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As pa r t  o f  a progrnrn ftnrlcd Ry t h c  lhritctl S t ; ~ t c s  Dcpnrtn~cnt o f  Rncrgy and 
New York St : ~ t c  liWl)A covcring :III invcst iy.;t t ion  of arlvuncc!d conccpts for  gas- 
insultltcd powcr tr-iinsformcrs, cxpcrimcrnt.;tl s tutl ics have bccn mrtdo on wdol turn- 
to - tu rn  insu la t  ion s t ruc tu re s  contprisctl of' s l ~ e c t  ill t~rninum conductors insulated 
with two shee ts  o f  polymer f i lm and inlprcgnntcd with compressed SF6 gas. Pre- 
cautions were taken t o  e l iminate  pa r t  i c l c s  using e l ec t ro s t a t  i c techniques during 
winding o f  t h e  models. P a r t i a l  disdlnrgc incept ion and breakdown measurements 
have been made a t  60 liz applied voltagos and room tcmpcrature; t h e  e f f e c t  of 
polymer f i l m  thhlcL,ncss has been invest igated A 

A program funded by t h e  United S t a t e s  Department o f  Energy and New York S t a t e  
ERDA has k e n  addressing the  following conccpts f o r  q gas-insulated power 
transformer (1) : 

.Sheet aluminum conductors f a r  t h c  windings. 

Polymer film* turn- to- turn insulat ion.  

e A system o f  sealed,  self-contained,  annular cooling ducts containing . c i r cu l a t i ng  f l u i d  t o  cool t h e  windings. . . 

a Comprcsscd gas insulat ion (which f i l  Is t h e  space i n  t h c  film- 
i n su l i~ t ed  windings nncl a l s o  i n s u l i ~ t c s  a l l  t h c  major gaps): , 

-. -- 
*The polymc r fi  l m  rrscd throughotrt thcsc  invest i got ions ~ : I S  hcen thc  po lycthylene 
terephthal  l n t c  (polycstcr l  f i  Im, My1;lr1l ( H  I(cgistcrct1 t rixtlemark of tllc I ! .  I .  
du Ponr tlc Ncnmurs irncl C:o.). Wllctllcr Mylar or  sontc o thc r  polymcr f'i IIII wi 11 pro- 
vide opt in~um pcrformunce unJcr t h e  coaihi~icd olectrictr  I ,  tncchaliical :mil thermal 
requirements o f  t h i s  appl icat ion w i l l  hc determined i n  fu ture  s tud i e s  o f  these 
techno logics.  - - 
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breakdown v o l t l r g e i i t  60 llr ; ipp l icJ  v 0 1 t : ~ ~ c s  o f  rnodcl samples wound c o n c e n t r i c a l l y  

c,s tlic t r s t  c o i l  l ~ s i ~ l p ,  two i l~c r t s  I O O !  nllll t , l ~ i c k  ~ )o Iy~ t l c r  I n  I t h c  "tllnl- 
$7 

to-t11r11" i l l s l l  l i l l  i o ~ i  i111d S ~ I I I I ~ ) ~ V : ~  w o l l ~ ~ t l  w i 1 li I wo s11c.c:ts 0 . 0 2 1  Inm ~ ) o I y ~ t ~ c r  f i  lm. 8 . . 

Coi 1 Const r u c t  ion 
Y 

, . 

. . The t e s t  c o i l  c o n s i s t e d  o f  two scts of  "c; lpaci tor  type" samples wound c o n c e n t r i -  
c a l l y  o n t o  ;i fiberg1;lss-rei11Co1-ccd c j~oxy cyl i l ldcr ,  ;~pproxi.nil:tcly 50.8 cm O.D.  :Ir p and 1.9 cm wal l  t h i c k n e s s .  Ilach o f  t h e  s ;mples  was c o n s t r u c t e d  by winding a 

.% 
ir, s i x  l a y e r  sandwich (Fig. 1) : aluminum s h e e t  ( t h e  h igh  v o l t a g e  e l e c t r o d e )  . two 

l n y c r s  o f  1)o ly~l i r r  T i  l m ,  ill 111ni I ~ I I I I ~  s l lcct  ( t l i r  prolllitl c l r c t  roelc) , rllcn f i n a l  l y  two 
more 1;lycrs ol' ~ ) o l y a ~ c ~ -  I'i l a .  ;.; 
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3 '  "'  42        Winding  of  the   cc,il   w:Is   perf-l,rmed  <,11   t he  :11)1):tr:itils   showil   ill   l:ig.   2. In order  to  '

43. .
minimize the air space within the winding,  the coi l was wound under tension using

.f .--           .1,

« i P a combination of electromagnetic brakes, to apply tensio
n to the sheet aluminum

7'..  conductor, :ind :, 12.7
 crn-di:,me.ter pi'ess„

re kiss roll, which
exerted several

u 2
3,) hundred pounds force at the point of contact between the webs of aluminum sheet

and  polymer  film  and the epoxy- fiberglass cylinder. Stringent precautions  were

taken  il,iri,ig  tlie  Wilil|i 1,3.  to el iminate  part ic|es   from  heing   introduced   into  the

cal'acit (,1' S:,1111)leS:   AS e:le|1 Sheet  (11' Fi 1111 W:I': imwi)luid l't'(1111 its 5111)1)ly roll  it W:ls

discharged using either a polotiilim y-sc,lirce or :i caron:i eli:Irge gciier:itcir; then,

jets of ionized air were directed over both the :iluminum sheet :ind polymer film

wel,s  to  I,low  off  :iny  p:trticlt's.    '1'weive  test   S:lilli,ICS  Wert'  constructed  ils   follows:

•  Six samples (#s 1-6) constructed with 5 turns of 0.076 mm

* thick, 61 cm wide alumi
num sheet + 2 layers of

 0.0125 mm

thick, 62.5 cm wide polynier film.

•  Six samples (#s 7-12
) constructed with 5 tu

rns of 0.076 mm

thick. 61 em wide :ilitmintin, sheet + 2 1:iyers of 0.0233 mm

Ihick. b2.5 em wide pol
ymer film.

1 11 0

4 :.11:Fi*li
Vkle<, 5:.·-·1\

I.         -4  1 1

lila . F , , 1,

- -115*Flt.7 .1.,I  t1:1 F"' \11.---

:, 0-- 1,9,+.   It«,4
il      --,7 U/ U - c:14
'1                                                          U    i.b.·   ./ 
ti. '1 *PA #. - iaWeD..R#,7 , . -4,"*.41.29*45*8# #.&,

6 'r....,U-4.4 :i  *  

Fig. 2.  New winding ap
paratus

The leads were 5.1 cm wide, 0.076 mm thick alitinintlin, cittached at the start of

each uniductor.  Additional layers of 0.115 mm Imlymer film were employed over

the le:ids :it the start of the test coil and between conductors lit the finish.

To prevent breakdown d:image in a give,1 sati,iple from ;iffecting its neighbors,

protective·  prids  of "1,111'fer"  i tistil:It ic),1,  e:Ie.h  conti,ri secl  of eiglit   layers  of

0.127 mm polymer film, were wowid lietwee,i stlecessive cal):icitor s:Imples.

- 1
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Af te r  :1ssc1111>ly I .  4)  , t.llc tcst coi  I was inst;r  l l c d  i l l  :t 1)rcssllrc vcs sc l  . 
Spec ia l  ly-s11:lpcd c o ~ i ~ ~ c c t o r s ,  sccn i n  I ' i  g .  3 ,  wcrc cons t  ruc t cd  i n  o r d e r  t o  
provide  co rona - f r ee  connec t ions  between t h e  s h e e t  illuminum t a p s  from t h e  c a p a c i t o r  
samples and t h e '  3 . 2  mm 0.1). t111,ing l ends  irsed t o  make collt:lct wi th  t h e  p r e s s u r e  
V C S S C ~  b t r s l ~ i ~ ~ g s .  C O I I ~ C C ~  i o n s  t.0 s i x  ~ i l p : ~ ~ i  t o r  S ~ I I I I ~ ~ C S  wcrc made s imu l t aneous ly  
through t h e s e  bush ings  s o  t h a t  t h e  p r e s s u r e  v e s s e l  needed t o  be opened o n l y  t h r e e  . . 

. . .  . . .  t i m e s  i n  t e s t i n g  a11 twelve  s a n p l c s .  . .  . . .  . . . - .  . . . . . 
. . 

% .  

. . .  

After t h e  t e s t  c o i l  was mountcd i n  t h o  t es t  v e s s e l  and t h e  s i x  bushing connec- 
t i o n s  were made, t h e  v e s s e l  was s e a l e d  and evacua ted  t o  a p r e s s u r e  o f  less t h a n  
100 pm f o r  a t  l e a s t  24 ho rns .  l'hc t imc  r c q l ~ i r c d  t o  rcnch t h i s  p r e s s u r e  l e v e l  
va r i ed  cons i  dc rah ly  in suhscqlrcnt tcst  v c s s c l  c v ; ~ c ~ ~ : l t  i ons ,  ;mil seemed t o  depend 
on both t h c  i n i t i a l  s t a t c  o f  t h e  tcst  c o i l  imd t l lc  pumping ; lpparatus  :ind proce-  
dure .  The 24-hour p c r i o d  imdcr v;lcu11111 was ncccs \ a ry  t o  ins1n.c t h a t  illipurit i e s  
and moi s t i r r e  h a s  hccn removed Pro111 t h e  c;lp;ir i t o r  s;~nipl c s  h c f o r e  bnck- f i  l l i n g  
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~ f t e ~  t h e  per iod  o f  evacuat ion ,  t h e  vesse l  was f i l l e d  with SF6 t o  a pressure.  of ... . . .  $ .. 
6 atm abs and t h e  samples were allowed t o  impregnate i n  t h i s  condi t ion  f o r . . a t  

" .. . ,  . : '  . .  ' . i 
least 4 8  hours p r i o r  t o  t c s t  illg. 'I'hc t c s t  c i r c u i t   show^ in Fig.  5 was develo'ped .:: !. ... 

4 .  .. f o r  making p a r t i a l  discharge and hrcaktlowl nleasurcnlcnts. 'I'he elements o f  t h e  . . i, :r 
c i r c u i t  included a l a rge .  kVA t ransformer  which was requ i red  because o f  t h e  high ." . , '. 

. . 
. . , ;: . . . .  . ! .,_ . . 

. . .  . . . . . . . . . .  capacitance o f  t h e  samples. Thc tuning r e a c t o r  was placed on t h e  low v o l t a b  
s i d e  0.f t h c  t r n n s f o r m r  t o  a c t  ;IS ;I rcson;tnt e l c~nen t  i n  o rdc r  t o  l i m i t  t h e  . . . .  
current -carry i t rg  duty o f  t h c  cont ro l  c i r c u i t r y .  The . t e s t  c i r c u i t  contqined two . - . . .  

p a r a l l e l  arms, onc with t h c  t l i c l c c t r i c  t e s t .  snmplc :1nJ t h e  o t h c r  with a ha lanc ing  . . -  

cap;~ci  t o r .  I\ J i  l.l'crcnt i ; ~  l ilc;lsl~rcarllt. o f  p : ~ r t  i ; i  i tliscll;~ry,cs ~ ; I S  uscd in o r d e r  t o  . . 

obtuiti ;is 11 is11 a sells i t i v i  t y  ; IS  pass i b l c  f o r  dctcrai .n / I I ~  rlrc corollu incept  i;on 8. . 
. . . . 

level .  Addit ional  elements o f  t h e  c i r c u i t r y  included p r o t e c t i v e  r e s i s t o r s  and . 

de tec t ing  impedances. The f i n a l  osc i l loscope  d i s p l a y  s e n s i t i v i t y  t h a t  was . . 

achieved - SO.pC/cm - appears r a t h e r  'low compared t o  p a r t i a l  d ischarge  measure- . . .  
. . . . . .  menis made on t y p i c a l  e l e c t r i c a l  equipment. tlowever, t h i s  s e n s i t i v i t y  i s  con- . ' .,;- 1; . 

s i d e r e d  t o  be q u i t e  good, cons ider ing  t h e .  high capaci tance  o f , t h e  samples, and '*:.::: . . . . . . . . .  < * .  . . . .  , ' 
was deemed t o  be adequate For ;: reasonable in terprc t ,a t . ion  o f  t h e  d ischarge  . , 

. . .  p h c n o n ~ ~ ~ ~ ; ~ .  'I'lrc n ~ i  n i swim C ~ C ' ~ C C . ~ . ; I I ) I  c il i S C I I ; I  rgc W;IS ;tI)oilt 3f.I I)(:. , .. .:. 
. . .  . . . . . . . . ' . . . . . . . . .  . . . .  , . . . . .  . . .  . . - . .:.: . . .  . . . . .  . . . . .  . . : . . 

. . . . . . . . . . .  . . . . 
" RESULTS . . . . . . . . . . . . . . . .  

, . , . .  > . . . . . . . . . . . . . .  . . . . . : . .  
. . . . . .  . . . . .  . . . , .  

. . .  . . . . . . . .  .... . . . . .  . . .  . . .  . ' , .  ' . _  C . '  
: > .  . . . . . . . . . .  ... ... . . . . .  . . . . .  'i.hree & s t  seri c's wcic p c r h  rlllcd OII tlic c:lpncitor san\plcs : . . . . .  

.." I 
. . . . . . . .  

I . . . I . . . . . . .  :, . .  .' . . . .  
: : 

. _ .  : ,. . . . . . . . . . .  . . . . . .  . . . : :  , < . . . .  ; . . . .  , . . . :. . . . . . . .  . . . .  
, . .  . . T e s t  --.- S e r i e s  # I .  . Corona incept ion  measurcmcnts were made on t h e  , . 1 :. , ..,. : . . 

I outer s i x  jf: p F ;  Ws 7-12]  c a p a c i t o r  sarnn1.c~ up t o  ,u;d s l i g h t l y  . . ,  . ' . '  ' . . 
. ; beyond, incept ion  but no t ,  t o  brc:~kdown. . . .  . . . . . . .  

. . . . . . . .  . . . .  , . . . . .  . # 

. . . . .  . . . '. . '.:.- . . Tes t  S e r i e s  #2.  Corona incept ion  measurements were made on t h e  . ' : 
. . . . . . . . .  i n n e r  s i x  ( 1 2  p F ;  #s l - 6 ) . c a p a c i t o r  samples, followed by break- . .  . . ,.. , .. , . 

. . . .  .. ,. ._: . . . .  . . . . . . .  . _ .  
. . . . . . .  .. ; , ': ,; .; ""  

i -.. down t e s t s  on t h e s e  samples.. : . . .  , . . i ,  , . . . .  
.... . . . . . . .  . . - : . . . . . .  . . . . . . . . .  . . , 7 ' : .  . 

. . .  . . . , . .  .. . Tes t  ' s e r i e s  t 3 .  .. Discharge incep t ion  measurements were romade on . .  ': . . . . . .  
:. I '  . 

. . .  . . .  . . .., " . .. ' t l ~ c  o u t e r  s i x  samplcs , f o l  lowed by breakdown mcnsurcments . . .  on . . .  .:;':.. .:.‘ . . . . . . . . . . . . . . . . .  . . % .  . 
. . . .  ; .. : . .' . . . . . .  _ . . . . . . . . . . . . .  . . 

: , . .%.. I . . . .  t h e s e  samples. . : .  
.,,.: .: 

...... ;,;;;;;i:... 'r'.. . . . . .  , .. . .  . . . . . .  . ';. .'. 
. . .  '.".'(. ' .,. . .  . . . . .  .:. .. ... \ <: ............. ..!..-,;..:' . ': . . . . .  . . . . .  ,.,:, t , , . .  1; , 2;; : . . . . . . . . . .  :..; .:.. . . _ . :  . . . . . . . .  .... . .  . . . .  ..: - ..... . . - . . .  . . . . . .  . . . . . .  . . 

. ,  . . . . . . . .  
. . . . .  ... ..:. 

The X s u l t  s f o i  both ; d i s c h a r g e  i n c c p t  ion and brenkdown heasurements 'are' given ' 
. ' '  

i n  Table 1. In Table 1, only f i n a l  values f o r  d ischarge  incep t ion  a r e  presented,  : . .  , . 
s i n c e .  i t  .was genera l ly  found t h a t  d ischarge  incept ion  vol tages  increased when . . ' 

. the. measurcmcnt s wero rcpcatcd.  f:or cxmnpl c ,  on s ; ~ n ~ p l c  i112, p a r t i a l  df scharges . . ' 

.were obscrvcd a t  16S0 V during t e s t  s c r i c s  H I ,  but l a t e r ,  In s e r i e s  W3, were . . .  
not de tec ted  u n t i l  3000 V. This  type of  "condit i.oningW may r e s u l t  from . ' 

3 .  

add i t iona l  SF6 impregnation o r  from a "burning out" of  d ischarge  s i t e s .  These 
e f f e c t s  r e q u i r e  addi.tiona1 stlldy. T t  s l~oll ld be notccl t h a t  t h c  vol tage  was 
increased in 100 V s t e p s ,  and  was held  a t  citcll l evc l  f o r  a t  l c a s t  one minute. 
Dischargc c x t  i n c t  i on l e v e . 1 ~  ri~ngcd a s  low ;IS 8 0 h f  t h e  incept  ion l e v c l s . .  

. .  _ . . . . . .  . . . . . . .  : .  . . . . . . . . .  . ,  . .  . . . . . . . . .  . . . . . . .  . . .  . . . . : .  , . . . .  . . . .  . . 
. .  . . . . .  . . . . . .  . . . . . . .  . . j,.: ;; $'; .-:.-. :.'. . . 

. . . .  . . . . . .  . . . . . . . .  .. . . . . . . . . .  . . 
. . . .  

._.., . ; , , , .;. .- ' . (..-. - ' ' ..:. i .  ::. .:. ....... . : . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . .  . . . . . .  , 
. . . . . . .  . . . . . .  . . . . . , 
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..,.:.. . 
. .  . . . .  ., P a r t i a l  D i scharge  ~ a k t i a l  Discharge  Brcakdown Breakdown. . . . . . .  -. ....:% 

. . .  . . Incept  ion V o l  t.iago Inceptj .on Stress Voltacjc . S t r e s s  . - . . 
Samplg v o l t s  peak kV peak/mm vol t s peak kV pesk/mm , , . '  

# ( v o l t s  rms) . ( k V  rms / rnm)  (vo l ' t s  rms) ( k V  rms/mrn) , . 
. -..-. _---- -------..-.--.--.-_-------. ----.- .--.- -.. ,. . : . . .  

2 x O.O ' l%r l  Inrn tt~ic.:k pc'>lynu?r f i l m  
. ' . . .  . . . . .  . . . I .  ..... . . . . . . -,'I .; 

1 . .  
- - . . .  . . . . . . .  _-- , 1410 . (10'00) (.; 55.5  (331.4) . c  . : . '  . . . . .  . . . . . . 

., . . . .  . . : r : ; , . .  
, . 

2120 (ISOO) 83.4 (59.0) 2260 (1600) .. 89.0 (63.0) ' I .  
. .-.;;. , 

2 .. , .. 
. . .  . . . . :: . 

. . . .  . . . . . .  . . . ,  , .  
. . ;.; ,.: :'. 
. .: .,.,. '7 .  .3 ', .: .. - - . . .  . . . - -  . . . . . . . .  . . . . .  . . .. 1555 . (1100) . . . . . . . . . .  :.':.:61. . . . . .  2 .  (43. . .  3).!;.:<+: ; . ~ < : ~ ~ ~ ~ ~ ( - . ' : : ~ ~ .  , ' .  . . . , '. : , . ., .,". ; .. I .  - . -  , ,,,: <!\:',<s.:.,p::%.:, : . . . .  _:. . . . . . . . . . . .  .. PI:.. . . . . .  . . . . . . .  .I .. ;r ,!,:, ,::.:. 

, ... 4 .:; . -- - .  . . * " . - - .  . . '  . .  . .;. .. .:* .... . . .  . . . . . .  . ~ <212 ( ~ 1 5 0 ) '  : <8.3 (<5','9)" '!.... 2.: . . ..,. . . .  .. , . . . . . .  . .,. 
......... . . . . . . . 3 .' ." , . 5' . -- . . . . .  . . .  . . ..- 5 6 6 ' (  4(j0) ; , (? , ,2 .2  (15.:7) -,.,,: . . . . . . .  . . .  

. , . . . . .  . . . . 
..) I .. , 3 . .  . . . . .  . Q . . '  2120 (1500) a . i . ' a ( w . o )  , ,  2260 (1600) , . e?. 1 (6?.'0) , . . - . _  . .  A . . 

. . . , , . _.l . _. 
. . . . .  . . . .  . . , ;:. \ " .  

. . . . . . . . . . . .  - . :  : . . . . . . " . . .  . . . .  ....>.. ... . . . . . . . . . . .  . . : . . . . . . . . . .  . . 1 
. . . . .  . . L ' .  :' ... . . . . .  ............ . . . . . . . . . . . . . . .  2 x 0.0233 mm t h i c k  polymer film "" . . . . .  :, + % .  ...:.... .-. . . . . .  . . . . . . .  . . .,,~;,..' ::.: 

' .: . . , . . ' :? ':.:, ,. . ,. . . . . . . . .  . . . . . .  
3960 (2000) ... 7 .. 84.6 (59.0) 5020 (3550) ' 107.0 (76.:'0') 

9 39GO !2?001 e4.6 (59.3)  <390 (3100! . . . Q 3 . 3  (55.3; . . . . .  . . . . .  - . .  . . 

4525 (3200) , 10 : 97.1;. (68.5) 2260 (1600) . '. 48 . 5'. (3Q...3) ..: .. , ..;;,.;...;2i.ii\.!. . . .  . . .  . . .  ... - .  .:. .-: 
........... . . -  ., . . 

. . C ' . . ,  ,$';::t"' . ,, 
. . 

: ~1.:.',:,::',... . - . 4240 (3000). 9 0 a . 8 .  (64.2) . 5660 (+)OO) ,: "12'k. 0.;'' {85: 6') :; , . x:,:;i.j;:.:if '!., 
. . . . .  . . .  . . . . . .  . . .. , ,.,. ,: ., .. ,:,.; . -:,.: , ,.?',.:. .: -: . . . , :: ...... 3.. r 

' .  . '4240 (3000) . . 96.6 l(64. 2 )  . , 4 6 7 0  (,3300) .: ld0.0: (70.7) i i : .  . ': :';;'.;:::'''! 
. . ,  . . . . . . . . .  . . . . . . . .  . .  . . . . 

. . . .  . . .......... . . . .  : ,,;. ..- 
. . . . .  ..... . . . ' . . . . . . .  

. . .  . . . . . . . . . . . . .  . . ( . .  ' 
..I '. i . . "... . - .  ........ . . .  *..' :... \ 

:,, :;.- 
.. . *Since it is t h e  peak vo l t age  t h a t  initiates d i s c h a r g e s , .  p a r t i c u l a r l y  i n  a gas .. :..;..:;".'?" . . .  

. d i e l e c t r i c ,  t h e  p a r t i a l  d i scha rge  incep t ion  and breakdown s t r e s s e s  a r e  given i n '  ' . . '  . . . '  - 
peak v a l u e s .  .'flowever, it i s  normal des ign  p r a c t i c e  f o r  t h e  t r ans fo rmer  i n d u s t r y  . . 

. . . .  . . . . . .  t o  r e f e r  t o  rms va lues ,  hence t h e  c q u i v a l c ~ ~ t  rills v i~ lues .  ilre given irn b r a c k e t s .  . . .  . . .  . . . . . . .  .. . .... . . . .  
.> 

.... .'..i"'.? . ... . . . . . .  . . . . . .  . . .  . . . . .  ,).I 

. .  . . . .  ..  ISC CUSS ION . . ,, ,:.,.. . . . . . . . . . . . . .  . . + ...'.,... c , .~ ' . '  . . 
.... . ' .  . . .  : :', . . .  . . . .  . .,.;::._. . . . . . .  . . . . . . .  .". 

( . . .  .' ;._ .... . . . . . . . . . . .  . . . . , ' .  . . . .  Two obierva ' ;  i ons  can be made from ~ a b i i  1. F i r s t ,  t h e  t'hin ( 2  x '0.0125' mm) ' . . . ! . . 
,: ,: 

samples show a r e l a t i v e l y  wide d i s p e r s i o n  i n  breakdown s t r e s s  and a lower mean . . - . 
s t r e s s  th;ln t h c  tl1ickc.r ( 2  x 0.0233 mm) si~nlplcs .  Second, wi th  t h e  excep t ion  o f  
onc t c s t ,  a l l  t h c  t h i c k e r  snn~ples  have ir brcakdown s t r e s s  i.n excess  o f  93  kV . . . . .  

. . 

peak/mm. In Fig.  6 ,  t h e  discharge i n c e p t i o n  and breakdown s t r e s s e s  a r e  shown a 

. . 

f o r  a l l  t h e  2 x 0.0233 mm samples t o g e t h e r  wi th  t h e  d a t a  f o r  two o f .  t h e  2 x 
0.0125 mm samples wi th  h ighes t  d i scha rge  incep t ion  and breakdown. I t  i s  s i g n i f i -  '. 

can t  t h a t  one sample ( # l o )  with a  low breakdown s t r e s s  had an i n i t i a l  corona 
incep t ion  l e v c l  which was far h ighe r :  we suggest  t h a t  i n  t h . i s  c a s e  breakdown 

' .j,':<,, ,; . . . . . .  may llnvc Iwcn i n f l  ucnccd by tl lc l)rcaktlo\m 01' ;in ; ~ d j a c c t ~ t  :;;~n~plc. ,,: . . 

... . . . .  
. . . . 

. . .  - '  

. , .  
I. , . 
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, . . . . . .  . . . . . .  

. , : "'  . s e 2 0.0233 MM SAMPLES 
. .'. . . . . . . . . . . . .  ..... . . .  . . .  
.... o o 2 x 0.01 25 MM SAMPLES ASSUMED . . . . . . .  

. - . , 

OPERATING .: 
I .  . . 

STRESS . . 
. .: . . 
....... 

I . .' DISCHARGE ,. . 
. . .  

. . . . .  1 .  . . . .  I ' INCEPTION :; 
. . . . \. ., , . . . .  

. :  . 
. . 

. . 
. . .  

, , . . . . BREAKDOWN . . .  
- .  

. . . . . . . .  . : 60HZ STRESS (PEAK ~VIMM) . . . , . . . .  .~ . 
, " .  A . .  . , . , .  , . . .  

.. % . . . . .  . . . . . . .  . . .  . . .  . : . . . . ,  . ..,,,; : :: 
. . . . ,  . . .  : < >.,.,: 

. . . .  , . . . . .  ' 

Pig .  6. . p lo t  of  t b e  60 ilr p a r t i a l  d ischarge  ' , . . ... . . 
:' incept ion  and breakdown s t r e s s e s  f o r ,  
. s e l e c t c d  samples from d i e l e c t r i c  t e s t  
, c o i l .  I)i scharge incept ion  and breakdown 

. , 
. . . . . .  . . , . v ;~ lues  on givcn sn.~iq~lcs a r e  connected. 

. . . .  

. Afte r  the c o i l  was removed from t h e  v e s s e l ,  pos t  mortea analyses  were 
.... . , . I . 

. performed on t h e  ind iv idua l  t e s t  !samples. These revealed  t h a t  f a i l u r e  s i t e s  , , 

, . . . . .  . . .  . . .  
were removed from t h e  conductor edge and were randomly d i s t r i b u t e d .    his . .  , 

. . .  . . . . . . .  , , 

. . 
. . .  

.. .'!., 
s ~ ~ ~ ~ s t s  t h a t  t h c  r c a k o s  wcrc gc11cr111y ciltiscd y p r r t i c l e s  randomly i n t r o -  a : . : . . . .  
duced dur ing windisp. Tlie brcilkdown s i t e  fo,r s;ln~plc W l O  was locuted d i r e c t l y  . '  

. i . : . . . .  . . . .  

. . . . .  
opposif c : . tha t  o f  t h e  adjacent  sample,. 11 9. Th i s  soppof is  t h e  view. t h a t  t h e  : :. -.; :. 

' - 8. . . .  ., i . . .  
.,. : .. 

., b r e a k d o h  vo l t age  of  sample 110, which was lower than t h e  discharge, inception 
% . . . .  :',' ' . t  

. . , .,. 

vol tage ,  was probably lowered by breakdown i n  t h e  adjacent  sample. 
. . . .  . . I 

. - i : .  .. . . . . .  i, .. ; . .  . . . .  . . . . .  . . ,  . . . .  0 , .. 
. , . . . .  . . . I . . . .  . . .  

. . .  . .  :'i. 
. . .  . ,  . . . ,.. . . . . .  .5. 

The.  r e s u i t s  shbwh i n  ~ i ~ :  6 a i e  cons ide red .  t o  be encobraging f o r  t he  p roposed .  .. , .  ,: .., . . .  . ? 

: . . ; .  . . .  a p p l i c a t i o n  o f  t h i s  (SP6-i.mpregnatcd polymer f i lm)  i n s u l a t i o n  systcm t o  a s h s e t -  ; 
- wound tmnsformcr .  Two rc;lsons f o r  t h i s  o p t i ~ n i s n ~  follow. P i r s t , t h e  6Q'Hz . . . ,  

brcnkdowr st r c s s  i s  : ~ t  1e;lst. 5 tilllcs h i  gbcr t l l ; ln  t l ic ;lsslllllcd Opcratillg stress '. ' . , 

of -18.4 k V / n l m ,  used :IS t h c  b a s i s  o f  ;I p r c l i n i n a r y  J c s i p ~ ~  of  a 500 k V ,  500 MVA . <  : .  1' 
gcnerntor  s tep-up t,r:~nsformc!r ( 2 )  . Sccowl, cvc11 i f f hc inlpt~lsc r a t i o  is a s  low 

. . I  

1 . 0 ,  tilc rcslll 1 5 i n  1:i g. (1 i n d  '"it' rll;~t t llc I I I ~  I ~ ~ I I N I I I I  i lll[)~~lSe I ) r ~ i l k t I ~ ~ l  S t reSS  ' ,  . , 

o f  t h e  2 x 0 . 0 2 3 3  mm i n s u l a t i o n  system would l,c on t h e  o rde r  o f  93 peak k ~ / m .  
This  i s  t o  hc compnrcd with a RII .  of  approxim:~tcly 6 7  kV/mm which has been assumed 
i n  t h c  p r c l  iminnry dcsi  pn c s t  imiltcs f o r  ;I cunccpt.~l:il 500 MVA, 500 kV genera to r  . . . . .  i 
s tep-up t ransformer  ( 2 ) .  . . . .  . . . . . . 

. . . . . . .  . . . .  
, I _  

. . .  . . . . .  . . .  . .  , ,  . . . . . . . . . . . . . .  . . .  . . . . .  ; . . .  . . . . . . 
... 
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I 
: .  . . . . . . .  . . . .  . , . .  , 

1 . . 1 . . . . . . . .  . ... .:. Although t h e  number o f  snmplcs t e s t i d  ahovb  i s  i n s u f f i c i e n t  t o  sugges t  ii s t a t i s t i -  .,, >,: ? , . . . : . f  . 3' . . 
5 ..;' c a l l y  acccpt;lble tlcsign s t r c s s ,  t h c  t l i l t ; ~  1c:ltl t o  cons idc rnb lc  optimism about t h e  ' i  ... ::. . .  
L' : . . 

. . I  . . . .  . . 
..._, nl;~x ~ I I I I I J I I  st l.c*ssc*s wll  i c-11 ~ : ; I I I  ;~c : l l  i c*vc- t l l  i 11 I I I L -  ~~~ 'o l )osc* t l  t 111-11- I o - t  t11i1  i I I S ~ I  l ; ~  t ion . . . .' Y . .  

systcm. Ilowcvcr, i t  is  rrck~~owlcclgc~l t11;rt o r  llcr t ' ; ~c to r s ,  such 3s t h c  area under  .. 

tes t  and t h e  conductor  edge l cng th ,  could reduce t h e  a t t a i n a b l e  stress levels' i n  . . .  . . . .  SF(,-imprcgnntcd pol ymcr f  i 1 nl ins111 i l t  iorl s i gn  i f i  i:;lnt l y  fro111 t i losc,  r c p o r t c d  i n  . . . . 
I .  0 .  11)  otllc!r i11s11 l i l t .  io11 st 1'11t-l ktrcs, :;~~t:lr . ; I S  tllc oi  l-jl;.ll)cr s t r i t c t u r c  of  l a r g e  " 

powc r t riirts f'or~ac: I-s , i t. i s k r ~ o w r r  t11:lf  i 11 !lo i 111: f I-0111 t cbst.s on s ln ; l  I I modc I s t o  l i i rgc . ' .  
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