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I N TE R N ATI ON AL E LE C TR OTE C H N I C AL COM M I S S I ON  

____________ 

 
TESTS RECOMMENDED ON CABLES WITH  A LONGITUDINALLY  
APPLIED METAL FOIL FOR RATED VOLTAGES ABOVE 30  kV  
(Um  =  36  kV)  UP TO AND INCLUDING  500  kV (Um  =  550  kV)  

 
FOR E WOR D  

1 )  Th e  I n t e rn ati o n a l  E l e c tro te ch n i c al  C o m m i s s i o n  ( I E C )  i s  a  wo rl d wi d e  o rg an i z ati o n  fo r  s tan d a rd i z a ti o n  c o m p ri s i n g  
al l  n ati o n al  e l e c tro te ch n i c al  c o m m i tte e s  ( I E C  N ati o n al  C o m m i t te e s ) .  Th e  o b j e ct  o f  I E C  i s  to  p ro m o te  
i n t e rn ati o n al  c o - o p e rati o n  o n  al l  q u e s ti o n s  c o n c e rn i n g  s tan d a rd i z a ti o n  i n  th e  e l e c t ri c al  an d  e l e c tro n i c  f i e l d s .  To  
th i s  e n d  a n d  i n  ad d i t i o n  to  o th e r ac ti vi t i e s ,  I E C  p u b l i s h e s  I n te rn ati o n al  S ta n d ard s ,  Te c h n i c al  S p e ci fi cat i o n s ,  
Te c h n i c al  R e p o rts ,  P u b l i cl y  Avai l a b l e  S p e c i f i c at i o n s  ( P AS )  an d  G u i d e s  ( h e re a fte r  re f e rre d  t o  as  “ I E C  
P u b l i c ati o n ( s ) ” ) .  Th e i r  p re p arati o n  i s  e n tru s te d  to  t e c h n i c al  co m m i tte e s ;  an y I E C  N ati o n al  C o m m i t te e  i n te re s t e d  
i n  th e  s u b j e c t  d e al t  wi th  m ay p art i ci p at e  i n  th i s  p re p arato ry  wo rk.  I n t e rn ati o n al ,  g o ve rn m e n tal  an d  n o n -
g o ve rn m e n tal  o rg an i z at i o n s  l i ai s i n g  wi th  t h e  I E C  al s o  p arti c i p ate  i n  t h i s  p re p arati o n .  I E C  c o l l ab o rate s  cl o s e l y  
wi t h  th e  I n te rn at i o n al  O rg an i z ati o n  fo r  S t an d a rd i z at i o n  ( I S O )  i n  acc o rd an ce  wi t h  co n d i t i o n s  d e te rm i n e d  b y  
ag re e m e n t  b e twe e n  th e  two  o rg an i z ati o n s .  

2 )  Th e  f o rm al  d e ci s i o n s  o r  ag re e m e n ts  o f  I E C  o n  t e c h n i c al  m atte rs  e x p re s s ,  as  n e arl y  as  p o s s i b l e ,  a n  i n t e rn ati o n al  
c o n s e n s u s  o f  o p i n i o n  o n  t h e  re l e van t  s u b j e c ts  s i n c e  e ach  t e c h n i c al  c o m m i tt e e  h as  re p re s e n t ati o n  fro m  al l  
i n te re s te d  I E C  N ati o n al  C o m m i tt e e s .   

3 )  I E C  P u b l i c ati o n s  h ave  th e  f o rm  o f  re c o m m e n d ati o n s  fo r  i n te rn a ti o n a l  u s e  an d  are  acce p te d  b y  I E C  N at i o n al  
C o m m i tte e s  i n  th at  s e n s e .  Wh i l e  al l  re as o n ab l e  e f fo rts  a re  m ad e  to  e n s u re  t h at  th e  te ch n i c al  c o n te n t  o f  I E C  
P u b l i c ati o n s  i s  acc u rate ,  I E C  c an n o t  b e  h e l d  re s p o n s i b l e  fo r  th e  wa y i n  wh i ch  th e y are  u s e d  o r  fo r  an y 
m i s i n te rp re ta ti o n  b y  an y e n d  u s e r.  

4 )  I n  o rd e r  to  p ro m o te  i n t e rn ati o n al  u n i f o rm i ty,  I E C  N ati o n al  C o m m i tte e s  u n d e rtake  to  ap p l y  I E C  P u b l i cati o n s  
tran s p are n tl y  to  th e  m ax i m u m  e x te n t  p o s s i b l e  i n  t h e i r  n a t i o n a l  an d  re g i o n al  p u b l i c a ti o n s .  A n y d i ve rg e n c e  
b e twe e n  an y I E C  P u b l i c at i o n  an d  th e  c o rre s p o n d i n g  n ati o n al  o r  re g i o n al  p u b l i cati o n  s h al l  b e  cl e arl y  i n d i cat e d  i n  
th e  l atte r.  

5 )  I E C  i ts e l f  d o e s  n o t  p ro vi d e  an y a tte s t at i o n  o f  c o n fo rm i ty.  I n d e p e n d e n t  c e rt i f i c a ti o n  b o d i e s  p ro vi d e  co n fo rm i ty  
a s s e s s m e n t  s e rvi c e s  an d ,  i n  s o m e  are as ,  ac ce s s  to  I E C  m arks  o f  co n fo rm i ty.  I E C  i s  n o t  re s p o n s i b l e  fo r  an y 
s e rvi c e s  c arri e d  o u t  b y i n d e p e n d e n t  c e rti f i c at i o n  b o d i e s .  

6 )  Al l  u s e rs  s h o u l d  e n s u re  th at  th e y h ave  t h e  l at e s t  e d i t i o n  o f  th i s  p u b l i ca ti o n .  

7 )  N o  l i ab i l i ty  s h al l  att ac h  to  I E C  o r  i ts  d i re c t o rs ,  e m p l o ye e s ,  s e rvan ts  o r  ag e n t s  i n cl u d i n g  i n d i vi d u al  e x p e rts  an d  
m e m b e rs  o f  i ts  te c h n i c al  c o m m i tt e e s  an d  I E C  N ati o n al  C o m m i tte e s  fo r  an y p e rs o n al  i n j u ry,  p ro p e rty  d a m ag e  o r  
o t h e r  d am ag e  o f  an y n at u re  wh at s o e ve r,  wh e th e r d i re ct  o r  i n d i re ct,  o r  fo r  c o s t s  ( i n cl u d i n g  l e g al  f e e s )  a n d  
e x p e n s e s  a ri s i n g  o u t  o f  th e  p u b l i ca ti o n ,  u s e  o f,  o r  re l i an c e  u p o n ,  th i s  I E C  P u b l i c ati o n  o r  a n y o th e r  I E C  
P u b l i ca ti o n s .   

8 )  Att e n t i o n  i s  d rawn  to  t h e  N o rm ati ve  re fe re n c e s  ci t e d  i n  th i s  p u b l i c at i o n .  U s e  o f  th e  re f e re n c e d  p u b l i c ati o n s  i s  
i n d i s p e n s ab l e  fo r  th e  c o rre c t  ap p l i cati o n  o f  th i s  p u b l i c a ti o n .  

9 )  Att e n ti o n  i s  d rawn  t o  th e  p o s s i b i l i t y  th a t  s o m e  o f  th e  e l e m e n ts  o f  th i s  I E C  P u b l i c ati o n  m ay b e  th e  s u b j e ct  o f  
p at e n t  ri g h ts .  I E C  s h al l  n o t  b e  h e l d  re s p o n s i b l e  fo r  i d e n ti fyi n g  a n y o r  a l l  s u ch  p a te n t  ri g h ts .  

Th e  m ai n  tas k o f  I E C  te ch n i cal  co m m i tte e s  i s  to  pre p are  I n te rn ati o n al  S tan d ard s .  H o we ve r,  a  
te ch n i cal  co m m i tte e  m ay pro po s e  th e  p u bl i cati o n  o f  a  Te ch n i cal  R e p o rt  wh e n  i t  h as  co l l e cte d  
d ata o f  a  d i ffe re n t  ki n d  fro m  th at  wh i ch  i s  n o rm al l y  p u b l i s h e d  as  an  I n te rn ati o n al  S tan d ard ,  fo r 
e xam pl e  " s tate  o f  th e  art" .  

I E C  TR  6 1 9 0 1 ,  wh i ch  i s  a  Te ch n i cal  R e po rt,  h as  b e e n  p re p are d  b y I E C  te ch n i cal  co m m i tte e  
2 0 :  E l e ctri c  cabl e s .  

Th i s  s e co n d  e d i t i o n  can ce l s  an d  re p l ace s  th e  fi rs t  e d i ti o n ,  p u b l i s h e d  i n  2 0 0 5 .  Th i s  e d i t i o n  
co n s ti tu te s  a te ch n i cal  re vi s i o n .   

Th i s  e d i ti o n  i n cl u d e s  th e  fo l l o wi n g  s i g n i fi can t  te ch n i cal  ch an g e s  wi th  re s p e ct  to  th e  p re vi o u s  
e d i t i o n :  

a)  R e co m m e n d ati o n s  o n  th e  te s ts  to  be  pe rfo rm e d  at  th e  d i ffe re n t  s tag e s  o f  th e  cabl e  an d  
cabl e  s ys te m  q u al i fi cati o n  ( d e ve l o pm e n t  te s ts ,  typ e  te s ts ,  s am p l e  te s ts ,  ro u ti n e  te s ts ,  afte r  
i n s tal l ati o n  te s ts )  h ave  be e n  p ro vi d e d .  
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b)  Th e  pe rfo rm an ce  l e ve l  o f  th e  te s ts  re l ate d  to  th e  l o n g i tu d i n al l y  app l i e d  m e tal  fo i l  wh i ch  
d e pe n d s  o n  th e  cab l e  d e s i g n  h as  be e n  d e tai l e d .  

c)  Th re e  cabl e  d e s i g n s  th at  re pre s e n t  th e  wo rl d  pro d u cti o n  o f  cab l e s  wi th  l o n g i tu d i n al l y  
app l i e d  m e tal  fo i l  h ave  b e e n  d e tai l e d .  

d )  A te s t  o n  th e  we l d  d e s i g n  h as  b e e n  i n cl u d e d ,  fo l l o wi n g  th e  app e aran ce  o f  a  n e w cabl e  
d e s i g n  wi th  s m o o th  an d  l o n g i tu d i n al l y  we l d e d  al u m i n i u m  fo i l  ( re fe rre d  to  i n  th i s  d o cu m e n t  
as  co m bi n e d  d e s i g n ) .  

e )  An  e xam i n ati o n  o f  th e  cabl e  at  th e  e n d  o f  th e  type  te s t  h as  be e n  i n cl u d e d .  

f)  Th e  cabl e  s ys te m  appro ach  ( cab l e  wi th  i n s tal l e d  acce s s o ri e s )  h as  be e n  co n s i d e re d  an d  a 
s h o rt  ci rcu i t  te s t  wi th  acce s s o ri e s  h as  b e e n  i n tro d u ce d .  

Th e  te xt  o f  th i s  Te ch n i cal  R e p o rt  i s  bas e d  o n  th e  fo l l o wi n g  d o cu m e n ts :  

E n q u i ry  d ra ft  R e p o rt  o n  vo ti n g  

2 0 /1 5 5 1 /D TR  2 0 /1 6 2 1 /R V C  

 

Fu l l  i n fo rm ati o n  o n  th e  vo ti n g  fo r  th e  ap pro val  o f  th i s  Te ch n i cal  R e po rt  can  be  fo u n d  i n  th e  
re po rt  o n  vo ti n g  i n d i cate d  i n  th e  ab o ve  tab l e .  

Th i s  pu bl i cati o n  h as  b e e n  d rafte d  i n  acco rd an ce  wi th  th e  I S O/I E C  D i re cti ve s ,  P art  2 .  

Th e  co m m i tte e  h as  d e ci d e d  th at  th e  co n te n ts  o f  th i s  pu b l i cati o n  wi l l  re m ai n  u n ch an g e d  u n ti l  
th e  s tab i l i ty  d ate  i n d i cate d  o n  th e  I E C  we bs i te  u n d e r " h ttp: //we bs to re . i e c. ch "  i n  th e  d ata 
re l ate d  to  th e  s pe ci fi c  pu bl i cati o n .  At  th i s  d ate ,  th e  pu b l i cati o n  wi l l  b e   

•  re co n fi rm e d ,  

•  wi th d rawn ,  

•  re p l ace d  b y a  re vi s e d  e d i ti o n ,  o r  

•  am e n d e d .  

A bi l i n g u al  ve rs i o n  o f  th i s  pu b l i cati o n  m ay be  i s s u e d  at  a  l ate r  d ate .  
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I N TROD U C TI ON  

N u m e ro u s  te ch n i cal  i m pro ve m e n ts  h ave  appe are d  o n  l am i n ate d  co ve ri n g s  s i n ce  1 9 9 2  an d  th e  
pu b l i cati o n  o f  C I G R E  E l e ctra 1 4 1 [1 ] 1 ,  i n  p aral l e l  wi th  s e rvi ce  e xpe ri e n ce .  I n  2 0 0 6 ,  C I G R E  
re q u e s te d  an  u pg rad e  o f  E l e ctra 1 41  wh i ch  was  i s s u ed  i n  Fe bru ary 2 0 1 1  as  Te ch n i cal  
B ro ch u re  44 6 [2 ] .  

Th i s  n e w d ata was  an al ys e d  an d  re s u l te d  i n  th e  re vi s i o n  o f  th e  fi rs t  e d i t i o n  o f  I E C  TR  6 1 9 0 1 .  

 

___________ 

1   N u m b e rs  i n  b rac ke ts  re f e r to  th e  B i b l i o g rap h y.  
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TESTS RECOMMENDED ON CABLES WITH  A LONGITUDINALLY  
APPLIED METAL FOIL FOR RATED VOLTAGES ABOVE 30  kV  
(Um  =  36  kV)  UP TO AND INCLUDING  500  kV (Um  =  550  kV)  

 
 
 

1  Scope 

I E C  TR  6 1 9 0 1 ,  wh i ch  i s  a  Te ch n i cal  R e po rt,  s p e ci fi e s  te s t  m e th o d s  an d  re q u i re m e n ts  fo r  
po we r cabl e  s ys te m s ,  cab l e s  wi th  e xtru d e d  i n s u l ati o n  an d  th e i r  acce s s o ri e s  fo r  fi xe d  
i n s tal l ati o n s ,  fo r  rate d  vo l tag e s  abo ve  3 0  kV (Um  =  3 6  kV)  u p  to  an d  i n cl u d i n g  5 0 0  kV 
(Um  =  5 5 0  kV) .  

Th e  re q u i re m e n ts  app l y to  s i n g l e - co re  cab l e s  an d  to  th e i r  acce s s o ri e s  fo r  u s u al  co n d i ti o n s  o f  
i n s tal l ati o n  an d  o p e rati o n ,  b u t  n o t  to  s pe ci al  cabl e s  an d  th e i r  acce s s o ri e s ,  s u ch  as  s u b m ari n e  
cabl e s ,  fo r  wh i ch  m o d i fi cati o n s  to  th e  te s ts  m ay b e  n e ce s s ary o r  s p e ci al  te s t  co n d i ti o n s  m ay 
n e e d  to  be  d e vi s e d .  

2  Normative references 

Th e  fo l l o wi n g  d o cu m e n ts ,  i n  wh o l e  o r  i n  part,  are  n o rm ati ve l y re fe re n ce d  i n  th i s  d o cu m e n t  an d  
are  i n d i s pe n s abl e  fo r  i ts  app l i cati o n .  Fo r d ate d  re fe re n ce s ,  o n l y  th e  e d i ti o n  ci te d  appl i e s .  Fo r 
u n d ate d  re fe re n ce s ,  th e  l ate s t  e d i t i o n  o f  th e  re fe re n ce d  d o cu m e n t  ( i n cl u d i n g  an y 
am e n d m e n ts )  app l i e s .  

Th e re  are  n o  n o rm ati ve  re fe re n ce s  i n  th i s  d o cu m e n t.  

3  Terms and  defin i tions  

Fo r th e  pu rpo s e s  o f  th i s  d o cu m e n t,  th e  fo l l o wi n g  te rm s  an d  d e fi n i t i o n s  appl y.  

3.1  Defin i t ions  concern ing  the  tests  

3. 1 .1   
routine test  
te s t  m ad e  b y th e  m an u factu re r o n  e ach  m an u factu re d  co m po n e n t  ( l e n g th  o f  cab l e  o r 
acce s s o ry)  to  ch e ck th at  th e  co m po n e n t  m e e ts  th e  s pe ci fi e d  re q u i re m e n ts  

3.1 .2   
sample  test  
te s t  m ad e  by th e  m an u factu re r  o n  s am p l e s  o f  co m p l e te  cabl e  o r  co m p o n e n ts  take n  fro m  a 
co m p l e te  cab l e  o r  acce s s o ry,  at  a  s pe ci fi e d  fre q u e n cy,  s o  as  to  ve ri fy  th at  th e  fi n i s h e d  pro d u ct  
m e e ts  th e  s p e ci fi e d  re q u i re m e n ts  

3.1 .3   
development  test  
te s t  m ad e  d u ri n g  th e  d e ve l o pm e n t  o f  th e  cab l e  s ys te m  

3.1 .4   
type  test  
te s t  m ad e  be fo re  s u pp l yi n g  o n  a  g e n e ral  co m m e rci al  bas i s  a  type  o f  cab l e  s ys te m  i n  o rd e r  to  
d e m o n s trate  s ati s facto ry p e rfo rm an ce  ch aracte ri s ti cs  to  m e e t  th e  i n te n d e d  app l i cati o n  
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N o t e  1  to  e n try:  O n c e  s u cc e s s fu l l y  c o m p l e te d ,  th e s e  t e s ts  n e e d  n o t  b e  re p e a te d ,  u n l e s s  c h an g e s  a re  m ad e  i n  t h e  
c ab l e  o r  acc e s s o ry m at e ri al s ,  o r  d e s i g n  o r  m an u fac tu ri n g  p ro ce s s  wh i c h  m i g h t  c h a n g e  th e  p e rfo rm an ce  
c h arac te ri s ti cs .  

3.1 .5   
prequal i fication  test  
te s t  m ad e  be fo re  s u ppl yi n g  o n  a  g e n e ral  co m m e rci al  bas i s  a  type  o f  cab l e  s ys te m  i n  o rd e r to  
d e m o n s trate  s ati s facto ry l o n g  te rm  pe rfo rm an ce  o f  th e  co m p l e te  cabl e  s ys te m  

3.1 .6   
electrical  test  after  instal lation  
te s t  m ad e  to  d e m o n s trate  th e  i n te g ri ty  o f  th e  cabl e  s ys te m  as  i n s tal l e d  

3.2  Defin i tions  concerning  cable  design  

N O TE  Th e  f o l l o wi n g  e x p l an a ti o n s  are  d e fi n i t i o n s  o f  g e n e ral  d e s i g n s  typ e s  an d  n o t  re l ate d  to  an y  s p e ci fi c  
c o n s tru c ti o n  s p e ci fi e d  i n  an y I E C  s t an d ard .  Te c h n o l o g i c al  ad va n c e s  m ay l e ad  to  d e ve l o p m e n t s  o f  th e s e  e x am p l e s .  

3.2.1   
combined  design  
CD 
m e tal  s cre e n  th at  co m b i n e s  rad i al  wate rti g h tn e s s  an d  e l e ctri cal  pro p e rti e s  

N o t e  1  to  e n try:  M o re  d e tai l s  are  g i ve n  i n  C l au s e  A. 1 .  

3.2.2   
separate  design  
SD 
d e s i g n  wi th  rad i al  wate rti g h tn e s s  an d  e l e ctri cal  pro pe rti e s ,  m an ag e d  b y d i ffe re n t  m e tal  
co m p o n e n ts  

N o t e  1  to  e n try:  M o re  d e tai l s  are  g i ve n  i n  C l au s e  A. 2 .  

3.2.3   
separate  semi -conductive  design  
SscD 
d e s i g n  wi th  s e parate d  e l e ctri cal  an d  rad i al  wate rti g h tn e s s  p ro p e rti e s  wi th  s e m i - co n d u cti ve  
pl as ti c  co ate d  fo i l  

N o t e  1  to  e n try:  M o re  d e tai l s  are  g i ve n  i n  C l au s e  A. 3 .  

3.3  Other defin i tions  

3.3.1   
cable  system  
cabl e  wi th  i n s tal l e d  acce s s o ri e s  i n cl u d i n g  co m p o n e n ts  u s e d  fo r  th e rm o m e ch an i cal  re s trai n t  o f  
s ys te m s  l i m i te d  to  th o s e  u s e d  fo r te rm i n ati o n s  an d  j o i n ts  o n l y  

4 Development  tests  

4.1  Tests  on  cables 

4. 1 .1  Impact  test  

Th e re  are  th re e  cl as s e s  fo r  re s i s tan ce  o f  th e  cabl e  s h e ath  to  m e ch an i cal  i m pact  d e pe n d i n g  o n  
th e  d e s i g n  an d  i n s tal l ati o n  co n d i ti o n s  o f  th e  cabl e ,  s e e  Tab l e  1 .  
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Table  1  – Impact  test  requ irements  

Impact  test  Design  CD Design  SD Design  SscD  a  

H e i g h t  ( m )  0 , 2 7  1  N /A 

We i g h t  ( kg )  2 7  5  N /A 

R ad i u s  (R)  ( m m )  1  2  N /A 

N u m b e r o f  i m p ac ts  
p e r  l o c ati o n  

4  i m p ac ts  p e r  l o c ati o n  1  i m p ac t  p e r  l o c a ti o n  N /A 

N u m b e r o f  l o cati o n s  2  d i ffe re n t  p o i n ts  ( s e e  
F i g u re  2  fo r  l o ca ti o n s )  

5  d i ff e re n t  p o i n t s  m o re  
t h an  1 0 0  m m  ap art  

N /A 

a  I m p ac t  te s t  i s  n o t  n e e d e d  as  t h i s  cab l e  d e s i g n  i s  n o t  i n te n d e d  to  b e  d i re ct l y  b u ri e d .  

 

 

Figure 1  – Test  apparatus  for  the  impact  test  

Sample:  A pi e ce  o f  cab l e ,  at  l e as t  1  m  i n  l e n g th .  

Test:  

a)  Test  on  CD design  

Th e  cab l e  s h o u l d  b e  i n s tal l e d  o n  a  ri g i d  m e tal  bas e .  

Th e  te s t  s h o u l d  be  u n d e rtake n  at  a  te m p e ratu re  o f  ( 2 0  ±  1 5 )  ° C  u s i n g  a  we i g h te d  m e tal  o f  
2 7  kg ,  we d g e  o f  9 0 ° ,  fal l i n g  o n to  th e  cabl e  fro m  a  h e i g h t  o f  0 , 2 7  m .  Th e  we d g e  s h o u l d  
h ave  a  rad i u s  o f  cu rvatu re  o f  R =  1  m m  at  th e  po i n t  o f  i m p act  an d  i ts  axi s  s h o u l d  b e  
p e rp e n d i cu l ar to  th at  o f  th e  cab l e  ( Fi g u re  1 ) .  

Th e  re q u i re m e n ts  fo r  th e  i m pact  te s t  are  pre s e n te d  i n  Tab l e  1 .  

Th e  te s t  s h o u l d  be  p e rfo rm e d  o n  th e  o ve rl ap  o r  o n  th e  we l d e d  s e am  ( I m p act  po i n t  A)  an d  
o n  th e  o pp o s i te  s i d e  o f  th e  cabl e  ( I m pact  po i n t  B )  ( s e e  F i g u re  2 ) .  

 

Figure  2  – Posi tions  of  the  points  of  impact  

Resu l t:  Vi s u al  i n s p e cti o n  an d  m e as u re m e n t  o f  i m pact  d e p th .  

R 

IEC  

IEC  

A 

B  
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Afte r th e  i m p acts ,  th e  s am pl e  s h o u l d  be  cu t  l o n g i tu d i n al l y  al o n g  two  l i n e s  at  9 0 °  fro m  th e  
p o i n ts  o f  i m p act.  Th e  i n n e r  s i d e  o f  th e  m e tal  s cre e n  o r  m e tal  s h e ath  s h o u l d  be  e xam i n e d  
wi th  n o rm al  vi s i o n :  

– th e re  s h o u l d  b e  n o  pu n ctu re  at  th e  po i n ts  o f  i m pact  A an d  B ;  

– a  l o n g i tu d i n al  cu t  s h o u l d  be  m ad e  th ro u g h  th e  po i n ts  o f  i m pact  A an d  B  ( Fi g u re  3 ) .  Th e  
i n s u l ati o n  s h o u l d  n o t  be  d e fo rm e d  by m o re  th an  1  m m  ( d i s tan ce  d,  s e e  Fi g u re  3 )  an d  
s h o u l d  n o t  s h o w a d e fl e cti o n  h avi n g  a  s h arp an g l e  i n to  th e  i n s u l ati o n  at  th e  po i n t  o f  
i m pact.  

 

Key 

1  o ve rs h e a th  

2  s c re e n  o r  m e t al  s h e a th  

3  o u te r  s e m i c o n d u c ti ve  l a ye r  

4  p e n e trat i o n  i n to  t h e  i n s u l a ti o n  

Figure  3  – Deformation  at  the  impact  points  to  be  examined  

b)  Test  on  SD  design  

Th e  cab l e ,  at  l e as t  1  m  i n  l e n g th ,  s h o u l d  be  i n s tal l e d  o n  a  ri g i d  m e tal l i c  bas e .  Th e  te s t  

s h o u l d  be  u n d e rtake n  at  ( 2 0  ±  1 5 )  ° C  u s i n g  a  we i g h te d  m e tal  we d g e  o f  5  kg  fal l i n g  o n to  
th e  cabl e  fro m  a  h e i g h t  o f  1  m .  Th e  9 0 °  we d g e  s h o u l d  h ave  a  rad i u s  o f  cu rvatu re  o f  
R =  2  m m  at  th e  po i n t  o f  i m pact  an d  i ts  axi s  s h o u l d  be  pe rpe n d i cu l ar to  th at  o f  th e  cabl e  
( Fi g u re  1 ) .  

An  i m pact  s h o u l d  b e  s u cce s s i ve l y m ad e  at  f i ve  d i ffe re n t  p o i n ts  al o n g  th e  cab l e ;  th e  
d i s tan ce  be twe e n  an y two  i m pact  po i n ts  s h o u l d  be  at  l e as t  1 0 0  m m .  

Resu l t:  Vi s u al  i n s p e cti o n  

A 1  m  s am pl e  s h o u l d  be  d i s s e cte d  an d  vi s u al l y  e xam i n e d .  E xam i n ati o n  o f  th e  s am p l e s  
wi th  n o rm al  o r  co rre cte d  vi s i o n  wi th o u t  m ag n i fi cati o n  s h o u l d  re ve al  n o  cracks  o r  
s e parati o n  o f  th e  m e tal  fo i l  o f  l am i n ate d  pro te cti ve  co ve ri n g s  o r h arm fu l  d am ag e  to  o th e r 
p arts  o f  th e  cabl e .  

c)  Test  on  SscD design  

N o  te s t  i s  n e e d e d  d u e  to  th e  s pe ci fi c  i n s tal l ati o n  co n d i ti o n s .  

4.1 .2  Abrasion  test  

Th e  abras i o n  te s t  s h o u l d  be  carri e d  o u t  i f  th e  o ve rs h e ath  m ate ri al  i s  n o t  o f  type  S T2  ( P VC )  o r 
S T7  ( M D P E  – H D P E )  as  m e n ti o n e d  i n  I E C  6 0 8 40 [3 ]  an d  I E C  6 2 0 6 7 [4 ] .  

Th e  ab ras i o n  te s t  s h o u l d  b e  pe rfo rm e d  o n  n e w m ate ri al s ,  wh e re  s ati s facto ry fe e d back o n  
abras i o n  re s i s tan ce  fro m  o pe rati o n  h as  n o t  be e n  pro vi d e d .  

Test:  

A co m p l e te  p i e ce  o f  cabl e  s h o u l d  be  t i g h tl y  f i xe d  to  a  m e tal  bas e .  
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A co n i cal  te s t  pi e ce  s h o u l d  b e  appl i e d  to  th e  u ppe r s u rface  l i n e  o f  th e  cabl e .  Th e  co n i cal  
pi e ce  s h o u l d  h ave  a  rad i u s  o f  cu rvatu re  at  i ts  p o i n t  o f  co n tact  o f  1  m m  an d  th e  an g l e  to  th e  
s u rface  l i n e  o f  th e  cab l e  s h o u l d  be  9 0 ° .  Th e  m as s  o f  th e  pi e ce  s h o u l d  be  o f  4 8  kg .  Th e  co n i cal  
s u rface  s h o u l d  be  s m o o th .  

Th e  co n i cal  p i e ce  s h o u l d  be  s u bj e cte d  to  a  to  an d  fro  m o ti o n ,  at  co n s tan t  s pe e d ,  be twe e n  th e  
m arks  A an d  B  as  s h o wn  i n  Fi g u re  4 :  

 

Figure  4  – Test  arrangement  for  the  abrasion  test  

Th e  ch aracte ri s ti cs  o f  th e  te s t  s h o u l d  be  as  fo l l o ws :  

•  d i s tan ce  b e twe e n  A an d  B :  5 0  cm  ±  1 0  cm ;  

•  s pe e d  o f  th e  co n i cal  pi e ce  be twe e n  po i n ts  A an d  B :  0 , 3  m /s  wi th  a  to l e ran ce  o f  ±1 5  %;  

•  fo u r to  an d  fro  m o ti o n s  o f  th e  co n i cal  pi e ce .  

At  th e  e n d  o f  th e  te s t,  i t  s h o u l d  n o t  b e  po s s i bl e  to  s e e ,  wi th  n o rm al  o r  co rre cte d  vi s i o n  an d  
wi th o u t  m ag n i fi cati o n ,  th e  m e tal  s cre e n  u n d e r th e  o ve rs h e ath  b e twe e n  th e  A an d  B  m arks .  

Case of  SscD design  

N o  te s t  i s  n e e d e d  d u e  to  th e  s pe ci fi c  i n s tal l ati o n  co n d i ti o n s .  

4.1 .3  Sidewal l  l oad ing  test  

C u rre n t  i n s tal l ati o n  practi ce  al l o ws  fo r  a  s i d e wal l  l o ad i n g  te s t,  acco rd i n g  to  Tab l e  2  ,  wh e n  th e  
o ve rs h e ath  m ate ri al s  are  S T2  o r  S T7  as  m e n ti o n e d  i n  4 . 1 . 2 .  

Th e  te s t  s h o u l d  b e  carri e d  o u t  i f  th e  d e s i g n e d  val u e  o f  s i d e wal l  l o ad i n g  d u ri n g  i n s tal l ati o n  i s  
e xpe cte d  to  b e  h i g h e r th an  th e  o n e  i n d i cate d  i n  Tab l e  2 ,  pro vi d e d  th e  cab l e  h as  s u cce s s fu l l y  
pas s e d  th e  i m pact  ( 4 . 1 . 1 )  an d  abras i o n  ( 4 . 1 . 2 )  te s ts .  

Fo r s p e ci al  cabl e  d e s i g n  ( i . e .  wh e re  o p ti cal  e l e m e n ts  are  i n te g rate d  i n to  th e  p o we r cab l e  
s tru ctu re ) ,  i t  i s  re co m m e n d e d  to  carry o u t  th e  te s t  e ve n  i f  th e  s i d e wal l  l o ad i n g  d u ri n g  
i n s tal l ati o n  d o e s  n o t  e xce e d  th e  val u e s  i n  Tabl e  2 .  

Table  2  – Maximum  acceptable  sidewal l  load ings 

Design  CD/ST7 CD/ST7  +  wi res  SD/ST7 SscD/ST2  

T/R ( kN /m )  a  2 5  1 0  1 0  7 , 5  

a  T =  t e n s i o n  i n  th e  cab l e ,  R  =  b e n d i n g  rad i u s .  
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Test:  

A cab l e  s am p l e  1 5  m  i n  l e n g th  s h o u l d  be  te s te d  u s i n g  a  te s t  arran g e m e n t s u ch  as  th at  s h o wn  
i n  F i g u re s  5 a,  5 b  o r  5 c.  

 

 

Key  

1  f i x e d  wh e e l  ( rad i u s  R)  

2  ca b l e  s am p l e  

3  s t e e l  wi re  

4  te n s i o n e r 

5  l o ad  c e l l  

6 , 8  a n c h o ri n g  

7  re c o rd e r 

9  wi n c h  

Key  

1  f i x e d  wh e e l  

2  wi n c h  

3  h yd rau l i c  p u l l i n g  d e vi c e  

Figure  5a  – Example  (Arrangement  A)   
for  the  si dewal l  l oad ing  test  

Fi gure  5b  – Example  (Arrangement  B)  
for  the  si dewal l  l oad ing  test  

 

 

Key    

1  f i xe d  wh e e l  ( rad i u s  R)  4  l o ad  c e l l  7  t o w ro p e  

2  c ab l e  s am p l e  5  a n c h o ri n g  8  t o wi n g  d e vi ce  

3  s t e e l  wi re  6  s h e ave  b l o ck 9  c h ai n  b l o ck 

Figure  5c  – Example  (Arrangement  C)  for  the  s idewal l  l oad ing  test  

Figure  5  – Sidewal l  load ing  test  arrangements  
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Th e  cab l e  s h o u l d  be  s u bj e cte d  to  o n e  pas s  fo rward  an d  o n e  p as s  backward  aro u n d  a  f i xe d  
wh e e l  u n d e r th e  as s i g n e d  s i d e wal l  l o ad i n g  (T/R) ,  cal cu l ate d  u s i n g  th e  te n s i o n  i n  th e  s te e l  wi re  
(T)  an d  th e  wh e e l  rad i u s  (R) .  Th e  rad i u s  s h o u l d  n o t  be  g re ate r th an  th e  rad i u s  u s e d  fo r th e  
be n d i n g  te s t  ( s e e  5 . 1 ) .  Th e  cab l e  s h o u l d  be  i n  co n tact  wi th  th e  wh e e l  fo r  at  l e as t  9 0 °  d u ri n g  
th e  te s t.  Lu bri can t  s h o u l d  be  appl i e d  at  th e  co n tact  p o i n t  o n  th e  wh e e l .  

Th e  te s t  m ay be  m ad e  b y o th e r  m e an s ,  fo r  e xam p l e  b y pu l l i n g  a  cab l e  1 8 0 °  aro u n d  a  fi xe d  
wh e e l  ( F i g u re  5 b  o r  F i g u re  5 c) .  A n u m be r o f  s m al l  d i am e te r ro l l e rs  ( 5 0  m m  to  1 0 0  m m )  can  
al s o  be  u s e d .  

Th e  u s e  o f  ro l l e rs  m ay re s u l t  i n  ve ry h i g h  l o cal  pre s s u re .  Th e  am o u n t  o f  pre s s u re  d e pe n d s  o n  
m an y param e te rs :  d i am e te r o f  th e  ro l l e rs ,  be n d i n g  rad i u s ,  d i s tan ce  b e twe e n  ro l l e rs ,  cabl e  
s ti ffn e s s ,  e tc.  Th e  m e th o d /ru l e  to  d e fi n e  th e  d i am e te r  o f  th e  ro l l e rs  an d  th e  d i s tan ce  b e twe e n  
th e  ro l l e rs  s h o u l d  b e  s e t  acco rd i n g  to  th e  practi ce  o f  th e  cab l e  m an u factu re r an d  th e  
i n fo rm ati o n  p re s e n te d  i n  C I G R E  TB  1 9 4 : 2 0 0 1 ,  parag raph  4 . 2 . 1 . 3  [5 ] .  

Resu l t:  vi s u al  i n s p e cti o n  

A 1  m  s am pl e  s u bj e cte d  to  th e  s i d e wal l  l o ad i n g  s h o u l d  be  d i s s e cte d  an d  vi s u al l y  e xam i n e d .  
E xam i n ati o n  o f  th e  s am pl e s  wi th  n o rm al  o r  co rre cte d  vi s i o n  wi th o u t  m ag n i fi cati o n  s h o u l d  
re ve al  n o  cracks  o r  s e parati o n  o f  th e  m e tal  fo i l  o f  l am i n ate d  p ro te cti ve  co ve ri n g s ,  o r  h arm fu l  
d am ag e  to  o th e r p arts  o f  th e  cab l e .  

4.1 .4  Long-term  ageing  of  adhesive  bonds  of  components  of  l aminated  covering  

Test  cond i tions 

A 1  m  s am pl e  be n t  i n  5 . 1  s h o u l d  be  pl ace d  i n  a  s o l u ti o n  o f  1  % N aC l ,  1  % N a 2 S O 4  wi th  N aOH  

ad d e d  to  ad j u s t  a  pH  o f  8 , 5  ±  0 , 5 .  Th e  s o l u ti o n  s h o u l d  be  m ai n tai n e d  at  ( 8 0  ±  3 )  ° C  d u ri n g  th e  
te s t.  Th e  cab l e  wi th  bo th  e n d s  s e al e d  s h o u l d  be  i m m e rs e d  at  a  d e pth  o f  at  l e as t  0 , 5  m .  

Th e  cabl e  s am p l e  s h o u l d  be  re m o ve d  fro m  th e  s o l u ti o n  afte r  3  0 0 0  h  o f  i m m e rs i o n  an d  s h o u l d  
co m p l y wi th  th e  fo l l o wi n g  re q u i re m e n ts .  

Requirements 

Th e  ad h e s i o n  s tre n g th  an d  pe e l  s tre n g th  o f  th e  m e tal  fo i l  s h o u l d  be  m e as u red  at  ro o m  
te m p e ratu re  i n  acco rd an ce  wi th  6 . 1 .  Th e  re s u l ts  s h o u l d  co m p l y wi th  th e  re q u i re m e n ts  o f  
Tab l e  3 .  

A 1  m  s am p l e  s h o u l d  b e  d i s s e cte d  an d  vi s u al l y  e xam i n e d .  E xam i n ati o n  o f  th e  s am p l e  wi th  
n o rm al  o r  co rre cte d  vi s i o n  wi th o u t  m ag n i fi cati o n  s h o u l d  re ve al  n o  cracks  an d  n o  co rro s i o n  o f  
th e  m e tal  s h e e t  o f  th e  l am i n ate d  pro te cti ve  co ve ri n g  an d  n o  h arm fu l  d am ag e  to  o th e r parts  o f  
th e  cab l e .  

4.1 .5  Mechanical  properties  of  the  weld  (case of  CD design)  

Test  arrangement  

Th e  te s t  arran g e m e n t i s  d e s cri b e d  i n  F i g u re  6 .  Th e  te s t  s am p l e s  s h o u l d  b e  pre p are d  e i th e r  by 
d e cre as i n g  th e  s h e ath  th i ckn e s s  d o wn  to  0 , 5  m m ,  s o  th e  m e tal  s u rface  i s  n o t  al te re d  an d  th e  
m e ch an i cal  co n tri bu ti o n  o f  th e  s h e ath  re m ai n i n g  th i ckn e s s  i s  n e g l i g i b l e  as  co m pare d  to  th e  
m e tal  l am i n ate ,  o r taki n g  th e  s am pl e s  j u s t  be fo re  e xtru s i o n  o f  th e  pl as ti c  s h e ath .  Th e  e d g e s  o f  
th e  s am p l e s  s h o u l d  b e  s m o o th e d  o r  l as e r  cu t  to  avo i d  i n i ti ati o n  o f  cracks  fro m  a cu tti n g  
d e fe ct.  

Th e  te s t  s h o u l d  be  pe rfo rm e d  at  am bi e n t  te m pe ratu re .  Th e  d i s tan ce  b e twe e n  g ri ps  s h o u l d  be  
abo u t  1 0 0  m m ;  th e  s am pl e  wi d th  s h o u l d  b e  be twe e n  1 0  m m  an d  5 0  m m .  Th e  s e p arati o n  rate  
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o f  th e  g ri ps  o f  th e  te n s i l e  te s ti n g  m ach i n e  s h o u l d  b e  2 0  m m /m i n .  Th e  te s t  s h o u l d  be  p e rfo rm e d  
o n  5  s am pl e s  i n cl u d i n g  th e  we l d e d  z o n e  an d  o n  5  s am pl e s  n o t  i n cl u d i n g  a  we l d e d  z o n e .  

Two  m arks  s h o u l d  be  d rawn  o n  th e  s am pl e ,  o n e  o n  e ach  s i d e  o f  th e  we l d .  R e fe re n ce  m arks  
s h o u l d  b e  take n  at  n o t  l e s s  th an  1 0  m m  fro m  th e  we l d ,  at  e ach  s i d e ,  as  s h o wn  i n  Fi g u re  6 .  

Resu l ts  

Th e  m e d i an  val u e s  o f  te n s i l e  s tre n g th  an d  e l o n g ati o n  at  bre ak s h o u l d  b e  cal cu l ate d .  

Th e  m e d i an  e l o n g ati o n  at  b re ak ( E B )  an d  th e  m e d i an  te n s i l e  s tre n g th  ( TS )  o f  th e  s am p l e s  wi th  
th e  we l d  s h o u l d  b e  m o re  th an  70  % ( fo r  E B )  an d  m o re  th an  8 0  % ( fo r  TS )  o f  th at  o f  th e  " n o n  
we l d e d  s am p l e s " ,  m e as u re d  be twe e n  th e  two  m arks .  

Dimensions in millimetres 

 

Key 

1 , 5  g ri p  

2 , 4  re f e re n c e  m ark 

3  we l d  

Figure  6  – Test  arrangement  for  the  measurement  
of  the  mechanical  properties  of  the  weld  

4.2  Tests  on  cable  systems 

4.2.1  General  

Th e  s tate d  m axi m u m  te m pe ratu re  o f  th e  m e tal  s cre e n  o r  m e tal  wi re s  i s  h i g h e r th an  th e  o n e  
s tate d  i n  I E C  6 1 4 4 3 [6 ] .  Th e s e  ch an g e s  are  co n s i s te n t  wi th  th e  re q u i re m e n ts  o f  th e  s h o rt-
ci rcu i t  te s t  ( vi s u al  e xam i n ati o n ) .  Th e y h ave  be e n  ve ri fi e d  th ro u g h  e xp e ri m e n tal  te s ti n g  ( re fe r 
to  C I G R E  R e po rt  B 1 - 1 0 1 : 2 0 0 8  [7 ] ) ,  an d  are  u s e d  i n  s o m e  n ati o n al  s tan d ard s .  
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4.2.2  Short-circu i t  test  

I n  th e  cas e  o f  a  s i n g l e  ph as e  s h o rt- ci rcu i t,  th e  cu rre n t  can  f l o w th ro u g h  th e  m e tal  s cre e n ,  th e  
m e tal  s cre e n /acce s s o ry co n n e cti o n  an d  th e  g ro u n d  l e ad  o f  th e  j o i n t  o r  th e  te rm i n ati o n .  

Th e  fo l l o wi n g  te s t  h as  be e n  d e s i g n e d  to  te s t  th e s e  co m po n e n ts  an d  co n n e cti o n s  i n  a  s i m p l e  
way.  I t  s i m u l tan e o u s l y  te s ts  th e  cab l e ,  th e  co n n e cti o n  to  acce s s o ri e s ,  th e  acce s s o ri e s ,  th e  
g ro u n d i n g  co n n e cti o n  an d  th e  g ro u n d i n g  cab l e s .  

I f  th e  re q u e s te d  s h o rt  cu rre n t  i s  h i g h e r th an  5 0  kA an d  n o  s u i tabl e  e q u i pm e n t i s  avai l ab l e ,  th e  
app l i e d  cu rre n t  m ay b e  m i n i m u m  5 0  kA an d  th e  t i m e  i n cre as e d  to  re ach  th e  cal cu l ate d  
te m p e ratu re .  

Sample 

Th e  te s t  p i e ce  s h o u l d  be  abo u t  5  m  l o n g  an d  co n s i s t  o f  a  cab l e  wi th  a  j o i n t  an d /o r te rm i n ati o n  
co n n e cti o n .  Th e re  s h o u l d  be  at  l e as t  2  m  o f  cabl e  o n  e ach  s i d e  o f  th e  j o i n t,  e arth  co n n e cti o n  
an d  g ro u n d  co n n e cti o n  cabl e s  s h o u l d  b e  at  l e as t  2 m  l o n g  as  we l l .  

I f  two  d i ffe re n t  m e tal  fo i l s  are  co n n e cte d  to g e th e r i n s i d e  th e  cabl e  l e n g th  d u ri n g  
m an u factu ri n g ,  s u ch  a  m e tal  fo i l  co n n e cti o n  s h o u l d  be  i n cl u d e d  i n  th e  te s t.  

Test  arrangement  

I n  Fi g u re  7 ,  th e  s h o rt  ci rcu i t- te s t  arran g e m e n t  i s  g i ve n  fo r  th re e  ki n d s  o f  j o i n ts :  

•  s trai g h t  th ro u g h  j o i n t;  

•  j o i n t  wi th  e arth  co n n e cti o n ;  

•  s e cti o n al i z e d  j o i n t.  
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Key 

1  s h o rt- ci rcu i t  cu rre n t  I N  4  j o i n t  wi th o u t  e arth i n g  

2  s h o rt- ci rcu i t  cu rre n t  O U T 5  e l e c t ri cal  co n n e c ti o n  b e t we e n  c o n d u cto r  a n d  s h i e l d  

3  s c re e n  c o n ti n u i t y   

Figure  7a  – Straigh t  th rough  jo in t  

 
Key 

1  s h o rt- ci rcu i t  cu rre n t  I N  4  j o i n t  wi th  e arth  c o n n e c ti o n  

2  s h o rt- ci rcu i t  cu rre n t  O U T 5  e l e c tri cal  c o n n e c ti o n  b e t we e n  c o n d u cto r  a n d  s h i e l d  

3  s c re e n  c o n ti n u i ty   

Figure  7b  – Join t  wi th  earth  connection  

 

Key 

1  s h o rt- ci rcu i t  cu rre n t  I N  5  s e c ti o n al i z e d  j o i n t  

2  s h o rt- ci rcu i t  cu rre n t  O U T 6  b o n d i n g  l e ad s  c o n n e c te d  to g e th e r 

3  b o n d i n g  wi re s  7  e l e ct ri cal  co n n e c ti o n  b e twe e n  co n d u cto r  an d  s h i e l d  

4  b o n d i n g  l e ad   

Figure  7c  – Sectional i zed  jo in t  

Figure  7  – Short-circu i t  test  arrangement  for  three  kinds  of  join ts  

Rating  

Th e  s h o rt- ci rcu i t  rati n g  s h o u l d  b e  d e te rm i n e d  b y cal cu l ati o n .  

Th e  m axi m u m  s h o rt- ci rcu i t  d u rati o n  i s  5  s .  

As ym m e try sh o u l d  n o t  be  take n  i n to  acco u n t.  

Calcu lation  of  short-ci rcu i t  rating  for  design  CD 

C al cu l ati o n s  s h o u l d  b e  pe rfo rm e d  acco rd i n g  to  I E C  6 0 9 4 9 [8 ] :  

•  fo r  th e  cal cu l ati o n  o f  th e  n o n  ad i abati c  facto r fo r  o ve rs h e ath s ,  th e  fo rm u l a o f  g i ve n  i n  
I E C  6 0 9 4 9 : 1 9 8 8 ,  6 . 1  s h o u l d  be  app l i e d ;  
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•  th e  facto r F ( facto r to  acco u n t  fo r  i m p e rfe ct  th e rm al  co n tact)  s h o u l d  b e  0 , 9 ;  

•  th e  m axi m u m  te m pe ratu re  o f  th e  m e tal  s cre e n  d u ri n g  th e  s h o rt- ci rcu i t  s h o u l d  be  2 5 0  ° C .  

Short-circu i t  rating  for  design  SD  or  CD  plus  wires 

C al cu l ati o n s  s h o u l d  b e  m ad e  acco rd i n g  to  I E C  6 0 9 4 9 :  

•  th e  cu rre n t  s h are  b e twe e n  th e  two  d i ffe re n t  m e tal  s cre e n  co m p o n e n ts  i s  e q u al  to  th e  
i n ve rs e  rati o  o f  th e i r  re s pe cti ve  re s i s tan ce s ;  

•  fo r  th e  cal cu l ati o n  o f  th e  " n o n  ad i abati c  facto r"  fo r  o ve rs h e ath s ,  th e  fo rm u l a g i ve n  i n  
I E C  6 0 9 4 9 : 1 9 8 8 ,  6 . 1  s h o u l d  be  appl i e d ;  

•  th e  facto r F ( facto r to  acco u n t  fo r  i m pe rfe ct  th e rm al  co n tact)  s h o u l d  be  0 , 9  fo r  th e  
l am i n ate d  co ve ri n g  an d  0 , 7  fo r  th e  s cre e n  wi re s ;  

•  th e  m axi m u m  te m pe ratu re  o f  th e  s cre e n  wi re s  d u ri n g  s h o rt- ci rcu i t  s h o u l d  b e  2 5 0  ° C .  

Wh e n  th e re  i s  a  l aye r  th e rm al l y  s e parati n g  th e  s cre e n  wi re s  fro m  o th e r m ate ri al s  i n  th e  cabl e ,  
a  te m p e ratu re  o f  3 5 0  ° C  s h o u l d  be  al l o we d .  

Short-circu i t  rating  for  design  SscD 

C al cu l ati o n s  s h o u l d  be  pe rfo rm e d  acco rd i n g  to  I E C  6 0 9 4 9 :  

•  th e  cu rre n t  s h are  b e twe e n  th e  two  d i ffe re n t  m e tal  s cre e n  co m p o n e n ts  i s  e q u al  to  th e  
i n ve rs e  rati o  o f  th e i r  re s pe cti ve  re s i s tan ce s ;  

•  fo r  th e  cal cu l ati o n  o f  th e  " n o n  ad i abati c  facto r"  fo r  o ve rs h e ath s ,  th e  fo rm u l a g i ve n  i n  
I E C  6 0 9 4 9 : 1 9 8 8 ,  6 . 1  s h o u l d  be  app l i e d ;  

•  th e  facto r F ( facto r  to  acco u n t  fo r  i m pe rfe ct  th e rm al  co n tact)  s h o u l d  b e  0 , 9  fo r th e  
l am i n ate d  co ve ri n g  an d  0 , 7  fo r  th e  s cre e n  wi re s ;  

•  th e  s h o rt- ci rcu i t  te m pe ratu re  co n s i d e re d  i n  I E C  6 1 4 4 3  i s  2 0 0  ° C  fo r th e  l am i n ate d  
co ve ri n g .  N ati o n al  ru l e s  o r  m an u factu re rs ’  re co m m e n d ati o n s  m i g h t  s u pe rs e d e  th e s e  
val u e s .  

Test  

Th re e  s h o rt- ci rcu i ts  s h o u l d  b e  ap pl i e d  s u cce s s i ve l y to  th e  as s e m b l y:  

•  b e fo re  th e  s h o rt- ci rcu i t  te s t,  th e  cabl e  co n d u cto r s h o u l d  be  h e ate d  an d  s tabi l i z e d  fo r  at  
l e as t  2  h  at  a  te m p e ratu re  be twe e n  9 0 ° C  an d  9 5  ° C ;  

•  th e  s h o rt- ci rcu i ts  s h o u l d  b e  s e p arate d  b y an  i n te rval  o f  t i m e  l o n g  e n o u g h  to  co o l  d o wn  th e  
cabl e  s cre e n  to  wi th i n  5  K o f  i ts  i n i t i al  te m p e ratu re .  

Resu l t:  vi s u al  e xam i n ati o n  an d  i n te g ri ty  o f  th e  l am i n ate  

A 1  m  cabl e  s am p l e  i n cl u d i n g  th e  m e tal  fo i l  co n n e cti o n ,  i f  an y,  s h o u l d  be  d i s s e cte d  an d  
vi s u al l y  e xam i n e d .  E xam i n ati o n  o f  th e  s am pl e  wi th  n o rm al  o r  co rre cte d  vi s i o n  wi th o u t  
m ag n i fi cati o n  s h o u l d  re ve al  n o  cracks  o r  s e parati o n  o f  th e  m e tal  fo i l  o f  l am i n ate d  pro te cti ve  
co ve ri n g s  o r d am ag e  to  o th e r  parts  o f  th e  cab l e .  

Th e re  s h o u l d  b e  n o  s i g n  o f  h arm fu l  d e te ri o rati o n  o f  th e  cab l e /j o i n t  s cre e n  co n n e cti o n ,  n e i th e r 
at  th e  cro s s  b o n d i n g  l e ad s  n o r at  th e  g ro u n d i n g  co n n e cti o n s .  

Th e  ad h e s i o n  s tre n g th  an d  pe e l  s tre n g th  s h o u l d  b e  acco rd i n g  to  Tabl e  3 .  
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Range of  approval  

Th e  cabl e  s ys te m  d e s i g n  wi l l  b e  q u al i fi e d  fo r  o th e r cro s s - s e cti o n s  an d  vo l tag e s ,  pro vi d e d  th at  
th e  cal cu l ate d  te m pe ratu re  at  th e  e n d  o f  th e  s h o rt- ci rcu i t  an d  th e  m axi m u m  cu rre n t  fo r  th e  
o th e r cro s s - s e cti o n s ,  i f  l o we r th an  5 0  kA,  are  b o th  l o we r o r  e q u al  to  th e  o n e  te s te d .  

4.2.3  Corrosion  at  the  accessories 

Th e  te s t  s h o u l d  be  pe rfo rm e d  acco rd i n g  to  I E C  6 2 0 6 7 : 2 0 1 1 ,  An n e x G  o r  I E C  6 0 8 4 0 : 2 0 1 1 ,  
An n e x G .  

Th e  te s t  s h o u l d  be  carri e d  o u t  u s i n g  n atu ral  o r  tap  wate r.  D e i o n i z e d  wate r  s h o u l d  n o t  b e  u s e d .  

Resu l t:  e xam i n ati o n  

Th e re  s h o u l d  b e  n o  s i g n  o f  co rro s i o n  o f  an y m e tal  part  o f  th e  acce s s o ry,  i n  p arti cu l ar  th e  
co n n e cti o n  o f  th e  cabl e  to  th e  acce s s o ry,  th e  acce s s o ry s cre e n ,  o r  th e  acce s s o ry b o n d i n g  
l e ad s .  

5  Type tests  

5.1  Test  on  cables  – Bending  test  

Th e  b e n d i n g  te s t  i s  carri e d  o u t  be fo re  th e  fo l l o wi n g  te s ts :  

•  l o n g - te rm  ag e i n g  o f  th e  ad h e s i ve  bo n d s  o f  th e  co m po n e n ts  o f  th e  l am i n ate d  co ve ri n g ;  

•  e l e ctri cal  te s ts .  

Th e  cabl e  s am pl e  s h o u l d  be  be n t  aro u n d  a te s t  cyl i n d e r ( fo r e xam p l e ,  th e  h u b  o f  a  d ru m )  at  
am b i e n t  te m p e ratu re  fo r  at  l e as t  o n e  co m p l e te  tu rn  an d  u n wo u n d ,  wi th o u t  axi al  ro tati o n .  Th e  
s am p l e  s h o u l d  th e n  be  ro tate d  th ro u g h  1 8 0 °  an d  th e  pro ce s s  re pe ate d .  Th i s  cycl e  o f  
o pe rati o n s  s h o u l d  b e  carri e d  o u t  th re e  t i m e s  i n  to tal .  

Th e  d i am e te r  o f  th e  te s t  cyl i n d e r s h o u l d  n o t  b e  g re ate r th an  

•  2 0  (D  +  d)  + 5  % fo r  C D ,  

•  2 5  (D  +  d)  + 5  % fo r  S D  an d  C D  +  wi re s ,  

•  1 0  Ds  +  5  % fo r  S s cD .  

wh e re  

D  i s  th e  n o m i n al  o ve ral l  d i am e te r o f  th e  cab l e ;  

d i s  th e  n o m i n al  d i am e te r  o f  th e  co n d u cto r;  

Ds   i s  th e  n o m i n al  d i am e te r o f  th e  s h i e l d i n g  l aye r.  

A n e g ati ve  to l e ran ce  i s  n o t  s pe ci fi e d ,  bu t  te s ti n g  at  d i am e te rs  b e l o w th e  s pe ci fi e d  val u e s  
s h o u l d  o n l y be  carri e d  o u t  b y  ag re e m e n t  wi th  th e  m an u factu re r.  

Resu l t  

O n e  s am p l e  o f  3  m  l e n g th  s h o u l d  be  e xam i n e d .  Th e re  s h o u l d  be  n o  d e l am i n ati o n ,  fo l d i n g  o f  
th e  m e tal  fo i l ,  rad i al  bu ckl i n g  o r  cro s s i n g  o f  th e  s cre e n  wi re s .  

Ad h e s i o n  an d  pe e l  te s t  s h o u l d  be  carri e d  o u t  an d  th e  re s u l ts  s h o u l d  co m p l y wi th  th e  
re q u i re m e n ts  o f  Tab l e  3 .  
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I n  th e  cas e  o f  S ccD ,  n o  d e l am i n ati o n  s h o u l d  o ccu r.  

5.2  Tests  on  cable  system 

Th e  te s ts  an d  th e  s e q u e n ce  o f  te s ts  fo l l o ws  th e  re l e van t  I E C  s tan d ard  ( I E C  6 0 8 40  o r 
I E C  6 2 0 6 7)  b u t  th e  be n d i n g  te s t  s h o u l d  be  re p l ace d  b y th e  o n e  d e fi n e d  i n  5 . 1 .  

Th e  e xam i n ati o n  at  th e  e n d  o f  th e  typ e  te s t  s h o u l d  i n cl u d e  a  p i e ce  o f  cabl e ,  to  s h o w th at  th e re  
i s  n o  d e l am i n ati o n  o r  fo l d i n g  o f  th e  m e tal  fo i l ,  rad i al  b u ckl i n g  o r  cro s s i n g  o f  th e  s cre e n  wi re s .  

6 Sample test  on  cables 

6.1  Adhesion  and  peel  strength  of  the  laminated  metal  foi l  

Ad h e s i o n  an d  pe e l  s tre n g th  are  d e fi n e d  as  

F/w 

wh e re  

F i s  th e  fo rce  ( N ) ;  

w i s  th e  wi d th  o f  tape  ( m m ) .  

I n  th e  cas e  o f  a  C D  d e s i g n ,  th e  co n ce rn  i s  th at  d e l am i n ati o n  co u l d  d am ag e  th e  m e tal  
co m p o n e n t  an d  al te r  th e  e l e ctri c  fu n cti o n al i ty  o f  th e  s cre e n .  Th e re fo re ,  th e  ad h e s i o n  s tre n g th  
an d  p e e l  s tre n g th  o f  th e  l am i n ate d  co ve ri n g  s h o u l d  be  o f  th e  h i g h e s t  d e g re e .  

I n  th e  cas e  o f  an  S D  d e s i g n ,  th e re  i s  n o  co n ce rn  th at  d e l am i n ati o n  wi l l  al te r  th e  e l e ctri c  
fu n cti o n al i ty o f  th e  s cre e n .  Th e  cabl e  can  be  o pe rate d  wi th  s h o rt- ci rcu i t  cap ab i l i ty  pro vi d e d  b y 
th e  p re s e n ce  o f  th e  s cre e n  wi re s .  H o we ve r,  th e  ad h e s i o n  s tre n g th  an d  p e e l  s tre n g th  s h o u l d  
be  h i g h  e n o u g h  to  pre s e rve  th e  l am i n ate  fro m  fo l d i n g  an d  bu ckl i n g .  

I n  th e  cas e  o f  an  S s cD  d e s i g n ,  th e  te s t  can n o t  be  pe rfo rm e d  b e cau s e  th e  m e tal  fo i l  i s  s o  th i n  
th at  i t  bre aks  d u ri n g  th e  ad h e s i o n  o r  p e e l i n g  s tre n g th  te s t.  

Table  3  – Min imum acceptable  adhesion  or  peel  strength  forces 

Adhesion  or  
peel  streng th  

Type  of  screen  

CD  SD  SscD  

N /m m  C o p p e r 1 , 5  C o p p e r 1 , 0  Le ad  N A 

N /m m  Al u  1 , 5  Al u  1 , 0  Al u  N A 

N /m m  O ve rl ap  1 , 5  O ve rl ap  1 , 0  O ve rl ap  N A 

N A Th e  te s t  can n o t  b e  p e rf o rm e d .  

 

Test:  Ad h e s i o n  s tre n g th  

Th e  te s t  s pe ci m e n s  s h o u l d  be  take n  fro m  th e  cab l e  co ve ri n g  wh e re  th e  m e tal  fo i l  ad h e re s  to  
th e  o ve rs h e ath .  

Th e re  s h o u l d  be  a  to tal  o f  5  te s t  s pe ci m e n s ,  3  o f  th e m  o n  th e  o ve rl ap  o r  th e  we l d  o f  th e  m e tal  
s cre e n  an d  2  o f  th e m  o n  th e  o p po s i te  s i d e .  

Th e  l e n g th  an d  wi d th  o f  th e  te s t  s pe ci m e n  s h o u l d  be  app ro xi m ate l y  2 0 0  m m  an d  1 0  m m  
re s pe cti ve l y.  
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O n e  e n d  o f  th e  te s t  s pe ci m e n  s h o u l d  be  p e e l e d  b e twe e n  5 0  m m  an d  1 2 0  m m  an d  i n s e rte d  i n  
a  te n s i l e  te s ti n g  m ach i n e  b y cl am p i n g  th e  fre e  e n d  o f  th e  o ve rs h e ath  o r th e  i n s u l ati o n  s cre e n  
i n  o n e  g ri p .  Th e  fre e  e n d  o f  th e  m e tal  fo i l  s h o u l d  be  tu rn e d  b ack an d  cl am pe d  i n  th e  o th e r g ri p  
as  s h o wn  i n  F i g u re  8 .  

 

Key  

1  o ve rs h e ath  

2  m e tal  f o i l  

3  g ri p  

Figure  8  – Adhesion  of  metal  foi l  

Th e  s p e ci m e n  s h o u l d  be  h e l d  appro xi m ate l y  ve rti cal l y  i n  th e  p l an e  o f  th e  g ri ps  d u ri n g  th e  te s t.  

Afte r ad j u s ti n g  th e  co n ti n u o u s  re co rd i n g  d e vi ce ,  th e  m e tal  fo i l  s h o u l d  be  s tri ppe d  fro m  th e  

s p e ci m e n  at  an  an g l e  o f  appro xi m ate l y  1 8 0°  an d  th e  s e parati o n  co n ti n u e d  fo r  a  s u ffi ci e n t  
d i s tan ce  to  i n d i cate  th e  ad h e s i o n  s tre n g th  val u e .  At  l e as t  o n e  h al f  o f  th e  re m ai n i n g  b o n d e d  
are a s h o u l d  b e  pe e l e d  at  a  s pe e d  o f  appro xi m ate l y  5 0  m m /m i n .  

Wh e n  th e  ad h e s i o n  s tre n g th  i s  g re ate r th an  th e  te n s i l e  s tre n g th  o f  th e  m e tal  fo i l  s o  th at  th e  
l atte r  bre aks  b e fo re  pe e l i n g ,  th e  te s t  s h o u l d  be  te rm i n ate d  an d  th e  bre ak p o i n t  s h o u l d  b e  
re co rd e d .  

Test:  P e e l  s tre n g th  o f  o ve rl app e d  m e tal  fo i l  

Procedure 

A s am p l e  s pe ci m e n  2 0 0  m m  i n  l e n g th  s h o u l d  be  take n  fro m  th e  cabl e  i n cl u d i n g  th e  o ve rl app e d  
p o rti o n  o f  th e  m e tal  fo i l .  Th e  te s t  s p e ci m e n  s h o u l d  be  pre pare d  b y cu tti n g  o n l y th e  o ve rl app e d  
p o rti o n  fro m  th i s  s am pl e  as  s h o wn  i n  Fi g u re  9 .  

1  

3  

2  

3  

IEC  
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Key  

1  s p e c i m e n  

2  o ve rs h e ath  

3  m e tal  f o i l  o r  l am i n ate d  m e t al  fo i l  

Figure  9  – Example  of  overlapped  metal  foi l  

Th e  te s t  s h o u l d  be  co n d u cte d  i n  th e  s am e  m an n e r as  d e s cri b e d  fo r  th e  ad h e s i o n  s tre n g th  
te s t.  Th e  arran g e m e n t  o f  th e  te s t  s p e ci m e n  i s  s h o wn  i n  F i g u re  1 0 .  

Th e  te s t  s h o u l d  be  p e rfo rm e d  o n  a  to tal  o f  3  s pe ci m e n s .  

 

Key 

1  o ve rs h e ath  

2  m e tal  f o i l  o r  l am i n ate d  m e t al  fo i l  

3  g ri p  

Figure  1 0  – Peel  strength  of  overlapped  metal  foi l  

6.2  Electrical  properties  and  d imensions 

Th e  D C  re s i s tan ce  o f  th e  s cre e n  an d  th e  d i m e n s i o n s  o f  th e  m e tal  part  o f  th e  l am i n ate  s h o u l d  
b e  ch e cke d  i n  acco rd an ce  wi th  th e  re l e van t  s tan d ard s .  

7 Routine tests  

Th e re  i s  n o  s pe ci fi c  ro u ti n e  te s t  to  b e  as s o ci ate d  wi th  ad van ce d  l am i n ate d  co ve ri n g s .  Th e  
re l e van t  s tan d ard  s h o u l d  be  appl i e d .  

8 After instal lation  tests  

Th e re  i s  n o  s p e ci fi c  afte r  i n s tal l ati o n  te s t  to  ap pl y.  Th e  re l e van t  s tan d ard  s h o u l d  b e  ap pl i e d .  
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Annex A 
( i n fo rm ati ve )  

 
Detai ls  on  cable designs g iven  in  3.2  

A.1  Combined  design  (CD)  

A co m b i n e d  d e s i g n  cabl e  co ve rs  a  m e tal  s cre e n  th at  co m bi n e s  rad i al  wate rti g h tn e s s  an d  
e l e ctri cal  pro pe rti e s :  

•  XLP E  i n s u l ati o n  s ys te m ;  

•  s e m i - co n d u cti ve  b e d d i n g  ( wate r s we l l abl e  i f  re q u i re d ) ;  

•  th i ck m e tal  fo i l  e i th e r  we l d e d  o r  g l u e d ,  th at  carri e s  th e  fu l l  s h o rt- ci rcu i t  cu rre n t  

i )  co ate d ,  an d  

i i )  b o n d e d  to  th e  o u te r s h e ath  ( u s u al l y  S T7 ) .  

Ad d i t i o n al  wi re s  can  e ve n tu al l y  be  ad d e d  to  m atch  th e  s h o rt- ci rcu i t  re q u i re m e n t.  Th e  m e tal  fo i l  
i s  u s u al l y  al u m i n i u m ;  co p pe r can  b e  u s e d  as  we l l .  

An  e xam pl e  o f  a  C D  cab l e  i s  s h o wn  i n  Fi g u re  A. 1 .  

 

Figure  A.1  – Example  of  combined  design  500  kV cable 

A.2  Separate design  (SD)  

A s e parate  d e s i g n  cabl e  co ve rs  a  d e s i g n  wi th  rad i al  wate rti g h tn e s s  an d  e l e ctri cal  p ro pe rti e s ,  
m an ag e d  b y d i ffe re n t  m e tal  co m po n e n ts :  

•  XLP E  i n s u l ati o n  s ys te m ;  

•  co ppe r o r  al u m i n i u m  wi re s ;  

•  wate r s we l l i n g  tap e s  to  b l o ck th e  s cre e n  are a;  

•  co ate d  l am i n ate d  m e tal  fo i l  fo r  e xam p l e  Al  0 , 2  m m  +  0 , 0 5  m m  co ati n g  o n  o n e  s i d e ;  
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•  o ve rs h e ath  ( u s u al l y  S T7)  

Th e  m e tal  fo i l  i s  u s u al l y  al u m i n i u m ;  co ppe r o r  o th e r m e tal  l am i n ate d  fo i l s  can  be  u s e d .  

An  e xam pl e  o f  S D  cabl e  i s  s h o wn  i n  F i g u re  A. 2 .  

 

Figure  A.2  – Example of  separate design  400  kV cable  

A.3  Separate semi -conductive design  (SscD)  

A s e p arate  s e m i - co n d u cti ve  d e s i g n  cabl e  co ve rs  a  d e s i g n  wi th  s e parate d  e l e ctri cal  an d  rad i al  
wate rti g h tn e s s  pro p e rti e s  wi th  s e m i - co n d u cti ve  pl as ti c  co ate d  fo i l :  

•  XLP E  i n s u l ati o n  s ys te m ;  

•  ro u n d  co ppe r wi re s  s cre e n ,  wi th  n o n  s we l l i n g  s e m i - co n d u cti ve  tape ;  

•  th i n  l e ad  o r  Al  fo i l  ( 0 , 0 5  m m  typi cal )  wi th  g l u e  o n  o n e  s i d e ,  i n n e r s i d e  ( s cre e n  s i d e )  co ate d  
wi th  typ i cal l y  0 , 0 5  m m  th i ck s e m i - co n d u cti ve  p l as ti c;  

•  o ve rs h e ath  ( u s u al l y  S T2 ) .  

An  e xam pl e  o f  S s cD  cabl e  i s  s h o wn  i n  Fi g u re  A. 3 .  
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Figure  A.3  – Example  of  separate  semi-conductive  design  275  kV cable 
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