Du rati on :  1 1  ms;   
Sequence:  1  s  
N umber of shocks:  1 8  (6  ×  3 )    
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Table  1  (continued)  

Test  Ti tl e  Test  cond i tions  Secondary 
batteri es  

Other 
e lectron ic  
equ ipment 

1 1 . 1 0  UV test   N ot  re l evan t  Yes  

 -  ou tdoor,  u nprotected  As  i n  I EC  61 345    

 -  ou tdoor,  protected  Not  requ i red    

 -  i n door,  uncond i ti oned  Not  requ i red    

 -  i n door,  cond i ti oned  Not  requ i red    

1 1 . 1 1  Thermal  cycl i ng  test   Yes  Yes  

 -  ou tdoor unprotected  

-  ou tdoor,  protected  

50  and  200  cycl es  from  –20  °C  to  +85  °C  

50  and  200  cycles  from  −20  °C  to  +75  °C  

  

 -  i n door,  u ncond i ti oned  50  and  200  cycles  from   0  °C  to  +55  °C    

 -  i n door,  cond i ti oned  Not  requ i red    

1 1 . 1 2  H um id i ty freeze  test   N o  Yes  

 -  ou tdoor,  u nprotected  1 0  cycl es  from  +85  °C,  85  %  RH  to  −20  °C    

 -  ou tdoor,  protected  1 0  cycl es  from  +75  °C,  85  %  RH  to  −20  °C    

 -  i n door,  uncond i ti oned  1 0  cycles  from  +55  °C,  85  %  RH  to  0  °C    

 -  i n door,  cond i ti oned  Not  requ i red    

1 1 . 1 3  Damp  heat  test  No  Yes  

 -  ou tdoor,  u nprotected  1  000  h  a t  +85  °C,  85  %  RH    

 -  ou tdoor,  protected  1  000  h  a t  +75  °C,  85  %  RH    

 -  i n door,  uncond i ti oned  1  000  h  a t  +55  °C,  85  %  RH    

 -  i n door,  cond i ti oned  Not  requ i red    

1 1 . 1 4  Robustness  of term ina l s  test  As  i n  I EC  60068-2-21  Yes  Yes  

1 1 . 1 5  Damp  heat  cycl i c  test   N o  Yes  

 -  ou tdoor,  u nprotected  3  cycles  from  +75  °C,  95  %  RH  to  25  °C    

 -  ou tdoor,  protected  3  cycl es  from  +55  °C,  95  %  RH  to  25  °C    

 -  i n door,  uncond i ti oned  3  cycl es  from  +40  °C,  95  %  RH  to  25  °C    

 -  i n door,  cond i ti oned  Not  requ i red    
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3 pieces

Visual  inspection (VI ) - al l  pieces 

Functioning test (FT) - al l  pieces 

Specific performance tests - 1  piece 

Insulation test (IT)

1  piece  1  piece 1  piece

Outdoor exposure test UV test 

FT,  IT,  VI FT,  IT,  VI

Shipping vibration test Thermal  cycl ing 
test,  50 cycles 

FT,  IT,  VI FT,  IT,  VI

Damp heat 
test Handl ing shock test

Humidity freeze 
test 

FT,  IT,  VI  FT,  IT,  VI FT,  IT,  VI

Thermal  cycl ing test,  200 cycles
Robustness of 
terminals test  

FT,  IT,  VI FT,  IT,  VI
IK class IP class 

Basic 
environmental  
testing 

Repeat visual  inspection,  functioning,
insulation 

Damp heat,  cycl ic test - 1  piece Performance 
environmental  
testing 

IEC   511/05 

 

Figure  1  – Qual i fication  test  sequence   

7  Pass  cri teria  

7.1  General  pass  cri teria  

The  component design  shal l  be  j udged  to  have  passed  the  design  qual i fi cation  tests  i f each  
test sample  meets  a l l  the  fol lowing  cri teria:  

a)  the  component passes  i ts  speci fic performance  tests;  

b)  after the  final  test of each  test sequence,  the  component passes  the  function ing  test;  

c)  no  sample  has  exh ib i ted  any i rreversible  open-ci rcu i t  or g round  fau l t during  the  tests:  
a l l owed  are  such  si tuations  wh ich  are  i nduced  by the  component i tsel f for the  sake  of 
protecting  i tsel f or any other connected  device  or l oad  (and  can  hence  normal ly be  reset);  
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d)  there  i s  no  vi sual  evidence  of a  major defect,  as  defined  in  Clause  8 ;  

e)  the  component passes  the  i nsu lation  test.  

I f any component does  not meet these  test cri teria,  nor the  speci fic cri teria  for the  component,  
the  design  shal l  be  deemed  not to  have  met the  qual i fi cation  requ i rements,  and  another two  
components  meeting  the  requ i rements  of Clause  3  shal l  be  subjected  to  the  whole  of the  
relevant test sequence  from  the  beg inn ing .  I f one  or both  of these  a lso  fai l ,  the  design  shal l  be  
deemed  not to  have  met the  qua l i fi cation  requ i rements.  I f,  however,  both  components  pass  
the  test sequence,  the  design  shal l  be  j udged  to  have  met the  qual i fi cation  requ i rements.  

7.2  Specific  requ irements  for charge control lers  

7.2 .1  Switch ing  thresholds/operation  algori thm  

Many charge  control lers  use  the  battery vol tage  as  the  main  parameter for the  swi tch ing  
a lgori thm.  However,  some  charge  con trol lers  use  other parameters,  for example  state  of 
charge.  Annex A contains  some  recommended  swi tch ing  vol tages  for l ead -acid  batteries.  

The  manufacturer shal l  clearly speci fy to  the  test l ab  the  operating  algori thm  of the  charge  
control ler.  I f the  battery vol tage  i s  used  as  the  main  parameter for the  swi tch ing  a lgori thm,  the  
manufacturer shal l  speci fy these  thresholds.  

7.2.2  Output vol tage  of a  charge control ler after battery d isconnection  

The  charge  con trol ler shal l  protect the  l oad  from  the  open-ci rcu i t  vol tage  of the  PV-array,  i n  
case  the  battery has  been  d isconnected  from  the  system.  Th is  i s  an  importan t feature  of good  
charge  control lers,  s ince  many l oads  can  be  destroyed  when  they are  exposed  to  the  open-
ci rcu i t  vol tage  of the  PV-array.  

The  manufacturer shal l  supply a  defin i ti on  of the  ou tpu t behaviour i n  the  case  of no  battery 
connection .  

7.2.3  User feedback 

The  charge  con trol ler shal l  provide  at l east:  

– an  i nd ication  of charg ing  state;   

– an  i nd ication  of l oad-d isconnect state;   

– an  i nd ication  of the  state-of-charge  of the  connected  battery.  

Certain  specia l  purpose  charge  con trol lers,  for example  ded icated  control lers  for i ndustry 
appl ications  do  not have  a  user feedback.  The  manufacturer shal l  state  th is .  

7.3  Specific  requ irements  for secondary batteries   

Lead-acid  and  n ickel -cadmium  batteries  can  on ly be  qual i fied  accord ing  to  th is  standard  for 
the  cond i tions  ‘ i ndoor cond i tioned ’  and  ‘ i ndoor uncond i tioned ’ .  Th is  impl ies  that many tests  
are  not re levant.  Table  1  contains  an  overview of the  tests  that apply to  the  design  
qual i fi cation  for secondary batteries.  
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7.3.1  Charge  retention  of secondary batteries  at  h igh  temperatures  

7.3.1 . 1  Purpose  

The  purpose  of th is  test i s  to  determine  the  charge  reten tion  of batteries  during  storage  at 
h igher temperatures.  

7.3.1 .2  Procedure  

– Cond i tion  the  battery 

– Do  an  i n i tia l  capaci ty test,  determine  C1 0,  before  

– Keep  the  battery at 40  °C for 30  days  

– Do  a  new capaci ty test,  determine  C1 0 ,  a fter  

– Calcu late  the  l oss  i n  charge:  Cl oss  =  C1 0,  after  –  C1 0 ,  before  

7.3.1 .3  Requirements  

The  loss  i n  charge  shal l  not be  more  than  1 5  %  for l ead-acid  batteries  and  not more  than  
30  %  for n ickel -cadmium  batteries.  

7.3.2  Cycl ing  abi l i ty 

7.3.2 .1  Purpose  

The  purpose  of th is  test i s  to  determine  the  capabi l i ty of the  battery to  wi thstand  the  typical  
cycl i ng  cond i tions  occurring  in  PV systems.  

7.3.2 .2  Procedure  

Accord ing  to  I EC  61 427.  

7.3.2.3  Requirements  

The  test method  described  i n  I EC  61 427  shal l  be  performed  once.  The  l oss  compared  to  the  
rated  capaci ty (C1 0)  shal l  be  l ess  than  20  %.  

7.3.3  Ah-cycl ing  efficiency of secondary batteries  

7 .3.3. 1  Purpose 

The  purpose  of th is  test i s  to  determine  the  Ah-cycl ing  efficiency of secondary batteries  at l ow 
state  of charge.   

The  efficiency of a  battery at l ow state  of charge  shal l  be  su fficien t to  enable  al l  energy 
provided  by the  PV modu les  to  be  converted  in to  usable  energy stored  i n  the  battery.  
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7.3.3.2  Procedure  

The  Ah-cycl ing  efficiency can  be  expressed  as:  

(Ah)capacity  Recharge

(Ah)capacity  Discharge
)efficiency (Ah efficiency cycl ing - Ah =  

The  test shal l  be  carried  ou t at 20  °C ±  3  °C.  

The  test procedure  i s  as  fol lows:  

I n i tia l  cycle  :  

– charge  at  0 , 1  C1 0  u n ti l  1 00  %  of SOC (state  of charge),  

– d i scharge  at 0 , 1  C1 0  (=  i n i tia l  capaci ty),  un ti l  1 , 8  V per cel l  (=  1 00  %  of SOC)  

Cycl i ng :  

– charge  at  0 , 1  C1 0  u n ti l  50  %  of the  i n i ti a l  C1 0  capaci ty value,  

– d i scharge  at 0 , 1  C1 0  ( i n i ti a l  capaci ty)  un ti l  1 , 8  V per cel l .  

Th is  cycle  i s  performed  four times.  

The  efficiency test procedure  i s  presented  i n  F igure  2 .   

 
Potential    V 

SOC   % 

1 00 % 

1 ,8 Vpc 

Initial  charge Discharge 
0,1  C1 0  

1 0  h 

Rest 

2 h  

Charge 
0,1  C1 0  

(rated) 

5 h  5 h  

1  cycle 

50 %  

Rest 

2  h  

Rest 

2 h  

Discharge
0,1  C1 0  

(rated) 

5 h  

4 cycles 

Charge 
0,1  C1 0  
(rated) 

IEC   512/05 

Figure  2  – Cycl ing  condi tions  of the  efficiency test procedure  

To calcu late  the  Ah-cycl ing  efficiency value  the  values  of the  4 thcycle  and  the  5 th  cycle  are  
averaged .   

(Th is  range  has  been  selected  because  the  correspond ing  efficiency values  are  mostly 
stable. )  
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7.3.3.3  Requ irements  

For flat-plate  l ead-acid  batteries,  the  Ah-cycl ing  efficiency (at 20  °C)  shal l  be  at  l east 94  %.  

For tubu lar p late  l ead-acid  batteries,  the  Ah-cycl ing  efficiency (at 20  °C)  shal l  be  at l east 
92  %.  

For n ickel -cadmium  batteries,  the  Ah-cycl ing  efficiency (at 20  °C) shal l  be  at  l east 90  %.  

8  Major visual  defects  

For the  purposes  of design  qual i fi cation ,  the  fol lowing  are  considered  to  be  major visual  
defects:  

a)  broken ,  cracked ,  ben t,  m isal i gned  or torn  external  surfaces;  

b)  corrosion  of any part of the  component,  i nside  or ou tside;  

c)  dust,  water or fungus  in trusion  i n to  the  e l ectrical l y acti ve  i n terior of the  component;  

d )  l oss  of mechan ical  i n tegri ty,  to  the  exten t that the  i nstal lation  and /or operation  of the  
component wou ld  be  impai red .  

9  Report 

Fol lowing  design  qual i fication ,  a  report of the  qual i fi cation  tests,  wi th  measured  performance 
characteristics  and  detai l s  of any fai l u res,  re-tests  or omissions  shal l  be  prepared  by the  test 
l aboratory.  The  report shal l  meet the  requ i rements  l a i d  down  i n  I SO/IEC 1 7025.  A copy of th is  
report shal l  be  kept by the  manufacturer for reference  purposes.  

1 0  Modi fications  

Any change  i n  the  design ,  materials ,  components  or processing  of the  component may requ i re  
a  repeti tion  of some  or a l l  of the  qual i fication  tests.  

1 1  Test procedures  

1 1 .1  Visual  inspection  

1 1 . 1 . 1  Purpose 

The  purpose  of th is  test i s  to  detect  any visual  defects  i n  the  component.  

1 1 . 1 .2  Procedure  

Carefu l l y i nspect each  component for the  fol lowing  cond i tions:  

– broken ,  cracked ,  ben t,  m isal i gned  or torn  external  surfaces;  

– fau l ty i n terconnections  or j o in ts;  

– vi s ible  corrosion  of any part of the  active  ci rcu i t;  
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– visible  corrosion  of ou tpu t connections,  i n terconnections  and  bus  bars;  

– vi sible  corrosion  of the  enclosure  surface;  

– cracked  or damaged  wi re  or cable;  

– fau l ty terminals,  exposed  energ ised  electrical  parts;  

– any other cond i tions  wh ich  may affect function ing ,  performance  or safety.   

Make  note  of and /or photograph  the  nature  and  posi tion  of any defects  wh ich  may worsen  and  
adversely affect the  component function ing  i n  subsequent tests.  

1 1 . 1 .3  Requ irements  

Visual  cond i tions  other than  the  major visual  defects  l i sted  i n  Clause  8  are  acceptable  for the  
purpose  of design  qual i fi cation .  

1 1 .2  Function ing  tests  

1 1 .2 . 1  Function ing  test  procedure  – charge  control lers  for lead-acid  batteries  

1 1 .2 .1 . 1  Overview 

Th is  procedure  comprises  charge  control lers  for l ead-acid  accumu lators  wi th  l i qu id  e lectrolyte  
(ven ted  and  valve  regu lated).  

The  tests  described  i n  th is  procedure  are  val id  for charge  con trol l ers,  wh ich  use  the  
accumu lator terminal  vol tage  as  a  cri terion  for operation  as  wel l  as  modern  con trol  procedures  
(e. g .  state  of charge  a lgori thms).  I n  the  case  where  a l l  or some  of these  tests  are  not relevant 
for a  speci fic type  of charge  con trol l er,  the  manufacturer shal l  state  th is .  

The  fol lowing  symbols  are  used  in  th is  document:  

Ichmax:  maximum  charge  curren t permissible   

Ilmax:   maximum  load  curren t permissible  

UNominal :  nominal  vol tage  of the  charge  con trol l er 

Ubat:  battery vol tage  

Umax:  maximum  system  vol tage  ≥  h i ghest battery vol tage  permi tted  by charge  
con trol ler ( for example,  gassing  vol tage)  

Umin :  m in imum  system  vol tage  ≥  Ul cd  

Uhcd :  vol tage  at h igh  charge  d isconnect 

Uhcr:  vol tage  at h igh  charge  reconnect 

Ul cd :  vol tage  at  l ow charge  d isconnect 

Ul cr:  vol tage  at l ow charge  reconnect 

Uoc:  open-ci rcu i t  vol tage  of the  photovol taic solar modu le(s)  

1 1 .2.1 .2  Determination  of thresholds  

1 1 .2. 1 .2 . 1  Purpose 

The  purpose  of th is  test i s  to  determine  a l l  swi tch ing  thresholds  of the  charge  control ler.  
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1 1 .2. 1 .2 .2  Apparatus  

A resistor (Rx)  wi th  a  magn i tude  Umin /(Ichmax  ×  1 , 1 )  and  an  a l lowed  power consumption  of at 
l east Umax  ×  Ichmax  ×  1 , 1 .  Th is  resistor i s  i n tended  to  keep  the  curren t from  being  fed  i n to  the  
power supply.  I n  the  worst case  (maximum  modu le  cu rrent when  l oad  i s  swi tched  off) ,  the  
power supply wi l l  sti l l  supply a  current of 0 , 1  ×  Ichmax.  I f a  four-quadran t power supply i s  
u ti l i sed ,  th is  resistor i s  not necessary.  

A curren t/vol tage  source  that can  supply at l east Ichmax  a t  open-ci rcu i t  vol tage  (Uoc)  of the  
PV-generator connected  (power supply 1 ) .  Curren t and  vol tage  shal l  be  capable  of being  set 
separately from  each  other and  have  l im i tations.  

Another curren t/vol tage  source  wh ich  can  supply at l east a  current wi th  a  magn i tude  
(Umax/Rx)  +  Ilmax  a t  maximum  system  vol tage  (power supply 2).  Curren t and  vol tage  shal l  be  
capable  of being  set separately from  each  other and  have  l im i tations.  I f a  four-quadrant power 
supply i s  u ti l i sed ,  a  maximum  possib le  curren t of Ilmax  i s  su fficien t at maximum  system  
vol tage.  I n  th is  case,  the  resistor described  above  (Rx)  i s  no  longer necessary.  

A variable  resistor (RL)  wi th  a  power consumption  of at l east Umax  ×  Ilmax  or a  correspond ing  
e lectron ic l oad .  

An  osci l l oscope  for visual i sing  the  pu lse  wid th  modu lation  when  end-of-charge  vol tages  are  
reached .   

Various  ammeters  and  vol tmeters.  

1 1 .2 .1 .2 .3  Procedure  

The  system  components  shal l  be  i nspected  for vis ible  damage.   

Any pecu l iari ties  observed  shal l  be  conscien tiously documented ,  i f necessary by means  of 
photography.  

The  charge  control ler i s  mounted  accord ing  to  the  manufacturer's  i nstructions  and  hooked  up  
as  shown  in  F igure  3 .  I f there  are  any vol tage  sensor l i nes  on  the  charge  con trol ler,  they shal l  
be  connected  to  power supply 2 .  Between  power supply 1  and  the  charge  control ler a  
m in imum  of 1 0  m  of the  prescribed  cable  shal l  be  i nsta l led  to  s imu late  a  real  system.  Between  
power supply 2  and  the  charge  con trol ler a  m in imum  of 2  m  of the  prescribed  cable  shal l  be  
i nstal led .  
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Figure  3  – Diagram  of the  test  set-up  without measuring  equ ipment 

NOTE  1  Depend ing  on  the  charge  con trol l er under test,  a  capaci tor of a t  l east  50  µF  must  be  connected  paral l e l  
to  the  ou tpu t  term ina ls  of the  power suppl y 2 .  

NOTE  2  I t  i s  s trong ly advi sed  to  d i scuss  the  actual  test  se t-up  wi th  the  manu factu rer.  Th i s  test  set-up  i s  su i tabl e  
for many charge  con trol l ers  on  the  market.  However,  depend ing  on  certai n  factors,  i ncl ud i ng  power suppl y type,  
certa i n  charge  con trol l ers  wi l l  need  a  mod i fi ed  set-up  or speci fi c  preparati on .   

The  fol lowing  examinations  are  performed  at an  ambient temperature  of approximately 20  °C,  
as  long  as  noth ing  e lse  i s  i nd icated  for the  appropriate  tests.  

1 1 .2 .1 .2.3.1  Determination  of the  end-of-charge  vol tages  

1 )  Set a  system  vol tage  of 1 , 1  ×  UNominal  a t  power supply 2 .  

2)  Set RL  so  that a  l oad  curren t of 0 , 5  ×  Ilmax  i s  set.   

3)  Set a  modu le  curren t of Ichmax  a t  power supply 1  (charg ing  cond i tions).  Set the  vol tage  
l im i tation  to  the  open-ci rcu i t  vol tage  of the  PV generator to  be  connected .  

NOTE  I n  the  case  of a  shun t  con trol l er,  be  carefu l  n ot  to  damage  the  power suppl y or the  charge  con trol l er 
d ue  to  excessive  cu rren t.  

4)  I ncrease  the  vol tage  at power supply 2  i n  steps  of 0 , 2  V.  Wai t approximately 30  s  between  
the  separate  steps  and  observe  the  system.  

5)  Repeat step  4  un ti l  the  fol lowing  becomes  the  case,  depend ing  on  the  type  of control ler:  

 Serial  control ler  

wi th  two-poin t con trol :  open-ci rcu i t  at  power supply 1 ,  vol tage  l im i tation  active  

wi th  PWM:  start of vol tage  pu lses  (change  between  system  vol tage  and  
vol tage  l im i tation  at  power supply 1 )  at  PV i npu t of charge  
control ler (osci l l oscope).  
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Paral le l  control ler  

wi th  two-poin t control :  short ci rcu i t  at  power supply 1 ,  curren t l im i tation  active   

wi th  PWM:  start of vol tage  pu lses  (change  between  system  vol tage  and   
0  V)  at  PV i npu t of charge  control ler (osci l l oscope).  

6)  Note  down  vol tage  setting  at power supply 2 .  

7)  I f control l er has  PWM:  repeat step  4,  bu t i n  steps  of 50  mV,  un ti l  the  vol tage  at  PV inpu t 
stays  constan t at zero  (shun t control ler)  or i s  l im i ted  by the  power supply (serial  
control ler) .  Note  down  vol tage  setting  at power supply 2 .  

1 1 .2. 1 .2 .3.2  Determin ing  the  charge  equal ising  vol tage  ( i f present)  

8)  Set a  modu le  current of 0 , 2  ×  Ichmax  a t  power supply 1  (d ischarge  cond i tions).  

9)  Reduce  the  vol tage  at power supply 2  i n  steps  of 0 , 2  V.  Wai t  approximately 30  s  
between  steps  and  observe  the  system.   

NOTE  Th i s  dwel l  time  may be  too  short  for certa i n  types  of charge  con trol l ers .  P l ease  refer to  the  
manu factu rers  i n d i cati on .  

1 0)  Repeat step  9  un ti l  the  vol tage  i s  below that i nd icated  by the  manufacturer as  being  
necessary to  activate  the  gassing  function .  

1 1 )  Repeat steps  3  to  7 .  I f there  are  several  gassing  vol tages  wi th  the  appropriate  triggering  
l evels,  repeat steps  3  to  1 1  accord ing ly.  

1 1 .2 . 1 .2 .3.3  Determination  of low charge d isconnect and  reconnect vol tages  

1 2)  Repeat step  8 .  Repeat step  9  un ti l  l oad  rejection  a larm  of con trol ler ( i f present)  i s  
triggered .  Note  down  vol tage  setting .  

1 3)  Repeat step  9  un ti l  l oad  rejection .  Note  down  vol tage  setting .  

1 4)  Repeat step  3 .  Repeat step  4  un ti l  l oad  reconnection .  Note  down  vol tage  setting .  

1 5)  Set vol tage  at power supply 2  to  1 , 1  ×  UNominal .   

1 6)  Repeat steps  1 2  to  1 5  wi th  set l oad  curren ts  of 0  %,  25  %,  75  %  and  1 00  %  of Ilmax.  

NOTE  Th i s  test  can  g i ve  erroneous  resu l ts  i n  the  case  of certa i n  advanced  con trol l ers,  u s i ng  cu rren t d ependent  
th reshol ds  or th reshol ds  depend i ng  on  SOC.  

1 1 .2 . 1 .3  Requ irements  

The  swi tch ing  thresholds  shal l  be  constant ( i . e .  wi th in  2  %)  before  and  after each  test.  

1 1 .2 .2  Function ing  test procedure  – batteries   

1 1 .2 .2 . 1  Procedure  

– Cond i tion  the  battery by performing  an  i n i tia l  charg ing  procedure  as  per the  manufacturers  
i nstruction .  Th is  wi l l  usual l y be  at I1 0  .  

– Determine  the  C1 0  battery capaci ty by d ischarg ing  at  I1 0 .  

– To  conserve  the  battery,  recharge  the  battery at  I1 0  unti l  1 , 2  times  the  rated  C1 0  capaci ty 
has  been  charged  i n to  the  battery.  
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1 1 .2 .2 .2  Requ irements  

The  i n i tia l  measured  capaci ty shal l  be  at l east 95  %  of the  nominal  capaci ty.  

The  l oss  of charge  before  and  after each  envi ronmental  test shal l  be  l ess  than  20  % ,  referring  
to  the  i n i tia l  measured  capaci ty.  

1 1 .2 .3  Function ing  test procedure  – inverters   

1 1 .2 .3. 1  Procedure  

Operate  the  i nverter under nominal  array configuration  and  nominal  ou tpu t cond i tions.  After 
30  m in  of operation  at rated  ou tpu t power,  measure  the  power efficiency accord ing  to  
I EC  61 683,  power factor and  maximum  power poin t tracking  (MPPT)  efficiency for the  power 
l evels:  1 0  %,  25  %,  50  %,  75  %,  1 00  %  and  1 20  %  of the  rated  ou tpu t power speci fied  by the  
manufacturer.  I f the  i nverter cannot operate  at  1 20  %  of the  rated  ou tpu t power,  the  maximum  
power l evel  possible  shal l  be  used .   

NOTE  Standalone  i nverters  do  not  i ncorporate  MPPT.  

1 1 .2 .3.2  Requ irements  

The  overal l  behaviour of power efficiency,  power factor and  MPPT efficiency shal l  not d i ffer 
from  the  i n i tia l  behaviour at start  of the  design  qual i fication .   

1 1 .3  Specific  performance tests  for components  

The  purpose  of these  tests  i s  to  determine  other re levant component speci fic features  
relevant for the  performance  of the  component.  

General ly,  (un less  stated  otherwise)  these  tests  on ly need  to  be  carried  ou t once,  whereby 
the  general  function ing  test described  i n  1 1 . 2  wi l l  be  repeated  after every envi ronmental  test.  

1 1 .3.1  Specific  performance  test  procedures  –charge control lers  for lead-acid  
batteries  

1 1 .3.1 . 1  Temperature  compensation  for thresholds  

1 1 .3.1 . 1 . 1  Purpose  

The  purpose  of th is  test i s  to  

−   determine  any unwanted  sh i fts  of the  vol tage  thresholds  due  to  temperature  variations,  

−   to  veri fy temperature  compensation  caused  by the  battery temperature.  

1 1 .3. 1 . 1 .2  Apparatus  

See  1 1 . 2 . 1 . 2 . 2 .  

Add i tional ly,  a  cl imatic chamber capable  of main tain ing  temperature  l evels  from  –1 0  °C  up  to  
55  °C.  

Every cl imatic test chamber,  wh ich  i s  capable  of fu l fi l l i ng  the  speci fications  of I EC  60068-3-6  
wi l l  be  su i table.   
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1 1 .3. 1 . 1 .3  Requirements  

The  thresholds  for the  l oad  d isconnect shal l  be  stable  across  the  en ti re  range  of 
temperatures.   

I n  con trast to  the  thresholds  of the  l oad  d isconnection ,  those  of the  overcharge  protection  and  
gassing  functions  requ i re  a  temperature  compensation  i n  order to  adapt the  charg ing  
behaviour of the  battery to  the  surround ing  temperature.   

The  thresholds  of the  deep-d ischarge  protection  shal l  remain  stable  wi th in  ±20  mV/cel l  and  
the  thresholds  of the  overload  protection  shal l  exh ibi t  a  temperature  coefficien t of  
–3  mV/K/cel l  to  –5  mV/K/cel l .  

1 1 .3.1 . 1 .4 Procedure   

The  vol tage  thresholds  are  ascertained  under the  fol lowing  temperatures  i n  l i ne  wi th  1 1 . 2 . 1 . 2 .  

Test temperatures:  25  °C,  −1 0  °C,  25  °C,  40  °C,  55  °C,  25  °C   

The  charge  control ler and  temperature-sensor shal l  be  kept at  each  temperature  for at l east 
1 5  m in .  

I f the  charge  con trol ler has  an  external  temperature  sensor,  on ly th is  sensor i s  exposed  to  the  
above  temperatures,  wh i le  the  charge  con trol ler i tsel f runs  under ambien t cond i tions.  I f the  
charge  con trol ler has  no  external  temperature  sensor,  the  en ti re  charge  control ler i s  exposed  
to  the  above  testing  temperatures.  

1 1 .3.1 .2  Voltage  drop test 

1 1 .3.1 .2 .1  Purpose  

The  purpose  of th is  test i s  to  determine  the  vol tage  d rop  between  the  i npu t terminals  of the  
charge  control ler.  

1 1 .3. 1 .2 .2  Requ irements  

The  vol tage  d rop  at  the  terminals  of the  charge  con trol ler between  battery-  and  l oad-terminals  
(d ischarg ing)  and  between  PV-generator-  and  battery-terminals  (charg ing)  may each  on ly 
amount to  a  maximum  of 0 , 5  V (1 2  V systems)  or 1  V (24  V systems)  at  maximum  load  or 
maximum  charg ing  current.   

The  vol tage  drop  on  the  battery- l i nes  can  lead  to  fa lse  con trol -values.  Hence,  the  charge  
con trol ler shal l  be  equ ipped  wi th  (at l east)  one  of the  fol lowing  precau tions:  

− battery-sense-l i nes;  

− electron ic determination  and  compensation  of the  vol tage  d rop;  

− mounting  recommendations  of the  manufacturer (wi re  cross-section ,  wi re  l eng th) .  

1 1 .3.1 .2 .3  Procedure  

Measure  the  vol tage  d rop  at maximum  load  or maximum  charg ing  current at  the  terminals  of 
the  charge  con trol ler between  battery-  and  l oad-terminals  (d ischarg ing)  and  between  PV-
generator-  and  battery-terminals  (charg ing).  
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1 1 .3. 1 .3  Reverse-polari ty protection  test  

1 1 .3.1 .3. 1  Purpose  

To determine  whether the  charge  con trol ler functions  safely when  curren t sources  wi th  
i ncorrect polari ty are  connected .  

1 1 .3.1 .3.2  Procedure  

A source  of vol tage  wi th  reverse  polari ty i s  connected  to  the  modu le  i npu t terminals  and  the  
vol tage  i ncreased  s lowly from  0  V to  the  maximum  permissible  open-ci rcu i t  vol tage  of the  
solar generator.  During  th is  test,  a  vol tage  source  wi th  correct polari ty i s  connected  to  the  
battery terminals  of the  charge  control ler.  

Then ,  a  battery wi th  a  capaci ty for wh ich  the  con trol ler i s  rated  i s  connected  to  the  battery 
i npu t terminals  wi th  reverse  polari ty.  During  th is  test,  a  vol tage  source  wi th  correct polari ty i s  
connected  to  the  modu le  i npu t terminals  of the  charge  con trol ler.  

Lastl y,  a  source  of vol tage  wi th  reverse  polari ty i s  connected  to  the  modu le  i npu t terminals  
and  the  vol tage  s lowly i ncreased  from  0  V to  the  maximum  permissible  open-ci rcu i t  vol tage  of 
the  solar generator.  During  th is  test,  a  battery wi th  a  capaci ty the  control l er i s  rated  for wi th  
reverse  polari ty i s  connected  to  the  battery terminals  of the  charge  con trol ler.  

1 1 .3.1 .4  Overload  protection  test 

1 1 .3.1 .4. 1  Purpose  

To determine  whether the  overload  protection  of the  charge  con trol ler functions  properly.  

1 1 .3. 1 .4.2  Requirements  

The  overload  protection  shal l  be  able  to  wi thstand  at  l east 1 25  %  of the  maximum  load  for 
wh ich  the  charge  con trol ler i s  designed .  Overload  protection  can  be  real i sed  wi th  a  normal  
fuse  or wi th  an  e lectron ic protection  ci rcu i t.  

1 1 .3.1 .4.3  Procedure  

At nominal  vol tage,  the  l oad  of the  curren t i s  i ncreased  step  by step  to  1 25  %  or un ti l  the  
protections  i s  activated .  I f the  charge  control ler has  a  separate  rad io  ou tlet,  then  th is  shal l  
a l so  be  checked  for protection  from  overload .  

1 1 .4 Insu lation  test 

1 1 .4. 1  Purpose 

To determine  whether or not the  component i s  su fficien tly wel l - insu lated  between  curren t-  
carrying  parts  and  the  enclosure.   

Th is  test i s  not requ i red  for batteries.  Please  consider that certain  components  may con tain  
sensi tive  protective  equ ipment that wi l l  be  destroyed  when  subjected  to  these  tests.  Refer to  
the  manufacturer i n  case  of doubt.  

1 1 .4.2  Test conditions  

The  test shal l  be  made  on  components  at ambient temperature  of the  su rround ing  atmosphere  
(see  I EC  60068-1 )  and  in  a  re lative  humid i ty not exceed ing  75  %.  
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1 1 .4.3  Procedure  

The  procedure  i s  as  fol lows.  

a)  Connect the  shorted  ou tpu t terminals  of the  component to  the  posi tive  terminal  of a  DC 
i nsu lation  tester wi th  a  current l im i tation  (do  not  run  th i s  test on  batteries).  Set the  current 
l im i t  to  50  µA.  

b)  Connect the  exposed  metal  parts  of the  component to  the  negative  terminal  of the  tester.  
I f the  component has  no  conductive  enclosure,  or i f the  enclosure  i s  a  poor e lectrical  
conductor,  mount the  component on  a  metal l i c  s imu lated  support structure,  wh ich  i s  to  be  
connected  to  the  negative  terminal  of the  tester.  

c)  I ncrease  the  vol tage  appl ied  by the  tester at a  rate  not exceed ing  500  V ⋅s–1  to  a  maximum  
equal  to  1  000  V plus  twice  the  maximum  system  vol tage.  Main tain  the  vol tage  at th is  
l evel  for 1  m in .  I f the  maximum  system  vol tage  does  not exceed  50  V,  the  appl ied  vol tage  
shal l  be  500  V.  

d )  Reduce  the  appl ied  vol tage  to  zero  and  short-ci rcu i t  the  terminals  of the  tester for 5  m in ,  
wh i le  sti l l  connected  to  the  component.  

e)  Remove  the  short ci rcu i t.  

f)  Apply a  DC vol tage  of not l ess  than  500  V to  the  component,  wi th  the  tester connected  as  
i n  steps  a)  and  b) .  Determine  the  i nsu lation  resistance.  

1 1 .4.4 Test requ irements  

The  requ i rements  are  as  fol lows.  

– No  d ielectric breakdown  ( less  than  50  µA)  or surface  cracking  during  step  c)  shal l  occur.  

– The  insu lation  resistance  shal l  be  not l ess  than  50  MΩ .  

1 1 .5  Outdoor exposure  test 

1 1 .5. 1  Purpose  

To make  a  prel im inary assessment of the  abi l i ty of the  component to  wi thstand  exposure  to  
ou tdoor cond i tions  and  to  reveal  any synerg istic degradation  effects  wh ich  may not be  
detected  by l aboratory tests.  

NOTE  Cau ti on  shou l d  be  taken  i n  making  absol u te  j u dgemen ts  abou t  componen t  l i fe  on  the  basi s  of pass ing  th i s  
test  because  of the  shortness  of the  test  and  the  envi ronmen tal  vari abi l i ty  of the  test  cond i ti ons.  Th i s  test  shou l d  
on l y be  used  as  a  g u i de  or i nd i cator of possi b l e  prob lems.  

1 1 .5.2  Apparatus  

The  apparatus  i s  as  fol lows.  

– A solar i rrad iation  mon i tor,  accurate  to  ±1 0  %.  

– Means  to  mount the  component,  as  recommended  by the  manufacturer,  co-planar wi th  the  
i rrad iation  mon i tor.  
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1 1 .5.3  Procedure  

The  procedure  i s  as  fol lows.  

a)  Open-ci rcu i t  the  component and  mount i t  ou tdoors,  as  recommended  by the  manufacturer,  
co-planar wi th  the  i rrad iation  mon i tor.  Any protective  devices  recommended  by the  
manufacturer shal l  be  i nsta l led  before  the  component i s  tested .  

b)  Subject the  component to  an  i rrad iation  total l ing  60  kWh ⋅m–2,  as  measured  by the  mon i tor,  
under cond i tions  conforming  to  general  open-ai r cl imates  defined  i n  I EC  60721 -2-1 .  

1 1 .5.4 F inal  measurements  

Repeat the  tests  of 1 1 . 1  and  1 1 . 2 .  

1 1 .5.5  Requirements  

The  requ i rements  are  as  fol lows.  

– No  evidence  of major visual  defects,  as  defined  i n  Clause  8.  

– The  function ing  requ i rements  of 1 1 . 2  shal l  be  met.  

1 1 .6  Protection  against mechanical  impacts  ( IK-code)  

1 1 .6.1  Purpose  

The  degree  of protection  ( IK-code)  defines  the  extent to  wh ich  an  enclosure  provides  
protection  against external  mechan ical  impact.  

1 1 .6.2  Requirements  

The  tests  are  conducted  i n  conformance  wi th  I EC  62262  using  the  pendu lum  hammer 
described  i n  standard  I EC  60068-2-75  ( test Eha).  The  equ ipment i s  precond i tioned  for 1  h  at  
–1 0  °C in  a  chamber;  the  test i s  performed  wi th in  1  m in  of i ts  removal  i n  normal  l aboratory 
atmospheric cond i tions.  The  methods  of th is  test are  described  in  Annex D  of I EC  62262.  The  
equ ipment i s  set up  accord ing  to  preparation  method  1 .  

The  requ i red  IK class  for a l l  service  envi ronments  i s  IK05.  

The  enclosure  shal l  show no  cracks  or d i stortions,  wh ich  cou ld  be  detrimental  to  i ts  operation .  

1 1 .7  Protection  against dust,  water and  foreign  bodies  ( IP-code)  

1 1 .7.1  Purpose  

The  degree  of protection  ( I P-code)  defines  the  extent to  wh ich  a  case  provides  protection  
against access  to  dangerous  parts,  the  penetration  of sol id  foreign  bod ies  and /or the  en try of 
water and  dust,  as  proved  by standard  testing  methods.  

1 1 .7.2  Requirements  

The  requ i red  I P-code  depends  on  the  cond i tions  under wh ich  the  component i s  u ti l i sed .  I f i t  i s  
operated  i n  sol i d ly bu i l t  i ndoor spaces,  I P20  in  conformance  wi th  I EC  60529  i s  adequate,  
otherwise  I P44  i s  requ i red .   
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The  tests  are  conducted  i n  conformance  wi th  I EC 60529.  

I n  the  case  where  enclosures  are  used ,  wh ich  have  a l ready a  certi fied  I P-rating  meeting  the  
requ i rements  of th is  clause,  th is  test does  not need  to  be  done  again .  

 
Envi ronment M in imum  IP-class  

Outdoor,  unprotected  I P44  

Ou tdoor,  protected  I P44  

I n door,  u ncond i ti oned  I P20  

I n door,  cond i ti oned  I P20  

 

1 1 .8  Sh ipping  vibration  test 

1 1 .8. 1  Purpose 

The  purpose  of th is  test i s  to  i den ti fy mechan ical  weak poin ts  and /or to  ascertain  any 
deterioration  of the  speci fied  parameters.  Accord ing  to  I EC  60068-2-6,  i t  shal l  be  conducted  
on  structural  e lements  or devices,  wh ich  are  exposed  to  harmon ic vibrations  during  sh ipment,  
such  as  occur on  sh ips,  i n  a i rcraft and  l and  veh icles.  

1 1 .8.2  Requ irements  

Degree  of stringency:  

Frequency range:  1 0  Hz to  1 1 , 8  Hz;  1 1 , 9  Hz to  1 50  Hz 
Constant ampl i tude:  3 , 5  mm  
Constan t acceleration :  2  g  
Cycl i ng :  1  octave/min  
Duration  on  each  axis:  2  h  
Total  test duration :  6  h  

1 1 .8.3  Apparatus  

See  I EC  60068-2-6.  

1 1 .8.4 Procedure  

See  I EC  60068-2-6.  

The  specimens  are  nei ther packaged  nor energ ised  du ring  the  test.  

1 1 .9  Shock test 

1 1 .9. 1  Purpose 

I n  con junction  wi th  the  previous  test,  the  purpose  of th is  test i s  to  d iscover mechan ical  weak 
poin ts  and /or to  determine  whether the  speci fied  parameters  are  main tained  or deteriorate.  
The  tests  are  conducted  i n  conformance  wi th  I EC 60068-2-27.  
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1 1 .9.2  Requ irements  

Degree  of stringency:  

Ampl i tude  of acceleration :  1 5  g  
Type  of shock:  hal f-sine  
Duration  of shock:  1 1  ms  
Sequence  of shocks:  1  s  
Number of shocks:  1 8  (6  ×  3 )  

1 1 .9.3  Apparatus  

See  I EC 60068-2-27.  

1 1 .9.4 Procedure  

See  I EC 60068-2-27.  

The  specimens  are  not packaged  or l i ve  du ring  the  test.  

1 1 . 1 0  UV test 

1 1 . 1 0. 1  Purpose 

The  purpose  of th is  test i s  to  determine  the  abi l i ty of the  component to  wi thstand  exposure  to  
u l tra-violet (UV)  rad iation .  

1 1 .1 0.2  Apparatus  

The  apparatus  consists  of the  i tems  l i sted  below.  

a)  A temperature  con trol led  test chamber or other arrangement wi th  a  window or fi xtures  for 
a  UV l i gh t source  and  the  component under test.  The  chamber shal l  be  capable  of 
main tain ing  the  component temperature  at  60  °C ±  5  °C and  a  d ry cond i tion .  

b)  A UV l igh t source  capable  of producing  UV rad iation  wi th  an  i rrad iance  un i formi ty of 
±1 5  %  over the  test p lane  of the  component and  capable  of provid ing  the  necessary total  
i rrad iance  i n  the  d i fferent spectral  reg ions  of i n terest as  defined  i n  i tem  c)  of 1 1 . 1 0 . 3.  The  
fi nal  test report shal l  i nd icate  wh ich  UV l i gh t source  i s  used .  

c)  Means  for measuring  and  record ing  the  temperature  of the  component to  an  accuracy of  
±2  °C.  The  temperature  sensors  shal l  be  attached  to  the  fron t or back surface  of the  
component near the  m idd le.  I f more  than  one  component i s  tested  s imu l taneously,  i t  wi l l  
su ffice  to  mon i tor the  temperature  of one  representative  sample.  

d )  A cal ibrated  rad iometer capable  of measuring  the  i rrad iance  of the  UV l i gh t produced  by 
the  UV l i gh t source  at the  test p lane  of the  component(s).  

See  IEC 61 345  for suggested  UV l i gh t sources.  

1 1 . 1 0.3  Procedure  

The  test shal l  be  carried  ou t accord ing  to  the  procedure  ou tl i ned  below.  

a)  Use  the  cal ibrated  rad iometer to  measure  the  i rrad iance  at  the  proposed  component test 
p lane  and  ensure  that,  at wavelengths  between  280  nm  and  400  nm,  the  test spectral  
i rrad iance  i s  never more  than  5  times  the  correspond ing  standard  spectral  i rrad iance  
speci fied  i n  the  standard  AM  1 , 5  solar i rrad iance  d istribu tion  g iven  by Table  1  of 
I EC  60904-3,  that there  i s  no  appreciable  i rrad iance  at  wavelengths  below 280  nm  and  
that i t  has  a  un i formi ty of ±1 5  %  over the  test p lane.  
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b)  Mount the  component i n  the  test p lane  at the  l ocation  selected  i n  a)  wi th  the  most cri ti cal  
s ide  (for example,  the  s ide  wi th  the  most wi re  or cable  penetrations)  normal  to  the  UV 
i rrad iance  beam.  

c)  Wh i le  main tain ing  the  component temperature  wi th in  the  prescribed  range,  subject the  
component to  a  m in imum  i rrad iance  of 

– 7 , 5  kWh ⋅ m–2  i n  the  wavelength  range  between  280  nm  and  320  nm,  and  

– 1 5  kWh ⋅ m–2  i n  the  wavelength  range  between  320  nm  and  400  nm.  

d )  Reorien t the  component so  that the  backside  i s  normal  to  the  UV i rrad iance  beam.  

e)  Repeat step  c)  for 1 0  %  of the  time  at the  i rrad iation  l evels  that were  performed  on  the  
front s ide.  

1 1 . 1 0.4 F inal  measurements  

Repeat the  tests  of 1 1 . 1  and  1 1 . 2 .  

1 1 .1 0.5  Requ irements  

The  requ i rements  are  as  fol lows.  

– There  shal l  be  no  evidence  of major visual  defects,  as  defined  i n  Clause  8 .  

– The  function ing  requ i rements  of 1 1 . 2  shal l  be  met.  

1 1 . 1 1  Thermal  cycl ing  test 

1 1 . 1 1 . 1  Purpose  

The  purpose  of th is  test i s  to  determine  the  abi l i ty of the  component to  wi thstand  thermal  
m ismatch ,  fatigue  and  other stresses  caused  by repeated  changes  of temperature.  The  
temperature  l im i ts  for th is  cycl ing  test are  based  on  the  service  use  of th is  component:  
ou tdoor unprotected ,  ou tdoor protected ,  i ndoor uncond i tioned  and  i ndoor cond i tioned .  

1 1 .1 1 .2  Apparatus  

The  apparatus  i s  as  fol lows.  

a)  A cl imatic chamber wi th  au tomatic temperature  control ,  means  for ci rcu lating  the  a i r i ns ide  
and  means  to  avoid  condensation  on  the  component during  the  test,  capable  of subjecting  
one  or more  components  to  the  thermal  cycle  i n  F igure  4.  Every cl imatic chamber wh ich  i s  
capable  of fu l fi l l i ng  the  speci fications  of I EC  60068-3-6  wi l l  be  su i table.  

b)  Means  for mounting  or supporti ng  the  component i n  the  chamber,  so  as  to  a l l ow free  
ci rcu lation  of the  surround ing  a i r.   

c)  Means  for measuring  and  record ing  the  temperature  of the  component to  an  accuracy of 
±2  °C.  The  temperature  sensors  shal l  be  attached  to  the  fron t or back surface  of the  
component near the  m idd le.  I f more  than  one  component i s  tested  s imu l taneously,  i t  wi l l  
su ffice  to  mon i tor the  temperature  of one  representative  sample.  

d )  Means  for mon i toring ,  throughou t the  test,  the  continu i ty of the  in ternal  ci rcu i t  of each  
component.  

e)  I nstrumentation  for mon i toring  i n  each  component,  the  i n tegri ty of the  insu lation  between  
one  of the  terminals  and  the  component frame  or supporting  structure.  
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1 1 .1 1 .3  Temperatures  versus  service  condi tions  

The  requ i red  h igh  and  l ow l im i ts  for temperature  cycl i ng  are  provided  i n  Table  2 .  

Table  2  – Temperature l imi ts  for thermal  cycl ing  test  

Service  cond i tion  H igh  temperature  Low temperature  Cycles  

Outdoor,  unprotected  

Ou tdoor,  protected  

I ndoor,  u ncond i ti oned  

I ndoor,  cond i ti oned  

85  °C 

75  °C 

55  °C 

 

–20  °C 

–20  °C 

0  °C 

 

50+200  

50+200  

50+200  

Not  requ i red  

NOTE  The  number of cycles  i s  i n  accordance  wi th  F i gu re  1 .  
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Figure  4  – Thermal  cycl ing  test  

1 1 . 1 1 .4  Procedure  

The  procedure  i s  as  fol lows.  

a)  I nstal l  the  component at room  temperature  i n  the  chamber.  I f the  component enclosure  is  
a  poor e lectrical  conductor,  mount the  component on  a  metal  frame.  

b)  Connect the  temperature  mon i toring  equ ipment to  the  temperature  sensor(s).  Connect the  
con tinu i ty i nstrumentation  across  the  component terminals.  Connect the  i nsu lation  mon i tor 
between  one  terminal  and  the  frame or supporting  structure.  

c)  Close  the  chamber and ,  wi th  the  a i r around  the  component(s)  ci rcu lating  at a  veloci ty of 
not l ess  than  2  m ⋅s–1 ,  subject the  component to  cycl ing  between  the  component 
temperature  l im i ts  speci fied  i n  Table  2  i n  accordance  wi th  the  profi le  i n  F igure  4 .  The  rate  
of change  of temperature  between  the  l ow and  h igh  extremes  shal l  not exceed  1 00  °C/h  
and  the  component temperature  shal l  remain  stable  at each  extreme for a  period  of at 
l east 1 0  m in .  The  cycle  time  shal l  not exceed  6  h .  The  number of cycles  shal l  be  as  shown  
i n  the  relevant blocks  i n  F igure  1 .  
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d)  Throughou t the  test,  record  the  component temperature  and  mon i tor the  component(s)  to  
detect any open-ci rcu i t or g round  fau l ts  that may occur during  the  exposure.  

1 1 . 1 1 .5  Final  measurements  

After a  m in imum  recovery time  of 1  h ,  repeat tests  1 1 . 1  and  1 1 . 2 .  

1 1 .1 1 .6  Requ irements  

The  requ i rements  are  as  fol lows.  

– There  shal l  be  no  i n termi tten t open-ci rcu i t  or g round  fau l ts  detected  during  the  test.  

– There  shal l  be  no  evidence  of major visual  defects,  as  defined  i n  Clause  8 .  

– The  function ing  requ i rements  of 1 1 . 2  shal l  be  met.  

1 1 . 1 2  Humidi ty-freeze  test 

1 1 . 1 2. 1  Purpose  

The  purpose  of th is  test i s  to  determine  the  abi l i ty of the  component to  wi thstand  the  effects  of 
h igh  temperature  and  humid i ty fol lowed  by a  cold  temperature.  Th is  i s  not a  thermal  shock 
test.  

1 1 .1 2.2  Temperatures  versus  service  condi tions  

The  requ i red  h igh  and  l ow temperature  l im i ts  for th is  test are  provided  i n  Table  3 .  

Table  3  – Temperature  l im i ts  for humid i ty-freeze  test  

Service  condi tion  H igh  temperature  Low temperature  

Outdoor,  unprotected  

Ou tdoor,  protected  

I n door,  u ncond i ti oned  

I ndoor,  cond i ti oned  

85  °C 

75  °C 

55  °C 

Not  requ i red  

–20  °C 

–20  °C 

0  °C 

Not  requ i red  

 

Before  conducting  the  test,  the  component shal l  be  subjected  to  the  thermal  cycl ing  test as  
shown  i n  F igure  4 .  
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Figure  5  – Humid i ty-freeze  test 

1 1 . 1 2.3  Apparatus  

The  apparatus  i s  as  fol lows.  

a)  A cl imatic chamber wi th  au tomatic temperature  and  humid i ty con trol ,  capable  of subjecting  
one  or more  components  to  the  humid i ty-freeze  cycle  speci fied  i n  F igure  5.  Every cl imatic 
test chamber,  wh ich  i s  capable  of fu l fi l l i ng  the  speci fications  of I EC  60068-3-6  wi l l  be  
su i table.  At sub-zero  temperatures,  the  dew-poin t of the  chamber a i r shal l  be  the  chamber 
temperature.  

b)  Means  for measuring  and  record ing  the  component temperature  to  an  accuracy of ±2  °C.  
I t  i s  su fficien t to  mon i tor the  temperature  of one  representative  sample  i f more  than  one  
component i s  tested  s imu l taneously.  

c)  Means  for mon i toring ,  th roughou t the  test,  the  con tinu i ty of the  i n ternal  ci rcu i t of each  
component.  

d )  I nstrumentation  for mon i toring  i n  each  component the  i n tegri ty of the  insu lation  between  
one  of the  terminals  and  the  enclosure  or supporting  frame  structure.  

1 1 . 1 2.4 Procedure  

The  procedure  i s  as  fol lows.  

a)  Attach  a  su i table  temperature  sensor to  the  front or back surface  of the  component near 
the  m idd le.  

b)  I nstal l  the  component at room  temperature  i n  the  cl imatic chamber at an  ang le  of not l ess  
than  5°  to  the  horizon tal .  I f the  component enclosure  i s  a  poor e lectrical  conductor,  mount 
the  component on  a  metal  frame.  

c)  Connect the  temperature  mon i toring  equ ipment to  the  temperature  sensor(s).  Connect the  
con tinu i ty i nstrumentation  across  the  component terminals.  Connect the  i nsu lation  mon i tor 
between  one  terminal  and  the  frame or component enclosure.  
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d)  After closing  the  chamber,  subject the  component to  ten  complete  cycles  i n  accordance  
wi th  F igure  5.  The  maximum  and  m in imum  temperatures  shal l  be  wi th in  ±5  °C  of the  
speci fied  l evels  and  the  relative  humid i ty shal l  be  main tained  wi th in  ±5  %  of the  speci fied  
value  at  a l l  temperatures  above  room  temperature.  

e)  Throughout the  test,  record  the  component temperature  and  mon i tor the  component to  
detect any open-ci rcu i t or g round  fau l ts  that may occur during  the  exposure.  

1 1 . 1 2.5  Final  measurements  

After a  recovery time  of between  2  h  and  4  h ,  repeat tests  1 1 . 1  and  1 1 . 2 .  

1 1 .1 2.6  Requ irements  

The  requ i rements  are  as  fol lows.  

– There  shal l  be  no  i n termi tten t open-ci rcu i t  or g round  fau l ts  detected  during  the  test.  

– There  shal l  be  no  evidence  of major visual  defects,  as  defined  i n  Clause  8 ;  

– The  function ing  requ i rements  of 1 1 . 2  shal l  be  met.  

1 1 . 1 3  Damp heat test  

1 1 . 1 3. 1  Purpose  

The  purpose  of th is  test i s  to  determine  the  abi l i ty of the  component to  wi thstand  the  effects  of 
l ong-term  penetration  of humid i ty.  

1 1 . 1 3.2  Procedure  

The  test shal l  be  carried  ou t i n  accordance  wi th  I EC  60068-2-78  wi th  the  fol lowing  provisions.  

a)  Precond i tion ing  

 The  component,  being  at room  temperature,  shal l  be  i n troduced  i n to  the  test chamber.  

b)  Severi ties  

 The  humid i ty l evel  shal l  be  85  %  ±  5  %,  the  test duration  1  000  h ,  and  the  component 
temperature  wi th in  ±2  °C  of the  speci fied  level  i n  accordance  wi th  Table  4.  

Table  4  – Temperature l imi ts  for damp heat test 

Service  cond i tion  Temperature  

Outdoor,  unprotected  

Ou tdoor,  protected  

I n door,  uncond i ti oned  

I n door,  cond i ti oned  

85  °C 

75  °C 

55  °C 

Not requ i red  

 

c)  Recovery 

 The  component shal l  be  submi tted  to  a  recovery time  of between  2  h  and  4  h .  
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1 1 . 1 3.3  Final  measurements  

At the  end  of the  recovery time,  repeat tests  1 1 . 1  and  1 1 . 2 .  

1 1 .1 3.4 Requ irements  

The  requ i rements  are  as  fol lows.  

– There  shal l  be  no  evidence  of major visual  defects,  as  defined  i n  Clause  8 .  

– The  function ing  requ i rements  of 1 1 . 2  shal l  be  met.  

1 1 . 1 4 Robustness  of terminals  test 

1 1 . 1 4. 1  Purpose  

The  purpose  of th is  test i s  to  determine  that the  terminals  and  the  attachment of the  terminals  
to  the  component wi l l  wi thstand  such  stresses  as  are  l i kely to  be  appl ied  during  normal  
assembly or hand l ing  operations.  

1 1 .1 4.2  Types  of terminals  

Three  types  of component terminals  are  considered :  

– type  A:  wi re  or fl ying  l ead ;  

– type  B:  tags,  threaded  studs,  screws,  etc. ;  

– type  C:  connector.  

1 1 . 1 4.3  Procedure  

Precond i tion ing :  1  h  at  standard  atmospheric cond i tions  for measurement and  test.  

1 1 .1 4.3.1  Type A terminals  

Tensi le  test:  as  described  in  I EC  60068-2-21 ,  test Ua,  wi th  the  fol lowing  provis ions:  

– a l l  terminals  shal l  be  tested ;  

– tensi le  force  shal l  never exceed  the  component weigh t.  

Bend ing  test:  as  described  i n  I EC 60068-2-21 ,  test Ub,  wi th  the  fol lowing  provisions:  

– a l l  terminals  shal l  be  tested ;  

– perform  1 0  cycles  (one  cycle  i s  one  bend  i n  each  opposi te  d i rection).  

1 1 .1 4.3.2  Type B  terminals  

Tensi le  and  bend ing  tests:  

a)  for components  wi th  exposed  terminals,  each  terminal  shal l  be  tested  as  for type  A 
terminals;  

b)  i f the  terminals  are  enclosed  i n  a  protective  box,  the  fol lowing  procedure  shal l  be  appl ied :  
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 a  cable  of the  s ize  and  type  recommended  by the  component manufacturer,  cu t to  a  
su i table  leng th ,  shal l  be  connected  to  the  terminals  i nside  the  box using  the  
manufacturer's  recommended  procedures.  The  cable  shal l  be  taken  through  the  hole  of 
the  cable  g land ,  taking  care  to  u ti l i ze  any cable  clamp  arrangement provided .  The  l i d  of 
the  box shal l  be  securely replaced .  The  component shal l  then  be  tested  as  for type  A 
terminals.  

Torque  test:  as  described  i n  I EC  60068-2-21 ,  test Ud ,  wi th  the  fol lowing  provis ions:  

– a l l  terminals  shal l  be  tested ;  

– severi ty 1 .  

The  nu ts  or screws  shal l  be  capable  of being  l oosened  afterwards  un less  they are  speci fical l y 
designed  for permanent attachment.  

1 1 .1 4.3.3  Type C  terminals  

A cable  of the  s ize  and  type  recommended  by the  component manufacturer,  cu t to  a  su i table  
length ,  shal l  be  connected  to  the  ou tpu t end  of the  connector,  and  the  tests  for type  A 
terminals  shal l  be  carried  ou t.  

1 1 . 1 4.4 Final  measurements  

Repeat tests  1 1 . 1  and  1 1 . 2 .  

1 1 .1 4.5  Requ irements  

The  requ i rements  are  as  fol lows.  

– There  shal l  be  no  evidence  of mechan ical  damage.  

– The  function ing  requ i rements  of 1 1 . 2  shal l  be  met.  

1 1 . 1 5 Damp heat,  cycl ic  test  

1 1 . 1 5. 1  Purpose  

The  purpose  of th is  test i s  to  determine  the  su i tabi l i ty of components,  equ ipment or other 
articles  for use  and  storage  under cond i tions  of h igh  humid i ty when  combined  wi th  cycl ic 
temperature  changes  and ,  i n  general ,  producing  condensation  on  the  surface  of the  
specimen .  

1 1 .1 5.2   Procedure 

The  test shal l  be  carried  ou t i n  accordance  wi th  I EC  60068-2-30  wi th  the  fol lowing  provisions:  

Test Db,  varian t 2 ,  b-cycle  

The  humid i ty l evel  shal l  be  95  %  ±  5  %  

A m in imum  number of 3  cycles  

Lower temperature:  25°C  

Upper temperature:  see  Table  5  
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Table  5  – Temperature  l imi ts  for damp heat,  cycl ic  test 

Service  cond i tion  Temperature  

Outdoor,  unprotected  

Ou tdoor,  protected  

I n door,  uncond i ti oned  

I n door,  cond i ti oned  

75  °C 

55  °C 

40  °C 

Not requ i red  

 

The  component shal l  operate  under worst-case  cond i tions  concern ing  the  i n ternal  heat 
l osses.  These  shal l  at  l east i nclude  cond i tions  of maximum  load  and  maximum  power i npu t.  

I n  the  l ast cycle,  the  function ing  test for the  component (see  1 1 . 2)  shal l  be  done  at the  upper 
temperature  l evel  of the  cycle.  

1 1 . 1 5.3  Final  measurements  

At the  end  of the  recovery time,  repeat tests  1 1 . 1  and  1 1 . 2 .  

1 1 .1 5.4 Requ irements  

The  requ i rements  are  as  fol lows.  

– There  shal l  be  no  evidence  of major visual  defects,  as  defined  i n  Clause  8 .  

– The  function ing  requ i rements  of 1 1 . 2  shal l  be  met.  
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Annex A  
( i nformative)  

 
Switching  thresholds  for charge control lers  using  the battery voltage  

as  the main  parameter for the switching  algori thm   
 
 

The  fol lowing  th resholds  are  recommended  at a  su rround ing  temperature  of 20  °C  and  an  acid  
concentration  of 1 , 24  kg /l .  

– H igh  charge  d isconnect:  >2 ,30  V/cel l  

– H igh  charge  reconnect by two-poin t regu lation :  2 , 1 5  V/cel l  to  2 , 35  V/cel l  

– Low charge  d isconnect:  1 , 80  V/cel l  to  1 , 90  V/cel l  

– Low charge  reconnect:  2 , 05  V/cel l  to  2 , 1 5  V/cel l  

At other acid  concentrations,  the  requ i red  thresholds  must be  ad justed  accord ing  to  the  
manufacturer's  speci fications.  

NOTE  1  The  l ower l im i t  of the  l ow charge  d i sconnect  vol tage  i s  an  absol u te  m i n imum.  

NOTE  2  These  val ues  are  primari l y i n tended  for charge  con trol l ers  that  u se  the  battery vo l tage  as  the  main  
parameter for the  swi tch i ng  a l gori thm .  Some  manu factu rers  u se  other parameters ,  e . g .  s ta te  of charge.  

 

 

___________ 
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Annex ZA  
(normative)  

 
Normative  references to international  publ ications   
wi th  their corresponding  European  publ ications  

The fol lowing referenced documents are indispensable for the application  of th is document.  For dated  
references,  only the edition  cited  appl ies.  For undated  references,  the latest edition  of the referenced  
document (including any amendments) appl ies.  

NOTE Where an  international  publ ication  has been modified  by common modifications,  indicated by (mod),  the relevant 
EN/HD appl ies.  

Publ ication  Year Ti tl e EN/HD Year 

IEC 60068-1  -  1 )  Environmental  testing  
Part 1 :  General  and  gu idance 
 

EN  60068-1  1 994 2)  

I EC 60068-2-6  -  1 )  Part 2:  Tests  -  Test Fc:  Vibration  
(sinusoidal )  
 

EN  60068-2-6  1 995 2)  

I EC 60068-2-21  -  1 )  Part 2-21 :  Tests -  Test U :  Robustness of 
term inations and  integral  mounting  
devices 
 

EN  60068-2-21  1 999 2)  

I EC 60068-2-27 -  1 )  Part 2:  Tests  -  Test Ea and  gu idance:  
Shock 
 

EN  60068-2-27 1 993 2)  

IEC 60068-2-30 -  1 )  Part 2:  Tests  -  Test Db and  gu idance:  
Damp heat,  cycl ic (1 2  +  1 2-hour cycle)  
 

EN  60068-2-30 1 999 2)  

I EC 60068-2-75 -  1 )  Part 2-75:  Tests -  Test Eh:  Hammer tests 
 

EN  60068-2-75 1 997 2)  

I EC 60068-2-78 -  1 )  Part 2-78:  Tests -  Test Cab:  Damp heat,  
steady state 
 

EN  60068-2-78 2001  2)  

I EC 60068-3-6  -  1 )  Part 3-6:  Supporting  documentation  and  
gu idance -  Confirmation  of the 
performance of temperature/humid i ty 
chambers 
 

EN  60068-3-6  2002  2)  

I EC 6041 0 -  1 )  Sampl ing  plans  and  procedures  for 
inspection  by attributes 
 

-  -  

IEC 60529 -  1 )  Degrees of protection  provided  by 
enclosures  (IP  Code)  
 

EN  60529 
+  corr.  May 

1 991  2)  
1 993  

IEC 60721 -2-1  -  1 )  Classification  of environmental  cond itions 
Part 2:  Environmental  cond i tions  
appearing  in  nature -  Temperature and  
hum id i ty 
 

HD 478.2. 1  S1  1 989 2)  

                                                      

1 )  Undated  reference.  

2 )  Val i d  ed i ti on  at  date  of i ssue.  
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Publ ication  Year Ti tle  EN/HD Year 

IEC 60904-3 1 989 Photovol taic devices 
Part 3:  Measurement principles  for 
terrestrial  photovoltaic (PV)  solar devices 
with  reference spectral  irrad iance data 
 

EN  60904-3 1 993 

IEC 61 21 5 -  1 )  Crystal l ine si l icon  terrestrial  photovol taic 
(PV)  modules  -  Design  qual i fication  and  
type approval  
 

EN  61 21 5 2005 2)  

I EC 61 345 -  1 )  UV test for photovol taic (PV)  modules  
 

EN  61 345 1 998 2)  

I EC 61 427 2005 Secondary cel ls  and  batteries  for 
photovol taic energy systemes (PVES) -  
General  requ irements  and  methods of 
test 
 

EN  61 427 -  3)  

I EC 61 646 -  1 )  Th in-fi lm  terrestrial  photovol taic (PV)  
modules -  Design  qual ification  and  type 
approval  
 

EN  61 646 1 997 2)  

I EC 61 683 -  1 )  Photovol taic systems -  Power 
condi tioners  -  Procedure for measuring  
efficiency 
 

EN  61 683 2000 2)  

I EC 62262 -  1 )  Degrees of protection  provided  by 
enclosures  for electrical  equ ipment 
against external  mechanical  impacts  (IK 
code)  
 

EN  62262 2002  2)  

I SO/IEC 1 7025 -  1 )  General  requ irements  for the competence 
of testing  and  cal ibration  laboratories  
 

EN  ISO/IEC 
1 7025 

2000 2)  

 

 

 

                                                      

3)  To  be  publ i shed .  
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