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I N TERN ATI ON AL ELECTROTECH N I CAL COM M I SSI ON  

____________ 

 
UTILITY-INTERCONNECTED PHOTOVOLTAIC INVERTERS –  

TEST PROCEDURE FOR LOW VOLTAGE  
RIDE-THROUGH  MEASUREMENTS 

 
FOREWORD 

1 )  Th e  I n te rn ati on al  E l ectrotech n i cal  Com m i ss i on  ( I E C)  i s  a  worl d wi d e  org a n i zati on  for stan d a rd i zati on  com pri s i n g  
a l l  n ati on al  e l ectrotech n i cal  com m i ttees  ( I E C N ati on al  Com m i ttees).  Th e  obj ect  of I E C i s  to  prom ote  
i n tern ati on a l  co-op erati on  on  a l l  q u esti on s  con ce rn i n g  stan d a rd i zati on  i n  th e  e l ectri cal  an d  e l ectron i c  fi e l d s .  To  
th i s  en d  an d  i n  a d d i ti on  to  oth er acti vi ti es,  I E C pu bl i sh es  I n tern ati on al  S tan d a rd s,  Tech n i cal  S peci fi cati on s,  
Tech n i cal  Re ports ,  Pu bl i cl y Avai l abl e  S peci fi cati on s  (PAS )  an d  G u i d es  (h ereafter referre d  to  as  “ I E C  
P u bl i cati on (s )” ) .  Th ei r pre pa rati on  i s  en tru ste d  to  tech n i cal  com m i ttees;  an y I E C N ati on al  Com m i ttee  i n terested  
i n  th e  su bj ect  d e al t  wi th  m ay p arti ci pate  i n  th i s  p rep aratory work.  I n tern ati on al ,  g ove rn m en tal  an d  n on -
g overn m en tal  org an i zati on s  l i a i s i n g  wi th  th e  I E C a l so  pa rti ci pate  i n  th i s  prep arati on .  I E C col l a borates  cl osel y 
wi th  th e  I n te rn ati on al  O rg a n i zati on  for S tan d ard i zati on  ( I S O)  i n  accord a n ce  wi th  con d i t i on s  d ete rm i n ed  b y 
ag reem en t betwe en  th e  two  org an i zati on s.  

2)  Th e  form al  d eci s i on s  or ag re em en ts  of I E C on  tech n i cal  m atters  e xp res s,  as  n ea rl y  as  p ossi b l e,  an  i n tern ati on al  
con sen su s  of opi n i on  on  th e  rel evan t  su b j ects  s i n ce  e ach  tech n i cal  com m i ttee  h as  re presen tati on  from  a l l  
i n teres ted  I E C N ati on al  Com m i ttees .   

3)  I E C Pu bl i cati on s  h a ve  th e  form  of recom m en d ati on s  for i n tern ati on al  u s e  an d  are  accepted  by I E C N ati on al  
Com m i ttees  i n  th at  sen se.  W hi l e  a l l  reas on a bl e  efforts  are  m ad e  to  en s u re  th at  th e  tech n i cal  con te n t  of I E C  
P u bl i cati on s  i s  accu rate,  I E C  can n ot  b e  h el d  res p on si b l e  for th e  wa y i n  wh i ch  th ey a re  u se d  or for an y 
m i s i n terpretati on  by an y en d  u ser.  

4)  I n  ord er to  prom ote  i n te rn ati on al  u n i form i ty,  I E C N ati on al  Com m i ttees  u n d ertake  to  ap p l y I E C Pu b l i cati on s  
tran s p aren tl y to  th e  m a xi m u m  exte n t  p oss i bl e  i n  th e i r n a ti on al  an d  reg i on al  p u bl i cati on s.  An y d i verg en ce  
between  an y I E C Pu b l i cati on  a n d  th e  corres pon d i n g  n ati on al  or reg i on al  p u bl i cati on  sh al l  b e  cl earl y i n d i cate d  i n  
th e  l atte r.  

5)  I E C i tsel f d oes  n ot  p rovi d e  an y attestati on  of con form i ty.  I n d ep en d en t  certi fi cati on  bod i es  provi d e  con form i ty 
assessm en t  servi ces  an d ,  i n  s om e  areas,  access  to  I E C m arks  of con form i ty.  I E C i s  n ot  respon si bl e  for an y 
servi ces  carri ed  ou t  b y i n d ep e n d e n t certi fi cati on  bod i es .  

6)  Al l  u sers  sh ou l d  e n su re  th at  th ey h ave  th e  l ates t  ed i ti on  of th i s  pu bl i cati on .  

7)  N o  l i a bi l i ty s h al l  attach  to  I E C  or i ts  d i rectors,  em pl oyees,  s ervan ts  or ag en ts  i n cl u d i n g  i n d i vi d u al  e xpe rts  an d  
m em bers  of i ts  tech n i cal  com m i ttees  an d  I E C  N ati on al  Com m i ttees  for a n y pe rson al  i n j u ry,  prope rty  d am ag e  or 
oth e r d am ag e  of a n y n atu re  wh atsoever,  wh eth er d i rect  or i n d i rect,  or for costs  ( i n cl u d i n g  l eg al  fees )  an d  
e xp en s es  ari s i n g  ou t  of th e  pu bl i cati on ,  u se  of,  or re l i a n ce  u pon ,  th i s  I E C P u bl i cati on  or a n y oth e r I E C  
P u bl i cati on s .   

8)  Atten ti on  i s  d ra wn  to  th e  N orm ati ve  referen ces  ci ted  i n  th i s  pu bl i cati on .  U se  of th e  refere n ced  p u bl i cati on s  i s  
i n d i sp en s a bl e  for th e  correct  appl i cati on  of th i s  p u bl i cati on .  

9)  Atten ti on  i s  d ra wn  to  th e  pos s i b i l i ty th at  som e of th e  e l em en ts  of th i s  I E C Pu bl i cati on  m ay be  th e  s u bj ect  of 
pate n t  ri g h ts.  I E C sh al l  n ot  be  h el d  resp on s i bl e  for i d e n ti fyi n g  an y or a l l  s u ch  paten t  ri g h ts .  

Th e  m ai n  task of I EC  tech n i cal  com m i ttees  i s  to  prepare  I n tern ati on al  S tan d ard s.  I n  
excepti on al  ci rcu m stan ces,  a  tech n i cal  com m i ttee  m ay propose  th e  pu bl i cati on  of a  tech n i ca l  
speci fi cati on  wh en  

•  th e  req u i red  su pport can n ot be  obta i n ed  for th e  pu bl i cati on  of an  I n tern ati on al  Stan d ard ,  
d espi te  repeated  efforts,  or 

•  th e  su bj ect i s  sti l l  u n d er tech n i cal  d evel opm en t or wh ere,  for an y oth er reason ,  th ere  i s  th e  
fu tu re  bu t  n o  i m m ed i ate  poss i b i l i ty of an  ag reem en t on  an  I n tern ati on al  Stan d ard .  

Tech n i cal  speci fi cati on s  are  su bj ect to  revi ew wi th i n  th ree  years  of pu bl i cati on  to  d eci d e  
wh eth er th e y can  be  tran sform ed  i n to  I n tern ati on al  S tan d ard s.   

I E C TS  6 291 0,  wh i ch  i s  a  tech n i cal  speci fi cati on ,  h as  been  prepared  b y I E C tech n i ca l  
com m i ttee  82 :  S ol ar ph otovol ta i c  en erg y s ystem s.  
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Th e  text of th i s  tech n i cal  speci fi cati on  i s  based  on  th e  fol l owi n g  d ocu m en ts:  

E n q u i ry d raft  Rep ort  on  voti n g  

82 /8 84/DTS  82 /1 005/RVC 

 
Fu l l  i n form ati on  on  th e  voti n g  for th e  approval  of th i s  tech n i ca l  speci fi cati on  can  be  fou n d  i n  
th e  report  on  voti n g  i n d i cated  i n  th e  above  tabl e.  

Th i s  pu bl i cati on  h as  been  d rafted  i n  accord an ce wi th  th e  I SO/I EC  D i recti ves,  Part 2 .  

Th e  com m i ttee  h as  d eci d ed  th a t th e  con ten ts  of th i s  pu bl i cati on  wi l l  rem ai n  u n ch an g ed  u n ti l  
th e  stabi l i ty d ate  i n d i cated  on  th e  I EC  websi te  u n d er "h ttp: //webstore. i ec. ch "  i n  th e  d ata  
re l ated  to  th e  speci fi c  pu bl i cati on .  At  th i s  d ate,  th e  pu bl i cati on  wi l l  be  

•  tran sform ed  i n to  an  I n tern a ti on al  s tan d ard ,  

•  recon fi rm ed ,  

•  wi th d rawn ,  

•  repl aced  b y a  revi sed  ed i ti on ,  or 

•  am en d ed .  

A b i l i n g u al  vers i on  of th i s  pu bl i cati on  m a y be  i ssu ed  at  a  l ater d ate.  

 

IMPORTANT – The  'colour inside'  logo  on  the  cover page  of th is  publ ication  i nd icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore print  th is  document using  a  
colour prin ter.  
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UTILITY-INTERCONNECTED PHOTOVOLTAIC INVERTERS –  
TEST PROCEDURE FOR LOW VOLTAGE  
RIDE-THROUGH  MEASUREMENTS 

 
 
 

1  Scope 

Th i s  Tech n i cal  S peci fi cati on  provi d es  a  test  proced u re  for eval u ati n g  th e  perform an ce of Low 
Vol tag e  Ri d e-Th rou g h  (LVRT)  fu n cti on s  i n  i n verters  u sed  i n  u ti l i ty- i n tercon n ected  PV s ystem s.  

Th e  tech n i cal  speci fi cati on  i s  m ost appl i cabl e  to  l arg e  s ystem s  wh ere  PV i n verters  are  
con n ected  to  u ti l i ty H V d i stri bu ti on  s ystem s.  H owever,  th e  appl i cabl e  proced u res  m ay a l so  be  
u sed  for LV i n sta l l ati on s  i n  l ocati on s  wh ere  evol vi n g  LVRT req u i rem en ts  i n cl u d e  su ch  
i n sta l l ati on s,  e . g .  s i n g l e-ph ase  or 3-ph ase  s ystem s.   

Th e  assessed  LVRT perform an ce  i s  va l i d  on l y for th e  speci fi c con fi g u rati on  an d  operati on al  
m od e  of th e  i n verter u n d er test.  S eparate  assessm en t i s  req u i red  for th e  i n verter i n  oth er 
factory or u ser-settabl e  con fi g u rati on s,  as  th ese  m ay cau se  th e  i n verter LVRT respon se  to  
beh ave  d i fferen tl y.   

Th e  m easu rem en t proced u res  are  d es i g n ed  to  be  as  n on -s i te-speci fi c as  possi b l e,  so  th at 
LVRT ch aracteri sti cs  m easu red  at on e  test  s i te,  for exam pl e,  can  a l so  be  con s i d ered  val i d  at  
oth er s i tes .   

Th i s  tech n i ca l  speci fi cati on  i s  for testi n g  of PV i n verters,  th ou g h  i t  con ta i n s  i n form ati on  th at 
m ay a l so  be  u sefu l  for testi n g  of a  com pl ete  PV power p l an t con si sti n g  of m u l ti p l e  i n verters  
con n ected  at  a  s i n g l e  poi n t  to  th e  u ti l i ty g ri d .  I t  fu rth er provi d es  a  bas i s  for u ti l i ty-
i n tercon n ected  PV i n verter n u m eri cal  s i m u l ati on  an d  m od el  val i d ati on .  

2  Normative references  

Th e fo l l owi n g  d ocu m en ts,  i n  wh ol e  or i n  part,  are  n orm ati vel y referen ced  i n  th i s  d ocu m en t an d  
are  i n d i spen sabl e  for i ts  appl i cati on .  F or d ated  referen ces,  on l y th e  ed i ti on  ci ted  appl i es .  F or 
u n d ated  referen ces,  th e  l atest ed i ti on  of th e  referen ced  d ocu m en t ( i n cl u d i n g  an y 
am en d m en ts)  appl i es.  

I E C 61 400-21 : 2 008,  Wind turbines – Part 21 : Measurement and assessment of power quality 
characteristics of grid connected wind turbines 

3 Terms,  defin i tions,  symbols  and  abbreviations  

3.1  Terms,  defin i tions  and  symbols  

For th e  pu rposes  of th i s  d ocu m en t,  th e  fo l l owi n g  term s,  d efi n i ti on s  an d  s ym bol s  appl y.  

3.1 . 1   
drop  depth  
m ag n i tu d e  of vol tag e  d rop  d u ri n g  a  fau l t  or s i m u l ated  fau l t,  as  a  percen tag e  of th e  n om i n al  
su ppl y vol tag e  

3.1 .2   
double  d rop  
su d d en  d ecl i n e  of th e  n om i n al  vo l tag e  to  a  va l u e  be l ow 90  %  of th e  vol tag e  of PCC,  fol l owed  
after a  sh ort ti m e b y a  vol tag e  recovery,  wh i ch  h appen ed  twi ce.  Vol tag e  ch an g es  wh i ch  d o  n ot 

International  Electrotechnical  Commission

 



I E C TS  62 91 0: 201 5    I E C 201 5  – 7  – 

red u ce  th e  vol tag e  to  bel ow 90  %  of th e  vol tag e  of PCC  are  n ot  con s i d ered  to  be  vol tag e  
d rops  

3. 1 .3   
equ ipment under test  
EUT 
EU T i n d i cates  th e  eq u i pm en t on  wh i ch  th ese  tests  are  perform ed  an d  refers  to  th e  u ti l i ty-
i n tercon n ected  PV i n verter.  D u ri n g  test  peri od ,  E U T i s  con n ected  wi th  PV s i m u l ator i n stead  of 
rea l  PV m od u l es  on  th e  DC si d e,  wh i l e  AC  si d e  i s  con n ected  wi th  g ri d  

3. 1 .4   
IT  system  
I T  power s ystem  h as  a l l  l i ve  parts  i so l ated  from  earth  or on e  poi n t  con n ected  to  earth  th rou g h  
an  i m ped an ce.  Th e  exposed -con d u cti ve-parts  of th e  e l ectri ca l  i n sta l l ati on  are  earth ed  
i n d epen d en tl y or col l ecti vel y or to  th e  earth i n g  of th e  s ystem  

[S OU RCE :  I E C 6 036 4-1 : 200 5,  31 2. 2 . 3 ]  

3.1 .5   
Iq  
ou tpu t reacti ve  cu rren t of E U T 

3.1 .6   
low voltage ride  through  
LVRT 
capabi l i ty of an  i n verter to  con ti n u e  g en erati n g  power to  con n ected  l oad s  d u ri n g  a  l i m i ted  
d u rati on  l oss  or d rop  of g ri d  vol tag e  

3.1 .7   
maximum  MPP voltage  

m axi m um  vol tag e  at wh i ch  th e  E U T can  con vert  i ts  rated  power u n d er M PPT con d i ti on s  

[SOU RCE :  EN  50 530: 20 1 0]  

3.1 .8   
maximum  power point tracking  
MPPT 

con trol  strateg y of operati on  a t m axi m u m  power poi n t or n earb y 

3.1 .9   
min imum MPP voltage  

m i n i m u m  vol tag e  at  wh i ch  th e  E U T can  con vert  i ts  rated  power u n d er M PPT con d i ti on s  

[SOU RCE :  EN  50 530 : 20 1 0]  

3.1 . 1 0   
NEUT 
access  poi n t  of th e  EU T d u ri n g  th e  test  

3.1 . 1 1   
PN  
rated  power of EU T  

3. 1 . 1 2   
point  of common  coupl ing  
PCC  
poi n t  of a  power su ppl y n etwork,  e l ectri ca l l y n earest to  a  parti cu l ar l oad ,  a t wh i ch  oth er l oad s  
are,  or m ay be,  con n ected  
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N ote  1  to  en try:  Th es e  l oad s  can  be  e i th e r d e vi ces,  e q u i pm e n t  or system ,  or d i sti n ct  cu s tom er’ s  i n stal l ati on s .  

N ote  2  to  en try:  I n  s om e  ap pl i cati on s ,  th e  te rm  “poi n t  of com m on  cou pl i n g ”  i s  restri cted  to  p u bl i c  n etworks .  

[S OU RCE :  I E C 600 50-1 6 1 : 1 990,  1 6 1 -07-1 5]  

3.1 . 1 3   
proportional i ty constant K  
K-factor 
vol tag e  su pport  of E U T i n  accord an ce  wi th  th e  vol tag e  d rops.  Th e  K-factor i s  to  be  speci fi ed  
b y th e  E U T m an u factu rer.  

3.1 . 1 4   
PV array s imu lator 
si m u l ator th at h as  I -V ch aracteri sti cs  eq u i va l en t to  a  PV arra y 

3.1 . 1 5   
PV s imu lator MPP vol tage  
UMPP,  PVS  
M PP vol tag e  of th e  setti n g  PV cu rve  th at i s  provi d ed  b y th e  PV s i m u l ator  

3. 1 . 1 6   
SEUT  
apparen t sh ort-ci rcu i t  power at N E U T  

3.1 . 1 7   
s ing le  drop  
su d d en  d ecl i n e  of th e  n om i n al  vol tag e  to  a  va l u e  bel ow 90  %  of th e  vol tag e  of PCC,  fol l owed  
after a  sh ort  ti m e b y a  vol tag e  recovery,  wh i ch  h appen ed  on ce.  Vol tag e  ch an g es  wh i ch  d o  n ot 
red u ce  th e  vol tag e  to  bel ow 90  %  of th e  vol tag e  of PCC  are  n ot con s i d ered  to  be  vol tag e  
d rops  

3. 1 . 1 8   
Zgrid  
g ri d  sh ort-ci rcu i t i m ped an ce val u e  of th e  M P1  (see  F i g u re  1 )  

3.1 . 1 9   
Zi  
i m ped an ce va l u e  between  th e  fau l t poi n t an d  PCC  

3.1 .20   
Zp  
i m ped an ce val u e  between  th e  fau l t  poi n t an d  E U T 

3.2  Abbreviations  

AC al tern ati n g  cu rren t  

A/D  an al og  to  d i g i tal  

DC d i rect cu rren t  

H V h i g h  vol tag e  

LV l ow vol tag e  

M V  m i d d l e  vol tag e  

RM S  root m ean  sq u are  
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4 Test ci rcui t  and  equipment 

4.1  General  

Th e ci rcu i ts  an d  eq u i pm en t d escri bed  i n  th i s  cl au se  are  d evel oped  to  a l l ow tests  th at s i m u l ate  
th e  fu l l  ran g e  of an ti ci pated  g ri d  fau l ts,  i n cl u d i n g :  

•  S i n g l e  ph ase  to  g rou n d  fau l t  (an y ph ase).  

•  Two  ph ase  i sol ated  fau l t,  between  an y two ph ases .  

•  Two  ph ase  g rou n d ed  fau l t,  i n vol vi n g  an y two ph ases.  

•  Th ree  ph ase  sh ort-ci rcu i t  fau l t.  

A fu l l  d i scu ss i on  of th ese  fau l ts  an d  th e  resu l ti n g  i m pact on  vol tag e  m ag n i tu d e  an d  ph as e  
an g l es  i s  i n cl u d ed  i n  An n ex A.  

Th e  sh ort ci rcu i t em u l ator an d  g ri d  s i m u l ator d escri bed  i n  4 . 3 . 3  an d  4 . 3. 4  are  i n form ati ve  
exam pl es  an d  are  n ot i n ten d ed  to  restri ct d esi g n  fl exi b i l i ty.   O th er d es i g n s  m ay be  u sed  to  
ach i eve  eq u i val en t  test  fu n cti on al i ty.  

4.2  Test ci rcu i t  

Th e  LVRT test  ci rcu i t  i n cl u d es  a  D C sou rce,  th e  E U T,  a  g ri d  fau l t  s i m u l ator an d  th e  g ri d .  A PV 
si m u l ator (or PV arra y)  provi d es  i n pu t en erg y for th e  E U T.  Th e  ou tpu t of th e  E U T i s  con n ected  
to  th e  g ri d  vi a  a  g ri d  fau l t  s i m u l ator,  as  sh own  i n  F i g u re  1 .   

UGrid

ZGrid MP1 MP2
EUT

MP3

Transformer

(optional)

PV simulator

or PV array 
Grid  fault 

simulator

IEC

 

N OTE  M P1  i s  th e  m eas u rem en t  po i n t  between  th e  g ri d  an d  th e  g ri d  fa u l t  s i m u l ator;  M P 2  i s  th e  m eas u rem en t  poi n t  
at  th e  h i g h  vol ta g e  s i d e  of th e  tra n sform er;  M P3  i s  th e  m easu rem en t  poi n t  at  th e  l ow vo l tag e  s i d e  of th e  
tran sform er.  

Figure 1  – Testing  ci rcu i t d iagram  

4.3  Test equ ipment  

4.3. 1  Measuring  instruments  

Waveform s sh al l  be  m easu red  b y a  d evi ce  wi th  m em ory fu n cti on ,  for exam pl e,  a  s torag e  or 
d i g i ta l  osci l l oscope,  or a  h i g h  speed  d ata  acq u i si ti on  d evi ce.  Accu racy of th e  osci l l oscope  or 
d ata  acq u i s i ti on  s ystem  sh ou l d  be  at l east 0 , 2  %  of fu l l  scal e.  Th e  an al og u e  to  A/D  of th e  
m easu rem en t d evi ce  sh al l  h ave  at l east 1 2  b i t  resol u ti on  ( i n  ord er to  m ai n tai n  th e  req u i red  
m easu rem en t accu racy).   

Vol tag e  tran sd u cers  (or vol tag e  tran sform ers)  an d  cu rren t tran sd u cers  ( or cu rren t 
tran sform ers)  are  th e  req u i red  sen sors  for m easu rem en t.  Th e  accu racy of th e  tran sd u cers  
sh ou l d  be  0, 5  %  of fu l l  scal e  or better.  I t  i s  n ecessary to  sel ect th e  tran sd u cer m easu ri n g  
ran g e  d epen d i n g  on  th e  n orm al  va l u e  of th e  s i g n al  to  be  m easu red .  Th e  sel ected  m easu ri n g  
ran g e  sh al l  n ot exceed  1 50  %  of th e  n orm al  va l u e  of th e  m easu red  s i g n al .  Th e  tran sd u cer 
accu racy req u i rem en ts  are  sh own  i n  Tabl e  1 .  
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Table  1  – Accuracy of measurements  

Measurement device  Accuracy 

Data  acq u i s i ti on  d e vi ce  0 , 2  %   fu l l  s cal e  

Vol tag e  tran s d u ce r 0 , 5  %   fu l l  scal e  

Cu rre n t  tra n sd u ce r 0 , 5  %   fu l l  s cal e  

 

4.3.2  DC  source  

A PV arra y,  PV arra y s i m u l ator or con trol l ed  DC sou rce  wi th  PV ch aracteri sti cs  m a y be  u sed  
as  th e  DC power sou rce  to  su ppl y i n pu t en erg y for th e  LVRT test.  As  th e  EU T i n pu t  sou rce,  
th e  DC power sou rce  sh al l  be  capabl e  of su ppl yi n g  th e  EU T m axi m u m  i n pu t power an d  oth er 
power l evel s  d u ri n g  th e  test,  at  m i n i m u m  an d  m axi m u m  i n pu t operati n g  vol tag es  of th e  E U T.   

Th e  PV s i m u l ator sh ou l d  em u l ate  th e  cu rren t/vol tag e  ch aracteri sti c  of th e  PV m od u l e  or PV 
arra y for wh i ch  th e  E U T i s  d es i g n ed .  Th e  respon se  ti m e of a  PV s i m u l ator sh ou l d  n ot  be  
l on g er th an  th e  M PP tracki n g  respon se  ti m e of EU T.   

For a  E U T u n d er test wi th ou t g al van i c  i so l ati on  between  th e  DC  s i d e  an d  AC  s i d e,  th e  ou tpu t 
of th e  PV s i m u l ator sh al l  n ot be  earth ed .  

Th e  eq u i val en t  capaci tan ce  between  th e  ou tpu t  of th e  PV s i m u l ator an d  earth  sh ou l d  be  as  
l ow as  poss i bl e  i n  ord er to  m i n i m i ze  th e  i m pact on  th e  EU T.  

A PV arra y u sed  as  th e  EU T i n pu t  sou rce  sh al l  be  capabl e  of m atch i n g  th e  E U T i n pu t power 
l evel s  speci fi ed  b y th e  test con d i ti on s.  I t  i s  n ecessary to  se l ect a  peri od  of ti m e  i n  wh i ch  th e  
sol ar i rrad i an ce  i s  stabl e  an d  d oes  n ot vary b y m ore  th an  5  %  d u ri n g  th e  test.  

4.3.3  Short-circu i t emulator  

As  part  of th e  g ri d  s i m u l ator d evi ce,  th e  sh ort-ci rcu i t  em u l ator i s  u sed  to  create  th e  vol tag e  
d rops  d u e  to  sh ort-ci rcu i ts  between  th e  two  or th ree  ph ases,  or between  on e  or two  ph ases  to  
g rou n d ,  vi a  th e  i m ped an ce  n etwork Z1  an d  Z2  as  sh own  i n  th e  test  d evi ce  l ayou t i n  F i g u re  2 .  
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Figure 2  – Short-ci rcu i t  emu lator  

Th e i m ped an ce Z1  i s  u sed  to  l i m i t th e  effect  of th e  sh ort ci rcu i t  on  th e  u ti l i ty servi ce  th at 
powers  th e  test  ci rcu i t.  Th e  s i zi n g  of Z1  sh al l  th erefore  accou n t  for a l l  test seq u en ces  to  be  
perform ed  an d  l i m i t  th e  sh ort-ci rcu i t  cu rren t taken  from  th e  g ri d  to  val u es  th at d o  n ot cau se  an  
excess i ve  red u cti on  of th e  g ri d  vol tag e.  Con si d eri n g  an  acceptabl e  vol tag e  red u cti on  of at  
m ost 5  %  wh en  perform i n g  th e  test,  th e  m i n i m u m  val u e  of Z1  sh al l  be  at  l east 2 0  ×  ZG ri d ,  
wh ere  ZG ri d  i s  th e  g ri d  sh ort-ci rcu i t  i m ped an ce  m easu red  at  th e  test ci rcu i t  con n ecti on  poi n t.  

To  en su re  th at th e  test  i s  real i sti c,  h owever,  th e  apparen t sh ort-ci rcu i t  power (SE U T)  avai l abl e  
at th e  E U T con n ecti on  n od e  NE U T  sh ou l d  be  at l east eq u al  to  3  ×  Pn ,  wh ere  Pn  i s  th e  rated  

power of th e  E U T (m i n i m um  val u e  SE U T  >  3  ×  Pn ,  recom m en d ed  SE U T  =  5  to  6  ×  Pn ) .  Th i s  
m ean s  th at d u ri n g  th e  sh ort-ci rcu i t  tests ,  th e  con tri bu ti on  of cu rren t th rou g h  Z1  an d  Z2  from  
th e  g ri d  rem ai n s  d om i n an t com pared  to  th e  cu rren t con tri bu ted  b y th e  EU T.  I n  th i s  wa y,  th e  
i n verter cu rren t d oes  n ot  create  a  s i g n i fi can t  vol tag e  ri se  for th e  d u rati on  of th e  test  re l ati ve  to  
th e  n o- l oad  d rop.  
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Th e  two  con d i ti on s  d escri bed  above  d efi n e  th e  m i n i m u m  an d  m axi m u m  l i m i ts  of Z1 .  Th e  two  
con d i ti on s  com bi n ed  a l so  d efi n e  th e  l i m i t cri teri a  for th e  ch oi ce  of a  g ri d  i n frastru ctu re  su i tabl e  
for perform i n g  th e  test  wi th  th e  i m ped an ce  ci rcu i t.  I f th e  g ri d  i n frastru ctu re  can n ot m eet th e  
above req u i rem en ts ,  an  a l tern ati ve  test  ci rcu i t u ti l i zi n g  a  back-to-back con verter i s  a l l owed ,  as  
sh own  i n  F i g u re  2  an d  m a y be  ad d ed  to  red u ce  th e  g ri d  sh ort-ci rcu i t i m ped an ce  ZG ri d .  

G en eral l y,  th e  X/R va l u e  of i n d u ctor Z1  an d  Z2  for th e  sh ort-ci rcu i t  em u l ator m ay cl ose  to  th e  
tran sm i ssi on  l i n e  i m ped an ce val u es  for d i fferen t cou n tri es  an d  reg i on s.  I t  i s  a l so  appropri ate  
th at  th e  i n d u cti ve  i m ped an ces  Z1  an d  Z2  sh ou l d  be  ch aracteri sed  b y an  X/R rati o  eq u al  to  at  
l east 3,  i n  ord er to  reprod u ce  th e  typi cal  m i n i m u m  val u es  of X/R fou n d  i n  H V as  wel l  as  M V 
power l i n es.  

N OTE  1  X:   E q u i val e n t  i m ped an ce  of i n d u ctor.  

N OTE  2  R:   E q u i val en t  res i stan ce  of i n d u ctor.  

A b ypass  con n ecti on  (S wi tch  S1 )  of Z1  i s  u su al l y u sed  to  preven t overh eati n g  of th e  
i m ped an ce Z1  before  an d  after th e  execu ti on  of each  test seq u en ce.  

Th e  vol tag e  d rop  i s  created  b y con n ecti n g  th e  i m ped an ce Z2  b y th e  swi tch  S2 .  I f th e  vol tag e  
d rop  i s  req u i red  to  be  created  twi ce  i n  a  sh ort  peri od  (for d ou bl e  d rop  tests) ,  a  paral l e l  swi tch  
S2 ’  i s  n orm al l y u sed .  Th e  val u e  of Z2/(Z1 +Z2 +ZG ri d )  sh al l  be  ad j u sted  to  th e  req u i red  vol tag e  
m ag n i tu d es.  F or exam pl e,  wh en  th e  req u i red  vol tag e  m ag n i tu d e  i s  50  %  of th e  rated  vol tag e,  
th e  val u e  of Z2/(Z1 +Z2 +ZG ri d )  sh ou l d  be  abou t 0 , 5.  

Th e  swi tch  S2  sh al l  be  ab l e  to  accu ratel y con trol  th e  ti m e  between  con n ecti on  an d  
d i scon n ecti on  of Z2  for s i n g l e  ph ase,  two-ph ase  or th ree-ph ase  tests.  I f th e  ph ase  of swi tch  S2  
can n ot be  i n d epen d en tl y con trol l ed ,  th e  seri a l  swi tch  B1  m a y be  u sed  to  ch oose th e  fau l t  
ph ase.  B2  i s  u sed  to  se l ect wh eth er th e  fau l t i s  to  earth  or n ot.  Al l  swi tch es  m ay be  e i th er 

m ech an i cal  ci rcu i t  breakers  or power el ectron i c d evi ces.  

Th e  statu s  of swi tch  B1  an d  B2  sh ou l d  be  set before  perform i n g  th e  test.  Th e  statu s  of 

swi tch es  correspon d i n g  to  fau l t  types  i s  sh own  i n  Tabl e  2 .  

Th e  test  report  sh al l  speci fy th e  val u es  of i m ped an ces  Z1  an d  Z2 ,  th e  re l ated  X/R rati o,  an d  a  
d escri pti on  of th e  ci rcu i t u sed .  I n  ad d i ti on ,  th e  g ri d  sh ort-ci rcu i t  power avai l ab l e  at th e  vol tag e  
l evel  at wh i ch  th e  test  i s  perform ed  sh al l  be  d ocu m en ted .  

Th e  s tatu s  of swi tch es  an d  fau l t  types  are  sh own  i n  Tabl e  2 .  

Table  2  – Fau l t type  and  switch  status   

Fau l t type  
Swi tch  status  

Phase  A of B
1
 Phase  B  of B

1
 Phase  C  of B

1
 B

2
 

Phase  A to  ground  Cl os ed  Open  Open  Cl osed  

Phase B  to  ground  Open  Cl osed  Open  Cl osed  

Phase C  to  ground  Open  Open  Cl osed  Cl osed  

Phase A and  B  to  ground  Cl os ed  Cl osed  Open  Cl osed  

Phase B  and  C  to  ground  Open  Cl osed  Cl os ed  Cl osed  

Phase C  and  A to  ground  Cl os ed  Open  Cl osed  Cl osed  

Phase A and  B  Cl os ed  Cl osed  Open  Open  

Phase B  and  C  Open  Cl osed  Cl os ed  Open  

Phase C  and  A Cl os ed  Open  Cl osed  Open  

Phase A,  B  and  C  Cl os ed  Cl osed  Cl os ed  – 

Du ri n g  th e  p eri od  of vol tag e  d rop,  S
1

 sh ou l d  be  ope n ed  fi rst.  S
2

 sh ou l d  be  cl os ed  after S
1  

i s  open ed .  Th e  ti m e 
i n terval  betwee n  th e  above  two  acti on s  sh al l  b e  very s h ort.  

Du ri n g  th e  peri od  of vol tag e  recovery,  S
2

 sh ou l d  be  open ed  fi rst.  S
1

 sh ou l d  be  cl osed  after S
2  

i s  open ed .  Th e  
ti m e  i n terval  betwee n  th e  ab ove  two acti on s  s h al l  b e  very sh ort.  
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4.3.4  Converter based  grid  s imulator  

Th e test  ci rcu i t m en ti on ed  i n  4 . 3 . 3  i s  recom m en d ed  for s i m u l ati on  of g ri d  fau l ts .  H owever,  i f 
th e  test con d i ti on s  can n ot be  m et,  an  a l tern ati ve  test ci rcu i t  u ti l i zi n g  a  back-to-back con verter 
i s  a l l owed ,  as  sh own  i n  F i g u re  3 .  

Th e  test  ci rcu i t  essen ti a l l y com pri ses  a  vol tag e  sou rce  wi th  a  l ow i n tern al  res i stan ce  
com bi n ed  wi th  broad ban d  am pl i fi ers  ( l i n ear or forced  swi tch i n g  type)  capabl e  of fa i th fu l l y 
reprod u ci n g  th ree  s i n u soi d a l  vo l tag es  wi th  con trol l ed  h arm on i c  con ten t,  an d  ad j u stabl e  
am pl i tu d e,  fu n d am en ta l  freq u en cy an d  ph ase  re l ati on sh i p  wi th i n  broad  m arg i n s.  

When  th e  con verter i s  u sed ,  i t  sh al l  m eet  th e  fol l owi n g  req u i rem en ts :  

a)  I t  sh a l l  be  capabl e  of i n d epen d en tl y con trol l i n g  th e  th ree  ph ases  i n  term s  of am pl i tu d e  an d  
ph ase  an g l e.  

b)  I t  sh al l  i n corporate  i m ped an ces  ZA,  ZB  an d  ZC ,  th at can  be  ad j u sted  i n  ord er to  reprod u ce  
th e  oh m i c an d  i n d u cti ve  com pon en ts  of sh ort-ci rcu i t  i m ped an ces  th at are  typi ca l  of th e  
g ri d .  

c)  I t  sh al l  be  capabl e  of reprod u ci n g  th e  ph ase  vol tag es  an d  re l ati ve  ph ase  an g l es  th at  occu r 
on  th e  LV s i d e  of tran sform ers  i n  th e  even t of each  of th e  vari ou s  fau l t  types.   (S ee  An n ex 
A for th e  vector represen tati on s  for each  fau l t) .    

A

B

C

Grid Connect to PV inverter

ZA

ZC

ZB

Programmable voltage 

source

Converter device

IEC  

Figure 3  – Converter device  example   

I f th e  prog ram m abl e  vol tag e  sou rce  i s  a  b i -d i recti on al ,  con trol l ed  ou tpu t vol tag e  type  an d  i s  
capabl e  of repl i cati n g  th e  i n fl u en ce of sh ort-ci rcu i t  i m ped an ces  typi ca l  of th e  g ri d ,  th e  
i m ped an ces  ZA,  ZB ,  ZC m ay be  om i tted .  

5 Test  

5.1  Test protocol  

Th e LVRT test  protocol  i s  d es i g n ed  to  veri fy th at  th e  E U T respon d s  appropri atel y to  vol tag e  
d rops  (d u e  to  g ri d  fau l ts).  D u ri n g  th e  test,  th e  EU T sh al l  d em on strate  th at i t  can :   

•  Appropri atel y d etect th e  s i m u l ated  fau l t.  

•  Ri d e  th rou g h  th e  even t an d  con ti n u e  operati on  as  speci fi ed  i n  th e  appl i cabl e  cu rves.  

•  N ot su ffer an y d am ag e  from  th e  even t.  

N OTE  Th e  re q u i re d  l evel s  of acti ve  power an d  re acti ve  power ou tpu t  d u ri n g  th e  vo l tag e  d rop  pe ri od  m ay d i ffer 
d epen d i n g  on  th e  cou n try l ocal  cod es.  

Th e respon se  to  th e  vol tag e  d rop  speci fi ed  i n  Tabl e  3  sh a l l  be  record ed  over th e  EU T 
operati n g  peri od  wi th  two  ou tpu t power ran g es:  

a)  between  0 , 1  Pn  an d  0 , 3   Pn ;  
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b)  above 0 , 9  Pn ;  

an d  wi th  two  fau l t  con d i ti on s:  

c)  th ree-ph ase  d rop;  

d )  two-ph ase d rop  or s i n g l e-ph ase  d rop.  

Th e  tests  sh ou l d  be  carri ed  ou t at  l east twi ce  at  each  test poi n t  l i sted  i n  Tabl e  3 .  

Table  3  – Test specification  for LVRT (indicative)  (1  of 2)  

Drop times  Drop  depthb  Drop  phasec  EUT ou tpu t condi tionsd  

S ing le  drop  

A
1
 

Th re e-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

S i n g l e -p h as e  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

…  

Th re e-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

S i n g l e -p h as e  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

A
n
 

Th re e-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

S i n g l e -p h as e  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  
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Table  3  (2 of 2)  

Drop times  Drop  depthb  Drop  phasec  EUT ou tpu t condi tionsd  

Double  dropa  

A
1
 

Th re e-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

S i n g l e -p h as e  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

…  

Th re e-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

S i n g l e -p h as e  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

A
n
 

Th re e-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

Two-ph ase  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

S i n g l e -p h as e  to  g rou n d  
Fu l l  l oad  (ab ove  0, 9  P

n
)  

Part  l oa d  (0 , 1  P
n

 an d  0 , 3  P
n

)  

a  Dou bl e  d rop  tes t  m ay be  re q u i red  i n  som e cou n tri es  or reg i on s.  For d e vi ces  u n d er tes t  n ot  b ei n g  req u i red  for 
d ou bl e  d rop  test,  above  tes ti n g  poi n ts  can  b e  om i tted .  

b  Drop  d epth  i s  th e  res i d u al  vol tag e  d u ri n g  th e  LVRT testi n g  peri od  wh i ch  can  be  d eci d ed  accord i n g  to  th e  
req u i rem en t speci fi ed  by d i fferen t  cou n tri es  or reg i on s  (S e e  Cl au se  B . 2  for d rop  d e pth  rati o  cal cu l ati on ).  

c  Drop  p h ase  ca n  be  d eci d ed  a ccord i n g  to  th e  req u i rem en t  speci fi ed  by d i ffe ren t  cou n tri es  or reg i on s;  th e  
val u e  of two-ph as e  vo l tag e  sh ou l d  b e  l i n e  vo l tag e.  

d  Th e  test  sh ou l d  be  ca rri ed  ou t  u n d er speci fi ed  K-factor p rovi d ed  b y l ocal  m an u factu re.  

 

5.2  Test curve  

Th e LVRT respon se ch aracteri sti c sh al l  m eet th e  req u i rem en ts  of th e  LVRT cu rve  speci fi ed  b y 
d i fferen t  cou n tri es  an d  reg i on s  as  n eed ed .  An  exam pl e  LVRT cu rve  i s  sh own  i n  F i g u re  4 .  
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Figure 4  – LVRT curve example   

Th e exam pl e  cu rve  sh ows th at  th e  E U T sh ou l d  keep  operati n g  d u ri n g  operati n g  con d i ti on s  
i n d i cated  i n  th e  area  above th e  LVRT cu rve.  S peci fi cal l y,  th e  E U T sh ou l d  keep  operati n g  for 
(t1  – t0)  secon d s  wi th ou t d i scon n ecti n g  from  th e  g ri d  wh en  th e  i n tercon n ecti on  vol tag e  d rops  
to  0  %  of rated  vol tag e;  for (t2  – t0)  secon d s  wh en  th e  vol tag e  d rops  to  30  %  of rated  vol tag e;  
an d  for (t3  – t0)  secon d s  wh en  th e  vol tag e  d rops  to  70  %  of rated  vol tag e.  Th e  EU T sh ou l d  

d i scon n ect from  th e  g ri d  d u ri n g  operati n g  con d i ti on s  i n d i cated  wi th i n  th e  sh ad ed  areas .  

Th e  exam pl e  sh ows  two  types  of poi n ts  on  th e  LVRT cu rve:  th e  l owest poi n t  an d  th e  i n fl ecti on  
poi n t.  Tests  sh al l  be  carri ed  ou t at  both  types  of poi n ts .  

5.3  Test procedure  

5.3. 1  Pre-test  

Pri or to  th e  fau l t  s i m u l ati on  tests ,  th e  EU T sh ou l d  ru n  i n  n orm al  operati n g  m od e.  Th e  sel ected  
LVRT cu rve  sh ou l d  be  u sed  to  i d en ti fy vol tag e  d rop  poi n ts,  i n cl u d i n g  th e  l owest  poi n t an d  th e  
i n fl ecti on  poi n t,  as  wel l  as  oth er ran d om  poi n ts  i n  th e  cu rve.  S el ecti on  of th e  d rop  ti m e  sh ou l d  
fol l ow th e  req u irem en t of th e  appl i cabl e  cou n try or reg i on .  

5.3.2  No-load  test  

Pri or to  th e  l oad  test,  ad j u st th e  fau l t  em u l ator to  s i m u l ate  s ym m etri cal  an d  as ym m etri cal  
vol tag e  d rops  wi th ou t EU T con n ecti on ,  an d  val i d ate  th at th e  m easu red  resu l ts  are  as  i n ten d ed .  

Th i s  step  en su res  th at th e  am pl i tu d e  of vol tag e  an d  d rop  d u rati on  can  m atch  th e  req u i rem en ts  
i n  F i g u re  5 .  

5.3.3  Tolerance  

Th e tol eran ces  for d rop  d epth  an d  d u rati on  d u ri n g  th e  n o- l oad  test  sh al l  referen ce th e  
req u i rem en t of F i g u re  6  i n  I EC  61 400-21 : 2008,  an d  n ot  exceed  th e  val u es  sh own  i n  F i g u re  5 .   

Th e  tol eran ce  for vol tag e  m ag n i tu d e  i s  ±5  %  of rated  vol tag e  for th e  peri od  before  an d  d u ri n g  

th e  vol tag e  d rop.  Th e  to l eran ce for vol tag e  m ag n i tu d e  i s  ±1 0  %  of rated  vol tag e  d u ri n g  th e  

peri od  after vol tag e  i s  recovered .  Th e  tol eran ces  sh al l  be  m easu red  between  0  an d  +5  %  of 
rated  vol tag e  for th e  l owest poi n t  an d  th e  i n fl ecti on  poi n t u n d er n o- l oad  con d i ti on s.  

International  Electrotechnical  Commission

 



I E C TS  62 91 0: 201 5    I E C 201 5  – 1 7  – 

Th e  d u rati on  of each  vol tag e  d rop  i s  d eterm i n ed  accord i n g  to  th e  req u i rem en ts  of th e  
appl i cabl e  LVRT cu rve.  Th e  tol eran ce ran g e  for both  d rop  d u rati on  an d  ri se  ti m e prefers  
40  m s.  

A
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e
 o
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v

o
lt
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e
 %

Time(s)

±5 %
±1 0 %

40 ms 40 ms

±5 %

IEC  

Figure 5  – Tolerance  of vol tage  drop   

5.3.4  Load  test  

Tests  u n d er l oad  sh al l  be  carri ed  ou t  after th e  n o- l oad  test resu l ts  su ccessfu l l y m eet th e  
perform an ce  req u i rem en ts.  Th e  param eters  of th e  g ri d  fau l t s i m u l ator sh ou l d  be  con si sten t 
wi th  th e  n o- l oad  test.   

With  th e  EU T con n ected  to  th e  g ri d  fau l t s i m u l ator d evi ce  an d  th e  PV s i m u l ator(or PV arra y) ,  

th e  ou tpu t power sh ou l d  be  set  to  (0, 1 ～ 0 , 3)Pn  an d  above 0 , 9Pn  separate l y.  Ad d i ti on al  l oad  

tests  at  oth er power l evel s  sh ou l d  be  perform ed  as  d eterm i n ed  b y th e  speci fi c cou n try or 
reg i on al  req u i rem en ts.   

Du ri n g  th e  LVRT test,  M P1 ,  M P2,  an d  M P3 (sh own  i n  F i g u re  1 )  sh al l  be  sel ected  as  th e  test 
poi n ts  for m easu ri n g  an d  record i n g  th e  val u es  of vol tag e  an d  cu rren t.  

Th e  waveform  an d  d ata  of th e  m easu red  vol tag e  an d  cu rren t at  th e  m easu ri n g  poi n ts  sh al l  be  
record ed  b y th e  d ata  acq u i s i ti on  d evi ce  from  ti m e  A  pri or to  th e  vol tag e  d rop  to  ti m e  B  after 

th e  su bseq u en t vol tag e  ri se.  

For “A”  an d  “B” ,  speci fi c  d ata  sh ou l d  be  d eterm i n ed  b y d i fferen t cou n tri es  or reg i on s.  

6 Assessment cri teria  

Th e vari ou s  assessm en t cri teri a  i s  d eterm i n ed  by th e  req u i rem en ts  of th e  d i fferen t  cou n tri es  
or reg i on s.  Th e  ch aracteri sti cs  an d  perform an ce  cri teri a  for u ti l i zati on  are  sh own  i n  An n ex B ,  
an d  can  be  referen ced  by a  l ocal  u ser.  
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Annex A  
( i n form ati ve)  

 
Circui t faul ts  and  vol tage drops  

A.1  Faul t types   

Th e g ri d  fau l ts  of h i g h  vol tag e  power tran sm i ssi on  l i n e  are  com m on l y d i vi d ed  i n to  fou r 
d i fferen t types:  s i n g l e-ph ase  g rou n d ed  fau l t,  two-ph ase sh ort  ci rcu i t  fau l t,  two-ph ase  
g rou n d ed  fau l t,  an d  th ree-ph ase  sh ort  ci rcu i t fau l t.  Th e  m ost com m on  on e  i s  th e  s i n g l e-ph ase  
g rou n d ed  fau l t,  wh i ch  accou n ti n g  for over 90  %  of th e  tota l  n u m ber of th e  fau l ts .  

Con s i d eri n g  th e  d i fferen t fau l t  ph ases,  th e  sh ort ci rcu i t path s  for a l l  types  of fau l t are  sh own  i n  
Tabl e  A. 1 .  

Table  A. 1  – Short-circu i t paths  for d i fferent fau l t  types   

Type No.  Short ci rcu i t  type  Equ ivalent d i agram  Mathematical  formulae  

1  
S i n g l e -ph ase  (A)  sh ort  
ci rcu i t  g rou n d e d  fau l t  

Zf

Zf

Zf

PCC

Ifa

Ifc

Ifb

Vfa

Vfc

Vfb

 

V
fa
=0  

I
fa
≠0  

I
fb
=I

fc
=0  

2  
S i n g l e-p h ase  (B )  s h ort  
ci rcu i t  g rou n d ed  fau l t  

Zf

Zf

Zf

PCC

I fa

I fc

I fb

Vfa

Vfc

Vfb

 

V
fb
=0  

I
fb
≠0  

I
fa
=I

fc
=0  

3  
S i n g l e -p h ase  (C)  s h ort  
ci rcu i t  g rou n d ed  fau l t  

Zf

Zf

Zf

PCC

I fa

I fc

I fb

Vfa

Vfc

Vfb

 

V
fc
=0  

I
fc
≠0  

I
fa
=I

fb
=0  

4  
Two-ph ase  (AB )  sh ort  

ci rcu i t  i sol ate d  fau l t  

Zf

Zf

Zf

PCC

Ifa

Ifc

Ifb

Vfa

Vfc

Vfb

 

V
fa
=V

fb
≠0  

I
fc
=0  

I
fa
+I

fb
=0  
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Type No.  Short ci rcu i t  type  Equ ivalent d i agram  Mathematical  formulae  

5  
Two-ph as e  (B C)  s h ort  

ci rcu i t  i sol ate d  fau l t  

Zf

Zf

Zf

PCC

Ifa

Ifc

Ifb

Vfa

Vfc

Vfb

 

V
fb
=V

fc
≠0  

I
fa
=0  

I
fb
+I

fc
=0  

6  
Two-ph ase  (CA)  sh ort  

ci rcu i t  i sol ate d  fau l t  

Zf

Zf

Zf

PCC

Ifa

Ifc

Ifb

Vfa

Vfc

Vfb

 

V
fa
=V

fc
≠0  

I
fb
=0  

I
fa
+I

fc
=0  

7  
Two-ph ase  (AB )  sh ort  
ci rcu i t  g rou n d ed  fau l t  

Zf

Zf

Zf

PCC

Ifa

Ifc

Ifb

Vfa

Vfc

Vfb

 

V
fa
=V

fb
=0  

I
fc
=0  

I
fa
+I

fb
≠0  

8  
Two-ph ase  (B C)  sh ort  
ci rcu i t  g rou n d e d  fau l t  

Zf

Zf

Zf

PCC

Ifa

Ifc

Ifb

Vfa

Vfc

Vfb

 

V
fb
=V

fc
=0  

I
fa
=0  

I
fb
+I

fc
≠0  

9  
Two-ph ase  (CA)  sh ort  
ci rcu i t  g rou n d e d  fau l t  

Zf

Zf

Zf

PCC

Ifa

Ifc

Ifb

Vfa

Vfc

Vfb

 

V
fa
=V

fc
=0  

I
fb
=0  

I
fa
+I

fc
≠0  

1 0  
Th re e-ph ase  sh ort-

ci rcu i t  fau l t  

Zf

Zf

Zf

PCC

Ifa

Ifc

Ifb

Vfa

Vfc

Vfb

 

V
fa
=V

fb
=V

fc
=0  

I
fa
+I

fc
+I

fc
=0  

N OTE  1  V
fa

,  V
fb

 a n d  V
fc

 m ean  fau l t  vo l tag e  of ph ase  A,  ph ase  B  an d  p h ase  C  at  fau l t  poi n t  s eparatel y.  

N OTE  2  I
fa

,  I
fb

 an d  I
fc

 m ean  fau l t  cu rre n t  of ph ase  A,  ph ase  B  an d  p h ase  C  at  fau l t  p oi n t  s e paratel y.  

N OTE  3  Type  N o.  1 ,  2 ,  3 ,  7 ,  8  an d  9  are  n ot  a ppl i ca bl e  for I T  system .  
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A.2  Vol tage drops  

A.2. 1  General  

When  a  fau l t  occu rs ,  th e  vol tag e  am pl i tu d e  i n  th e  fau l ted  ph ase  sh ou l d  be  d ecreased .  W h en  a  
fau l t  occu rs  between  two  ph ases,  th e  ph ase  an g l e  sh ou l d  be  ch an g ed  on  i n verter ou tpu t  s i d e.  
Du e  to  th e  d i fferen t types  of l i n e-tran sform er con n ecti on s,  th e  m ag n i tu d e  an d  ph ase  of 
i n verter AC  vol tag e  wi l l  vary.  F i g u re  A. 1  sh ows th e  ci rcu i t  topol og y u n d er th e  fau l t  con d i ti on .  

Fault point

Zp Zi

PCC

PV inverter

T

IEC  

Figure A. 1  – Grid  fau l t  d iagram   

As i n d i cated  i n  Tabl e  A. 1 ,  th e  val u e  of fau l t  ph ase  vol tag e  at  th e  fau l t  poi n t  i s  zero.  ( I f th e  g ri d  
fau l t  type  i s  two-ph ase  sh ort  ci rcu i t  fau l t  wi th ou t g rou n d ,  th e  l i n e  vol tag e  between  two  fau l t  
ph ases  sh ou l d  be  zero. )  B ecau se  PCC i s  th e  com m on  con n ecti on  poi n t  of th e  i n fi n i te  g ri d ,  Zi ,  
between  th e  fau l t  poi n t  an d  PCC cou l d  be  treated  as  i n fi n i te .  Th e  vol tag e  d rop  am pl i tu d e  an d  
ph ase  d evi ati on  i n  PV i n verter AC  si d e  h ave  been  d eterm i n ed  b y th e  va l u e  of Zp  an d  type  of 

tran sform er.   

Th e  tran sform er “T”  represen ts  th e  vol tag e  an d  ph ase  tran sform ati on  bei n g  eq u i val en t  to  a l l  
th e  tran sform ers  between  th e  fau l t  poi n t an d  th e  PV i n verter,  becau se  on e  or m ore  

tran sform ers  are  con n ected .  Th e  eq u i val en t tran sform er “T”  h as  on l y two  types-Y/Y or Y/∆ .  I n  
ord er to  s i m pl i fy th e  an al ysi s ,  th e  tran sform er wi n d i n g s  cou l d  be  con s i d ered  as  on e  of two  

types,  Yn /Yn 1 2  an d  ∆/Yn 1 1 ,  wi th  a  rati o  of 1 .  

N OTE  1  I n  th i s  test  speci fi cati on ,  th e  e xam pl e  ci rcu i t  i s  a  th re e-ph as e  s ystem  wi th  fl oati n g  n eu tral  poi n t  an d  n o  
e l ectri cal  l oa d s.   

N OTE  2  For oth e r s ystem  types,  th e  s h ort  ci rcu i t  sch em ati c  d i ag ram  m ay be  d i ffe ren t  from  th e  e xam pl e.  

A.2.2  Three-phase  short-ci rcu i t  fau l t  

Fi g u re  A. 2  i l l u strates  th e  ch an g e  i n  i n verter AC  vol tag e  m ag n i tu d e  an d  ph ase  wh en  a  th ree-
ph ase sh ort-ci rcu i t  fau l t occu rs:  

Ua

Uc Ub

Ua’

Ub’

Uc’
(a) (b)

IEC  

Figure A.2  – Diagram  of vol tage vector for three-phase  short-ci rcu i t  fau l t   
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F i g u re  A. 2(a)  sh ows  th e  an g l e  an d  ph ase  state  wi th  a  Yn /Yn 1 2  tran sform er con n ecti on .  

F i g u re  A. 2(b)  sh ows  th e  an g l e  an d  ph ase  state  wi th  a  ∆/Yn 1 1  tran sform er con n ecti on .  Th e  
correspon d i n g  re l ati on sh i p  between  th e  fau l t  ph ase  an d  th e  oth er two  ph ases  i s  sh own  i n  th e  
fol l owi n g  Tabl e  A. 2 .  

Table  A.2  – Ampl i tude and  phase changes  i n  th ree-phase short-ci rcu i t fau l t   

Residual  
vol tage  of fau l t 

phase  

%  

Wi th  the  Yn/Yn1 2  transformer Wi th  the  ∆/Yn1 1  transformer 

Phase  A Phase  B  Phase  C  Phase  A Phase  B  Phase  C  

Am .  P h .  Am .  P h .  Am .  Ph .  Am .  P h .  Am .  Ph .  Am .  P h .  

1 00  1  0  1  0  1  0  1  30  1  30  1  30  

50  0, 5  0  0 , 5  0  0 , 5  0  0 , 5  30  0 , 5  30  0 , 5  30  

20  0, 2  0  0 , 2  0  0 , 2  0  0 , 2  30  0 , 2  30  0 , 2  30  

0  0  – 0  – 0  – 0  – 0  – 0  – 

N OTE  Am .  m ean s  am pl i tu d e  an d  P h .  m ean s  th e  i n i ti a l  ph as e.  

 

A.2.3  Two-phase  short-ci rcu i t  fau l t  wi th  g round  

Th ere  are  th ree  possi b l e  two-ph ase  sh ort-ci rcu i t earth  fau l ts ,  d epen d i n g  on  th e  fau l t  ph ases.  
Taki n g  th e  two-ph ase  (B C)  sh ort  ci rcu i t  fau l t  wi th  g rou n d  for exam pl e,  th e  ch an g e  i n  i n verter 
AC  vol tag e  am pl i tu d es  an d  ph ases  are  sh own  bel ow:  

Ua

Uc Ub

Ua’

Ub’

Uc’

(a) (b)
IEC  

Figure A.3  – Diagram  of vol tage vector of two-phase  (BC)  short-circu i t fau l t  wi th  ground   

Fi g u re  A. 3(a)  sh ows  th e  an g l e  an d  ph ase  state  wi th  a  Yn /Yn 1 2  tran sform er con n ecti on .  

F i g u re  A. 3(b)  sh ows  th e  an g l e  an d  ph ase  state  wi th  a  ∆/Yn 1 1  tran sform er con n ecti on .  Th e  
correspon d i n g  re l ati on sh i p  between  th e  fau l ted  ph ases  an d  th e  oth er ph ases  i s  sh own  i n  th e  
fol l owi n g  Tabl e  A. 3 .  
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Table  A.3  – Ampl i tude and  phase changes  in  two-phase (BC)  
 short-ci rcu i t  fau l t  wi th  ground  

Residual  
vol tage  of fau l t 

phase  

%  

Wi th  the  Yn/Yn1 2  transformer Wi th  the  ∆/Yn1 1  transformer 

Phase  A Phase  B  Phase  C  Phase  A Phase  B  Phase  C  

Am .  P h .  Am .  P h .  Am .  P h .  Am .  Ph .  Am .  P h .  Am .  P h .  

1 00  1  0  1  0  1  0  1  30  1  30  1  30  

50  1  0  0 , 5  0  0 , 5  0  0 , 76  1 9  0 , 5  30  0 , 76  41  

20  1  0  0 , 2  0  0 , 2  0  0 , 64  9  0 , 2  30  0 , 64  51  

0  1  0  0  – 0  – 0 , 58  0  0  – 0 , 58  60  

N OTE  Am .  m ean s  am pl i tu d e  an d  Ph .  m ean s  th e  i n i ti a l  ph as e.  

 

A.2.4  Two-phase  short-ci rcu i t  fau l t  wi thout ground  

Th ere  are  th ree  poss i b l e  two-ph ase  sh ort-ci rcu i t fau l ts  (wi th ou t g rou n d ) ,  d epen d i n g  on  th e  
fau l ted  ph ases.  Taki n g  th e  two-ph ase (B C)  sh ort ci rcu i t fau l t  for exam pl e,  th e  ch an g e i n  
i n verter AC vol tag e  am pl i tu d es  an d  ph ases  are  sh own  bel ow:  

Ua

Uc Ub

Ua’

Ub’

Uc’

(a) (b)
IEC

 

Figure A.4  – Diagram  of vol tage vector of two-phase  (BC)  short-circu i t fau l t   

Fi g u re  A. 4(a)  sh ows  th e  an g l e  an d  ph ase  state  wi th  a  Yn /Yn 1 2  tran sform er con n ecti on .  

F i g u re  A. 4  (b)  sh ows th e  an g l e  an d  ph ase  state  wi th  a  ∆/Yn 1 1  tran sform er con n ecti on .  Th e  
correspon d i n g  re l ati on sh i p  between  th e  fau l ted  ph ases  an d  th e  oth er ph ases  i s  sh own  i n  th e  
fol l owi n g  Tabl e  A. 4 .  

Table  A.4  – Ampl i tude and  phase changes  i n  two-phase (BC)  short-ci rcu i t fau l t  

Residual  
vol tage  of 
fau l t phase  

%  

Wi th  the  Yn/Yn1 2  transformer Wi th  the  ∆/Yn1 1  transformer 

Phase  A Phase  B  Phase  C  Phase  A Phase  B  Phase  C  

Am .  Ph .  Am .  Ph .  Am .  P h .  Am .  P h .  Am .  P h .  Am .  P h .  

1 00  1  0  1  0  1  0  1  30  1  30  1  30  

50  1  0  0 , 66  1 9  0 , 66  -1 9  0 , 9  1 6  0 , 5  30  0 , 9  44  

20  1  0  0 , 53  41  0 , 53  -41  0 , 87  7  0 , 2  30  0 , 87  53  

0  1  0  0 , 5  60  0 , 5  -60  0 , 866  0  0  -  0 , 866  60  

N OTE  Am .  m ean s  am pl i tu d e  an d  Ph .  m ean s  th e  i n i ti a l  ph as e.  
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A.2.5  Single-phase short-ci rcu i t fau l t  wi th  ground  

Th ere  are  th ree  possi b l e  s i n g l e-ph ase  sh ort-ci rcu i t fau l ts  to  g rou n d ,  d epen d i n g  on  th e  fau l ted  
ph ase.  Taki n g  th e  s i n g l e-ph ase  (A)  sh ort ci rcu i t  fau l t for exam pl e,  th e  ch an g e i n  i n verter AC  
vol tag e  am pl i tu d es  an d  ph ases  are  sh own  be l ow:  

Ua

Uc Ub

Ua’

Ub’

Uc’

(a) (b)
IEC  

Figure A.5  – Diagram  of vol tage vector of s ing le-phase  (A)   
short-ci rcu i t fau l t  wi th  ground  

Fi g u re  A. 5(a)  sh ows  th e  an g l e  an d  ph ase  state  wi th  a  Yn /Yn 1 2  tran sform er con n ecti on .  

F i g u re  A. 5(b)  sh ows  th e  an g l e  an d  ph ase  s tate  wi th  a  ∆/Yn 1 1  tran sform er con n ecti on .  Th e  
correspon d i n g  re l ati on sh i p  between  th e  fau l ted  ph ase  an d  th e  oth er ph ases  i s  sh own  i n  th e  
fol l owi n g  Tabl e  A. 5.  

Table  A.5  – Ampl i tude and  phase changes  in  single-phase  (A)  
 short-ci rcu i t  fau l t  wi th  ground  

Residual   
vol tage  of 
fau l t  phase  

%  

Wi th  the  Yn/Yn1 2  transformer Wi th  the  ∆/Yn1 1  transformer 

Phase  A Phase  B  Phase  C  Phase  A Phase  B  Phase  C  

Am .  P h .  Am .  P h .  Am .  Ph .  Am .  Ph .  Am .  Ph .  Am .  P h .  

1 00  1  0  1  0  1  0  1  30  1  30  1  30  

50  0, 5  0  1  0  1  0  0 , 76  41  0 , 5  30  0 , 76  1 9  

20  0, 2  0  1  0  1  0  0 , 64  51  0 , 2  30  0 , 64  9  

0  1  0  1  0  1  0  0 , 58  60  0  – 0 , 58  0  

N OTE  Am .  m ean s  am pl i tu d e  an d  P h .  m ean s  th e  i n i ti a l  ph as e.  
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Annex B  
(i n form ati ve)  

 
Determination  of cri tical  performance values  in  LVRT testing   

B.1  General  

Th i s  An n ex provi d es  su g g ested  m eth od s  for d eterm i n i n g  several  of th e  cri ti cal  perform an ce  
val u es  i n  LVRT testi n g .  D i fferen t cou n tri es  an d  reg i on s  m ay ch oose  a l tern ate  m eth od s  
accord i n g  to  th e  req u i rem en ts  of th ei r s tan d ard s.  

B.2  Drop depth  ratio  

As th e  vol tag e  of th e  test ci rcu i t m a y d evi ate  from  th e  n om i n al  vol tag e  of system ,  th e  rated  
vol tag e  of th e  EU T sh ou l d  be  u sed  as  th e  referen ce  vol tag e  for ca l cu l ati on s  of th e  vol tag e  
d rop  d epth  rati o,  as  sh own  i n  F orm u l a  B . 1 .  As  su ch  i t  i s  n ot  recom m en d ed  to  u se  th e  val u e  of 
th e  actu al  vo l tag e  m easu red  pri or to  th e  d rop  test  to  cal cu l ate  d rop  d epth .  

 
n

dip
n

U

U
A =  (B . 1 )  

wh ere   

An   i s  th e  res i d u al  vol tag e  rati o;   

Ud i p  i s  th e  actu al  vol tag e  d u ri n g  th e  d rop  test;   

Un  i s  th e  rated  AC  vol tag e  of E U T.   

B.3  Ride-through  time 

Over th e  vol tag e  d rop  peri od ,  th e  E U T sh al l  m eet th e  ri d e-th rou g h  ti m e req u i rem en ts  
correspon d i n g  wi th  th e  appl i cabl e  vol tag e  d rop  d epth s.  Th ese  req u i rem en ts  wi l l  d i ffer 
d epen d i n g  on  cou n tri es  an d  reg i on s,  h owever,  th e  LVRT perform an ce sh ou l d  m eet  or exceed  
th e  m ost  d em an d i n g  req u i rem en ts  for th e  speci fi ed  reg i on .    

LVRT fu n cti on s  tested  su ccessfu l l y accord i n g  to  speci fi c ri d e  th rou g h  req u i rem en ts  sh ou l d  
on l y be  appl i ed  i n  correspon d i n g  cou n tri es  an d  reg i on s  wh ere  th ose  req u i rem en ts  are  
appl i cabl e.  

B.4 Reactive current 

I f th e  EU T g en erates  reacti ve  cu rren t as  a  fu n cti on  of vol tag e  d rop  d epth  over th e  d u rati on  of 
th e  vol tag e  d rop,  th e  i n crem en tal  vol tag e  ch an g es  i n  th e  u n -fau l t  ph ases  cau sed  b y th e  
i n creased  reacti ve  cu rren t sh al l  n ot exceed  an y va l u es  speci fi ed  b y th e  m ost d em an d i n g  
req u i rem en ts  of th e  d i fferen t cou n tri es  or reg i on s.   

I f i t  i s  req u i red  th at  th e  reacti ve  ou tpu t  cu rren t of th e  EU T sh ou l d  ch an g e  d yn am i cal l y 
accord i n g  to  th e  vol tag e  ch an g e  d u ri n g  th e  d rop  peri od ,  th e  ti m e peri od  for esti m ati n g  th e  
val u e  of reacti ve  cu rren t sh ou l d  be  sel ected  between  th e  beg i n n i n g  of th e  vol tag e  d rop  an d  
th e  beg i n n i n g  of th e  vol tag e  recovery.  Th i s  i s  sh own  as  th e  ti m e between  t1  an d  t2  i n  
F i g u re  B. 1 .  I n  g en eral ,  t i m e  peri od  between  t2  an d  t3  i s  n ot over 20  m s.  
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Figure B. 1  – Determination  of reactive  current output    

Th e  ou tpu t of reacti ve  cu rren t m ay fl u ctu ate  d u ri n g  test.  Th i s  fl u ctu ati on  m a y resu l t  i n  reacti ve  
cu rren t va l u es  th at are  h i g h er or l ower th an  th e  stan d ard  req u i rem en t d u ri n g  th e  test,  
especi al l y d u ri n g  th e  vol tag e  d rop  peri od .  Th erefore,  th e  reacti ve  cu rren t va lu e  m easu rem en t  
sh ou l d  be  averag ed  over th e  wh ol e  d rop  peri od .  

B.5 Active power 

I f acti ve  power con trol  ch aracteri sti cs  are  req u i red  b y th e  l ocal  stan d ard  d u ri n g  LVRT even ts,  
i t  i s  n ecessary to  ch aracteri ze  acti ve  powers  (p0)  before,  d u ri n g  (p1 ) ,  an d  after (p2)  th e  
vol tag e  d rop,  as  sh own  i n  F i g u re  B. 2.  

Acti ve  power (p1 )  m a y fl u ctu ate  d u ri n g  th e  vol tag e  d rop  i n terval ,  especi a l l y at  poi n t  (ps)  wh ere  
system  vol tag e  recovery beg i n s .  I t  i s  th erefore  m i s l ead i n g  to  u se  th e  val u e  of acti ve  power 
record ed  at ps  for acti ve  power con trol  assessm en t.  I t  i s  su g g ested  i n stead  th at an  averag e  
val u e  of acti ve  power be  d eterm i n ed  over th e  ti m e between  t1  an d  t2  to  assess  th e  

ch aracteri sti cs  of acti ve  power recovery.  

RMS

P/W

t1 t2

ps

t/s

p0

p1

p2

0

IEC

 

Figure B.2  – Determination  of active  power recovery  
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assessment of general characteristics,  definitions  
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