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This d is s e rta tio n  describes the  work perform ed to  assess the 

usefulness o f a w iths tand  test fo r  determ in ing th e  q u a lity  o f po rce la in  

cap and pin in su la to rs .

Porcela in cap and pin in su la to rs  have been in use on high vo ltage  

transmission lines fo r  close on one hundred years.D esp ite  th is  long 

period o f se rv ice  n o t a ll problems associa ted w ith  th is  k ind o f in su la to r 

have been ironed ou t.Th is  is tru e  fo r  bo th  the q u a lity  o f the  in su la to r 

it .  ' I f  and the  method th a t is employed to  determ ine its  e le c tr ic a l 

c h a ra c te r is tic s .

The experim enta l work perfo rm ed is in the  form o f d ie le c tr ic  

puncture  tes ts .T o  th is  purpose the  insu la to rs  were immersed in SF, . 

severa l batches o f in su la to rs  were te s te d  in accordance w ith  d if fe r in g  

c r ite r ia .

The re s u lts  a re  analyzed s ta t is t ic a lly  and are  compared to  the 

outcome o f punc tu re  te s ts  pe r fo r  ned in o il in accordance w ith  SABS 
s p e c ific a tio n  ’ 77 o f 1971(11

A m odified w iths tand  te s t  is proposed which gives meaningful 

resu lts



PAGE ii i

In memory o f my la te  fa th e r  Hans K .O .D ie t/ 1919 -198?

To my m other fo r  a ll her pa tience  and encouragem ent



ACKNUUii m m t  NTS

I arknnw lndge w ith  g rs titu d B  the  help fjiven  to  me by a ll persons 

ind in s tu tio n s  who in one w<iv o r an o th e r cuntribucecl towards th is  

d isserta tion .M y p a r t ic u la r  tfv?r.ks qo to  :

P ro fessor J. P. Re voders, uv superv iso r, fo r  his guidance th ro ugho u t 
the whole course o f th is  p ro je c t.

Messrs.R.Macey and P.Sneddon from  Cullinan k le c th c a l fo r  

p rov id ing  me w ith  te chn ica l in fo rm a tion  on cap anu p in  insu la to rs .

S.A.U.Ceramics fo r  supply ing fre e  o f charge a ll th e  in su la to r 

specimens requ ire d  fo r  th e  experim enta l work.

I he s ta f f  o f  the E le c tr ic a l Engineering Workshop o f the 

U n ive rs ity  fo r  th e ir  assistance.



ACKNOWI t DGMt NTS

1 acknowledge w ith  g ra titu d e  the  help g iven to  me by a ll persons 

and in s tu tio n s  who in one way o r an o th e r c o n tr ib u te d  towards th is  

d isserta tion .M y p a r t ic u la r  thanks go to  :

P rofessor J.P.Revndere.my supe rv iso r . fo r  h is guidance th ro u g h o u t 

the whole course o f th is  p ro je c t.

Messrs. R. Mace y and P. Sneddon from  Cull loan E le c tr ic a l fo r  

p rov id ing  me w ith  techn ica l in fo rm a tio n  on cap and pin insu la to rs .

S.A.G.Ceramics fo r  supplying fre e  o f  charge a ll the  in su la to r 

specimens requ ired  fo r  the  experim enta l work.

The s ta f f  o f the  E le c tr ic a l Engineering Workshop o f the  

u n iv e rs ity  fo r  th e ir  assistance.



^AG t v

PAGt

IMTRGDi ■l'l|t]|Vj 1

O i r i t  C 1 R IC  t )R F A K » n U j i \ l  U f  P t j R C I - L .V I \  IN S U L A  fU R U

? :i) Puncture or d ie le c tr ic  Breakdown 5

o f Solid:.

? :/) i a c to rs  iJeterm ining the  In tr in s ic  S tre n g th  U

o f Porce la in  Insu la to rs

? :i) Puncture  o f  Cap and Pin ( C levis b

and fonyue » Insu la to rs .

IV  ■ ICC! I TI) ASSilCIATFl) WITH IHt I tf.CiTRICAL 

HI NiCTt ,KI I t  SI

>:i) >enerFj| Drawbacks o f  the E le c tr ic a l 1?

Punctu re  1e s t 

3:2) The P unctu re  le s t  in  0 1 ! 13

<:3) The Steep F ronted Impulse V o ltage  H

Junctu re  Test

OBJECTIVES AMD TECHNIQUES OF TUf EXPf R!MI \T

<*:!) O b jectives o f the  Experim ental Work 16

6:2) Experim ental P rocedure 17

6:3) Choice o f  su itab le  le s t  Parameters 19

6 :6 ) The P unctu re  le s t  in SI^ 21

6:5) Spe n f ic a t io n s  o f Test C irc u it  and 22

Power Supply

6 :6 ) P a rtia l D ischarge Measurements 25

OBSERVATIONS AND RESULTS

5:1) Frequency D is tr ib u tio n  o f the  Punctu res 27

as a Function  o f the  applied V o ltage 

5:2) S ta t is t ic a l Analysis o f  1 , f(  V s ) 31

5:3) Flashover and Corona Incep tion  V o ltages 36



PAGE v i

PAGE

5:4) "C lean1’ vs /'P n llu ted '’ In .la to rs  I f

5:5) Breakdown u f Test D ata in Accordance 41

w ith  Batch number*..

5:6) P a rtia l D ischarge A c tiv ity / w ith in  the  ^

Insu la to r as a Eunction o f the  app lied 

Vo ltage.

5 7) Physical Damage to  th e  Insu la to r due to  4 3

Puncture.

5:8) Comments on o th e r reco rded  Data 46

DISCUSSION

6:1)

6.2)

6:4)

6:4)

Assessment o f the  ) xperim anta l 48

Procedure:The P unctu re  le s t  in Gil vs. 

th a t in SE 5  .

Analysis o f the  Frequency o f Punctu res 5?

an a Function o f Vg .

The In fluence  o f  a u x ilia ry  Param eters %

an the  Breakdown S tre n g th  o f in su la to rs .

6.1:1) The Insu la to r C u rre n t 56

6:3:2) P a rtia l D ischarge A c t iv ity .  56

6:4:3) "Clean" vs ."P o llu ted " Insu la to rs  57

6:3:4) D ivergence in  P unctu re  Vo ltages 58

between Insu la to rs  from d if fe re n t  

m anufactu ring  lo ts .

4,0 KV vs. 10,0 XV In te rv a l W ithstand 58

Tests ?

n

92

CONCI1151 ON

APPENDICES 

] }  P e f e r e n c e s

2) The Power Frequency Punctu re  Test 

in Oil

3) le s t  Param eters employed fo r  various 

Series o f  Insu la to rs .

60

A 7 

A 5

A 5



S p ec ifica tions  o f a u x ilia ry  equipment.

S e ttings  o f P a rtia l D ischarge 

Measuring Equipment

1 XPEHlMf INJAl Ht SUITS

L is t o f abb re v ia tion s  employed 

6:1) Puncture as a Function o f the  

applied vo ltage  

6:2) Insu la to r C u rre n t as a Function  

o f the  app lied V o ltage .

6 : i)  Corona and Flashover Inception  

Voltage

6:4) P a rtia l D ischarge A c t iv ity

6:5) lime to  P unctu re

D e riva tio n  o f th e  Normal Curve as used 

in C hapter 6 : 1



PAGE 1

1 IN fRUDUC flDN

Lap and pin in su la to rs  o f va rious shar es and sizes have been used 

since the end o f last- cen tu ry ,co nc i r r e n t ly  as mechanical supports  and 

e le c tr ic a l in su la to rs  on pylons o f  h igh vo ltage  transm ission lines.

A lthough the  replacem ent o f in s u la to r s tr in g s  by long rod insu la­

to rs  has been on vogue in Europe and the  Midnie East since IW b.cap 

and pin in su la to rs  a re  s t i l l  w idely used e lsew here.(H ) S trings o f cap 

and pin in su la to rs  a re  in general more economical than  the form er 

Also the replacem ent o f  damaged specimens is simple.

The main d isadvantage o f cap and pin in su la to rs  is th e ir suscep­

t ib i l i t y  to  d ie le c tr ic  breakdown when sub jec ted  to  high vo ltage  

s tre s s e s .V e rific a tio n  m the form o f a d u a lity  assurance te s t is 

th e re fo re  requ ire d  to  prove adequate res is tance  to  pun c tu re  under 

se rv ice  cond itions, ihe  "Puncture  Test in O il" as p rescribed  by 

SABS-r;.’ , BSS-137 and IEC -$83 is employed to  do th is .( l)

The ve rv  fa c t  th a t  punc tu re  o f the  in su la to rs  does take  place is 

an in d ic a tio n  th a t  a number o f in h e re n t fa u lts  a re  unresolved.This 

concerns bo th  the  design o f the  in su la to r and the  dem erits o f  the 

s tandard pun c tu re  te s t.

The purpose o f th is  d is s e rta tio n  is to  es tab lish  m eaningful pa ra ­

m eters and te s t  cond itions  fo r  conducting  d ie le c tr ic  s tre n g th  te s ts  

on cap and p in  insu la to rs .

The d is s e rta tio n  begins w ith  a review  o f  the  physica l even t o f 

d ie le c tr ic  breakdown o r pu n c tu re  o f so lid  d ie le c tr ic s .P a r t ic u la r ly  

Puncture in po rce la in  is n f in te re s t.T h e  design and s tru c tu re  o f can 

and pin in su la to rs  is su- h th a t  a d d itio n a l fa c to rs  which decrease the 

in tr in s ic  p u n c tu re  s tre n g th  o f r.he po rce la in  become pe rce p tib le .

This rev iew  is fo llowed by a discussion on th e  lim ita tio n s  o f the 

puncture  te s t  in its  p resen t form.Problems o f bo th  a general na tu re  

and those p e rta in in g  to  sp e c ific s  of the  punc tu re  te s t in o il w ill 

be considered.

A second method o f p e rfu im in g  pun c tu re  te s ts  is by using steep 

fro n te d  impulse vo ltages.Th is method has been tr ie d  ou t in va rious 

la b o ra to rie s  b u t does n o t en joy  unreserved support. (9 , 1 0 . 1 1 |

I he experim enta l work is exc lus ive ly  cen te red  around a method 

fo r  perfo rm ing  punc tu re  te s ts  w ith  th e  in su la to r o r te s t specimen
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immersed in SEg .Various procedures to  th is  end are in ve s tig a te d . The

desired re s u lt is f in a llv  obta ined by perfo rm ing vo ltag e  w iths tand  te s ts

a t va rious d is c re te  v o lta g e  leve ls.In  to ta l in su la to rs  were punctu red .

there are  no published a u th o r ita t iv e  s ta tem en ts  on breakdown

mechanisms w ith in  porce la in .A n in dep th  in ve s tig a tio n  o f these

mechanisms w ill requ ire  a major e f f o r t  on th e  p a r t o f  e le c tr ic a l

engineers and m ate ria l s c ie n tis ts  and is beyond the scope o f th is

d isse rta tion .A n  id e n t if ic a t io n  o f th e  causes leading to  head punctu res

in cap and pin in su la to rs  is however ben e fic ia l to  the  experim enta l work.

To th is  purpose va riab les  such as th e  c u rre n t o f the  in su la to r and the

p a rt ia l d ischarge a c t iv i ty  inside th e  in su ia to r a re  recorded  as a

fu n c tio n  o f the  applied vo ltage .

The experim enta l w ork  is fo llow ed by a s ta t is t ic a l eva lua tion  o f

a ll tne  relevant, data  and a discussion o f th e  resu lts .O f p a r t ic u la r

in te re s t is the  comparison o f pu n c tu re  in o il w ith  p un c tu re  in SF- .o
Puncture te s ts  in o il are no t p a r t  o f the  experim enta l work o f 

th is  d isse rta tio n . Tests using oil as immersing medium were perform ed by 

two p a rt ie s  ou ts ide  the  D epartm ent o f  E le c tr ic a l Engineering o f the 

U n ive rs ity  o f th e  U iltwatersrand,nam ely:

1) The Departm ent o f  E le c tr ic a l E ng ineering ,U n ivers ity  o f 

Cape Town.[21

?) Die in s t i tu u t  vu E le k tro n ik a .U n iv e rs ite it van S te llenbosch .[<•]

Both p a rt iu s  employed the same type o f in su la to rs  as was used by 

the a u th o r o f th is  d isse rta tio n .A  d ire c t  comparison o f  the re s u lts  is 

th e re fo re  possible.

N.H. Unless s ta te d  s p e c if ic a lly  o the rw ise  a ll vo ltages and c u rre n ts  are 

expressed in e f fe c t iv e  n r  H.M.S.values.
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?) OlEt ECTRfC BREAKDOWN OE PORCtLAIM INSULATORS

2:1) P u n c tu re  o r D io le c tr ic  Breakdown o f Solid '.;

fht* d e f in it io n  o f punc tu re  as given by SABS s p e c ific a tio n  177 is: 

"Puncture is  a d is ru p tiv e  Discharge th rough  the  in su la tin g  p a rts  

( o f a glass o r ceram ic overhead line in s u la to r ) th a t  produces 

permanent loss o f d ie le c tr ic  s tre n g th .M l"

A more a p t exp lana tion  o f  the  phenomenon of punc tu re  or 

d ie le c tr ic  breakdown in solids is given by R.Coelho (2 ):

"In a s u f f ic ie n t ly  high e le c tr ic  fie ld .m a te r.a is  break dow n,e ither 

a b ru p tly  oi g radu a lly ,w ith  the fo rm ation  o f one o r severa l conducting  

spots in the  sample. This process is ir re v e rs ib le  in a solid. The breakdown 

f ie ld  depends in te r  a lia  on the  na tu re  and com position o f the sample, 

its  shape.on its  environm ent and on the  way in which the  e le c tr ic  f ie ld  

is applied.

fo r  so lid  in su la to rs  the brea<down fie ld s  usua lly  observed range 

from below 10 cm to  about y x 10^ V /cm .A lthough ip p a re n tly  la rge  

on a m acroscopic sca le ,these fie ld s  are in fa c t  v e ry  low on the atom ic 

scale. 1C6  V /cm  rep resen ts  10 ?v /  Angstrftm and th is  c le a r ly  ind ica tes  

th a t excep t under ve ry  specia l la b o ra to ry  co n d itio n s  breakdown never 

re su lts  from  th e  d ire c t  a c tio n  o f  the f ie ld  on th e  atoms and molecules 

o f the  m ate ria l.

1 hu ti,e le c tr ica l breakdown is a c o lle c t iv e  phenomenon,whereby 

energy is communicated to  the  c o n s titu e n t molecules by o th e r p a r t ic le s  

such as e le c tro n s  or ions which have acqu ired  enough energy in 

the fie ld ,"

In p ra c tic e  th is  means that, the  in tr in s ic  s tre n g th  o f most so lid  

m ate ria ls  is seldom obta ined due tu  the presence o f  im purities  which 

markedly lower the e le c tr ic  s trength .(A |

Two basic processes which could in it ia te  breakdown are therm al 

in s ta b ility  and co llis io n  breakdown.

For therm al in s ta b il ity  the  c u rre n t den s ity  and power genera ted  in 

a local reg ion  o f high res is tance  increases ou t o f  bounds i f  the 

heat d iss ipa tion  exceeds the ra te  a t which hea t is conducted away from 

the region.
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C ollis ion  breakdown is a heading used to  describe in tr in s ic  

breakdown processes such as the pu re lv  in tr in s ic  and avalanche 
breakdown.

In the  a c tu a l co llis ion  process ionizing co llis ions  produce e le c tro n  

avalanches which c o n s titu te  high e le c tro n  dens ity  paths.

R.Coelho (5) fu r th e r  suggests th a t  i t  is n o t known beyond a ll 

doubt as to  which breakdown mechanism occurs.Regardless o f the  

in it ia l step, the  deve1 le n t  o f the  breakdown even t involves a local 

d iss ipa tion  o f energy from  the e x c ite d  c a rr ie rs  in to  hea t through 

e x c ita t io n  o f la t t ic e  v ib ra tio n a l modes.

The fa ilu re  its e lf  is in the  n a tu re  o f a fused p a th ,th e  size o f  an 

o rd ina ry  p in .th rough  which the  c u rre n t d ischarges.(7)

2\Z fa c to rs  determ in ing the in tr in s ic  S treng th  o f P orce la in  Insu la to rs

The q u a lity  o f po rce la in  used fo r  high vo ltage  in su la to rs  is 

determ ined by its  e le c tr ic a l and mechanical breakdown s trengths.The 

fa c to rs  govern ing  these two param eters are  in te rdependen t and can 

cor i f ’ c l  w ith  one ano the r. In p ra c t ic a l terms th is  means th a t i f  any 

param eters a re  changed to  improve the  e le c tr ic a l c h a ra c te r is t ic s .th e n  

th is  is a t  the  expense o f  mechanical s tre n g th  and v ice  versa.

he q u a lity  o f po rce la in  is in fluenced in p a r t ic u la r  by the  compo­

s it io n ,p o ro s ity  and f ir in g  tem pera tu re  o f the  raw m ate ria l as well as 

the dens ity  o f  the  fin ished  p rodu c t.O the r fa c to rs  to  be considered 

are th e  d ie le c tr ic  co n s ta n t.th e  loss angle tan  (<fi and the  e le c tr ic a l 

resistance.

The s h o rt time d ie le c tr ic  s tre n g th  in p a r t ic u la r  depends on the 

density  o f th e  ce ram ic ,its  th ickness  and poros ity .The  d ie le c tr ic  

s tre n g th  n f  poorly  v i t r i f ie d  bodies is reduced by as much as 25% 

because o f th e  m inute vo ids con ta ined  in th e ir  s tru c tu re . Th« io n iza tion  

vo ltage  o f  en trapped gas con ta ined  in the s tru c tu ra l pores is lowered 

by the presence o f m oisture.Once in it ia te d .th e  ion iza tion  and p a r t ia l 

e le c tr ic a l d ischarge w ith in  the  pure  leads to  loca lized  heating w ith  

re s u lta n t loca lized  deg rada tion  in  th e  re s is t iv ity . le a d in g  to  the
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u ltim ate  fa ilu re  o f the insula tion.W hile  th is  process needs time to  

develop i t  can be acce le ra ted  bv app ly ing a s u f f ic ie n t ly  high vo ltage  

and by a loca lized high co n c e n tra tio n  o f e le c tr ic  f ie ld .(51

F.Clarke 15) d istingu ishes between in tr in s ic  p un c tu re  and punc tu re  

caused by therm al runaway, fo  sepa ra te  the  regions in which each kind 

o f punctu re  occu rs  the  concep t o f  a "T rans ition  Tem perature" is us id .  

th is  is th a t  tem pera tu re  above which an abrupt, change in the 

te m p e ra tu re /p ro p e rty  re la tio n sh ip  o f the  ceramic is observed.Above 

the tra n s itn n  tem pera tu re  s p e c ific  p ro p e rtie s  o f th e  po rce la in  degrade 

a t a f a s te r  ro te .D is tin c tio n  must be made between the  mechanical, 

conduction and d ie le c tr ic  breakdown tra n s it io n  tem pera tures.O n ly the  

la t te r  two q u a n titie s  are o f in te re s t here.The a c tu a l tra n s it io n  

tem pera tures determ ined fo r  d ie le c tr ic  breakdown and res is tance  va ry  

from 85 C to  12? °C  w ith  an average value o f  1 0 /  C.Above th is  

tem pera ture  th e  po rce la in  is ch a ra c te rize d  by a conducting  ra th e r  than  

insu la ting  p ro p e rty  and the  pu n c tu re  is o f a therm al nature.Below  the  

tra n s it io n  tem pera tu re  breakdown is o f an in tr in s ic  na tu re .

2: i) Puncture o f Cap and Pin (C levis and Tonjup) in su la to rs

Cap and pin in su la to rs  cons is t o f a s ing le  shed o f po rce la in  o r 

toughened glass w ith  severa l s k ir ts  undernea th .the  no .o f s k ir ts  used 

being d ic ta te d  by ope ra ting  environm ents.

Each in s u la to r is cemented to  a m etal cap above and a metal 

Pin below.such th a t  severa l u n its  can he jo ined  to g e th e r in ba ll and 

socket jo in ts  to  form  an in s u la to r s tr in g . The no .o f u n its  in the s tr in g  is 

chosen to  s u it  the  system vo lta g e  and the leve l o f  p o llu tio n  like ly  to  

be experienced.

Accord ing  to  SABS V /  Ml bo th  "Cap and Pm" .md "C levis and 

Tongue" in su la to rs  are Class 8  insu la to rs .Th is  implies th a t  the  leng th  o f 

the* s h o rte s t pa th  th rough the insu la ting  m ate ria l does n o t exceed 

h a lf the le ng th  o f the d ry  a rc in g  d is tance .Insu la to rs  o f th is  k ind are 

not pun c tu re  p ro o f and need v e r if ic a t io n  by te s tin g  to  p rove adequate 

res is tance to  pun c tu re  under se rv ice  cond itions.
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For purposes o f th is  d is s e rta tio n  "Cap and Pin" in su la to rs  are 

considered to  be id e n tica l to  "C lev is  and fongue" insu la to rs .Th is  

assumption is c e r ta in ly  ju s t if ie d  as fo r  as the re sp e c tive  e le c tr ic a l 

c h a ra c te r is t ic s  are concerned and also holds fo r  th e  p e rtin e n t 

physica l dimensions, ihe  only d iscern ib le  d iffe re n c e  between che two 

types o f in su la to rs  is in the shape o f th e ir  re sp e c tive  suspension 

couplings as is suggested by th e ir  designation.

Before proceeding to  e la b o ra te  on the  e le c tr ic a l a t tr ib u te s  o f 

these in su la to rs  i t  is use fu l to  l is t  the main s p e c ifica tio n s  o f the  te s t 

specimens used in the subsequent experim ents. These are  y iven in 

TABLE 1 below. A cross sec tion  o f th is  in s u la to r to g e th e r w ith  its  main 

dimensions is g iven in Fig. 2 : 1  on Page 1. 16]

Insu la to r type: L /Q LC C levis & longue w ith  lim ited

movement. SAG o rde r No. 19-0jA5.

D iam eter 191 mm

S tring  spacing 146 mm

Leakage d istance (min) 210 mm

Net w e igh t 4,5 Kg

Rated Mechanical load 70 KN

Average flashover vo ltage  Dry  ̂ KV

Wet 55 KV

low  frequency  p u n c t.vo lta g e  90 KV

Composition o f Porc e lain

Ball c lay  50%

Klaus c la y  13%

Feldspar 27%

Silica  50%

lA B ll 1 : Mechanical and E le c tr ic a l C h a ra c te ris tic s  o f Insu la to r
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BITUMINOUS PAINT 
1,5 mm T HK

PORCELAIN 
SAnD 1.5 TnK ____ 
IMBEDDED IN GLfCE"

CEMENT FONDU

I

c

1 S P L I T  COTTER
2 C L E V I S  PIN
3 RESI L IE N T  PAD
A

J TON Out  PiN

6 INSULATOR b u O r

STAiNLE A STEEL/PHOSPriOR BRONZE

STEEL I 51' OOZSI ___
COr h

MALLEABLE DTE EL (53-0U05I 

hunfiLD STEEL

|P u f i E LAIN

I iy.Z:1 C ross  s e c t io n  o f  I n s u la to r  SAG VMKAS ( U 7CJ I C ) [b|

(Diagram supplied by m anu fac tu re r.V ide  Reference h, APPl NDIX 1 .Page A?)

I '  ►'-III..
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A thorough  li te ra tu re  survey on the  s u b je c t o f punc tu re  in cap 

and pin in su la to rs  as well as re la te d  top ics  wf.s conducted by the  au tho r. 

None o f the engineers and ceram ists who c o n tr ib u te d  th e ir  find ings and 

conclusions to  the jo u rn a ls  and books consu lted by the a u th o r has 

id e n tif ie d  "The Mechanism" which causes punc tu re  in cap and pin insu la ­

to rs . The question w hether punctu res in cap and pin in su la to rs  a re  

o f an e lec tro -m echan ica l n a tu re .a re  in it ia te d  by p a r t ia l d ischarge 

a c t iv i ty  o r a re  caused by any o f the  more conven tiona l mechanisms such 

as therm al in s ta b il ity  o r in tr in s ic  fa ilu re  is s t i l l  unanswered.

This seems to  con firm  the  n o tio n  o f N. Coo I ho (t) th a t fo r  p ra c tic a l 

purposes the  mechanism in it ia t in g  the  breakdown process d if fe rs  

s ig n if ic a n tly  in the various cases,but as soon as th is  in it ia t in g  step has 

occurred,breakdow n develops in a ve ry  s im ila r wav and observa tion  o f  

the breakdown spot does no t help ve ry  much in es tab lish ing  what type  

o f breakdown has taken  place.

In ad d itio n  to  w hat has been said about the  breakdown o f so lids in 

general and that, o f po rce la in  in  p a rtic u la r.c a p  and pin in su la to rs  have 

c e rta in  c o n s tru c tio n a l fe a tu re s  which a f fe c t  th e ir  res is tance  to  

d ie le c tr ic  breakdown.

A study o f F ig.2:1 on Page 7 shows th a t  the top  su rfa ce  o f the 

in su la to r p in  and the  area surround ing  the  sharp edge o f che same can 

be id e n tif ie d  as a m u ltip le  boundary value p rob lem .D ie lec trics  o f 

d if fe re n t  re la t iv e  p e rm it t iv it ie s  are involved.These are  form ed by the  

fo llow ing  substances:

1) The a c tu a l body o f  po rce la in  between cop and pin.

2) The cork n r fe lt, pad between the  pm head and th e  bottom

su rface  o f the  in s u la to r head.

3) The co n c re te  in te rs tic e s

<•) The c o n c re te  in te rs tic e s  are  no t o f un ifo rm  q u a lity  and

con ta in  oval a ir  pocke ts  up to  *> mm long. These are  due to  

assembly procedures.A  th in  la ye r o f a ir  is also presen t 

between the  fe lt  pad and the bitumen laye r in th e  in s u la to r 

head.

The problem becomes even more complex when i t  is considered th a t  

po rce la in  by its  ve ry  na tu re  is a non homogeneous substance.

In a d d itio n  to  th e  above m entioned p o in ts ,th e  sharp edge o f 

the p in is sim ultaneously the po in t o f h ighest mechanical and e le c tr ic a l
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s tress .(H ) fhe  p ro b jb il i ty  is th e re fo re  hiqh chat a loca l d e fe c t in th e  

po rce la in  a t  o r near the  sharp edge o f the  pin w ill in it ia te  breakdown. 

Some o f the  fa c to rs  causing such a d e fe c t have been mentioned 

in Ch.2:?. This breakdown w ill occu r a t a vo lta g e  which is lower than 

th a t a t  which punctu re  would occu r a t o th e r spots in  the in su la to r.

In p ra c t ic e  th re e  paths o f d ie le c tr ic  breakdown occur in cap and 

pin insu la tors.These are  shown by tra c k s  A to  t  in th e  fo llow ing 

ske tch .'

El

y |q.?:2 D ischa rge -tracks  in Cap and Pin Insu la to rs

Head punctu res Vide tra c k s  A.B.L

Punctu re  tra c k s  fo llow ing  the  above th re e  or s im ila r tra c k s  

o r ig in a te  a t the  p in and proceed to  th e  rap  by "ea ting " th e ir  way 

th rough  the  porce la in .
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Zj Shed R unclures

This is a compusite pu n c tu re  pa th  which goes p a r t ia lly  th rough  

the po rce la in  o f the  in su la to r shed and p a r t ia lly  along the 

surface. ( Flashover).

Its  presence can be exp la ined as follows: the  sheds o f cap and 

pin in su la to rs  a re  designed in such a way th a t under normal ope ra ting  

cond itions in a ir .  punctu re  is preceded by breakdown in the  form  o f 

fla sh o ve r.[1 *|

In determ in ig  the s h o rt time d ie le c tr ic  s tre n g th  o f solid in su la tions 

i t  is th e re fo re  p ra c tic e  to  immerse tno  d ie le c tr ic  te s t  assembly in an 

insu la ting  liqu id  such as m ineral o il.The o il o r o th e r insu la ting  medium 

raises the fla sh o ve r level o f  the  te s t specimen to  the  e x te n t th a t  now 

in a ll cases e xce p t a t vo ltages  in excess o f  1 * 0  KV punc tu re  precedes 

flashover. This assessment is va lid  fo r  in su la to r type  U 70 LC and d if fe rs  

fo r  the  va riou s  types and sizes o f insu la to rs .

Hopwood [IB) makes th e  fo llow ing  comments on th is  phenomenon:

"Insu la ting  o ils  o f low p e rm ittiv ity ,s u c h  as tra n s fo rm e r o ils .a re  

not su itab le . ( as immersion medium ) since the  d iv is ion  o f  vo ltage  

between the  o il and the much h igher p e rm it t iv ity  po rce la in  re su lts  in 

ove rs tress ing  the  o il which can break down and the  ensuing discharge 

resu lts  in fa ilu re  o f the p o rce la in .e x te rn a l to  the  cap and pin,by a 

com bination o f  localized e le c tr ic a l and thermal s tresses." While a t  f i r s t  

■gght th is  comment appears to  he re s tr ic te d  to  f la sh o ve r i t  is n e ve r­

the less also va lid  fo r  shod punctu res.

The fla sh o ve r vo ltage  o f  the in su la to r when immersed in m ineral 

o il is h igher than the combined p a r t ia l punctu re  vo ltag es  o f the  o il in 

the v ic in ity  o f  th e  in su la to r pin and the  po rce la in  o f the  in su la to r shed 

nearest the  edge o f the cap.

The end re s u lt Is a d ischarge as per pa th  D1-D? as is shown in 

f ig .?:?.The breakdown pa th  cons is ts  o f  two d ie le c tr ic s  in Series.namely 

the po rce la in  and the Ir.imersing medium. Thi fa ilu re  mode usually s ta r ts  

when p a r t ia l breakdown o f  the  o il takes place.

fo  minimize the  occu rrence  o f th is  kind i f  p un c tu re  the  re la t iv e  

p e rm it t iv ity  o f  the  insu la ting  medium should be more o r less equal to  

th a t o f the  in su la to r po rce la in .
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% Hashgver: Vide t ra c k  t .

This is the  th ird  k ind  o f breakdown caused tlv  the 

e le c tr ic a l collapse o f the  immersion medium. I he flasho ce r a rc  

fo llows a crazed pa th  across th e  I n s u l a t o r  .spanning can and Pin.

In some Instances th is  seve re ly  damaqes the  g lazing o l the  shed. 

A lthough th is  is no breakdown in the  sense o f p u n c tu re .th e  

e le c tr ic a l symptoms are Id e n tica l.,« m e lv  a s h o r t c ir c u it  once the

arc is established.
Here i t  should he noted th a t  damage to  the  rim o f

on in s u la to r shod re s u lt in g  from  a fragm ent b reak ing  away.and 

damage to  the  in su la to r by th e  h e a t o f  a flo sh n ve r a re  n o t 

considered to  be a p u n c tu re .P I

m w este rn  Europe and th e  Middle East cap and p in  in su la to rs  

have heen w ide ly  rep laced by long rod  insu la to rs  as th e  standard  

Insu la tion employed on high vo lta g e  transm ission lines.
I he und isputed advantage o f long rod  in su la to rs  is th a t  by v ir tu e  

o f th e ir  c o n s tru c tio n  ie.a so lid  s ta lk  o f  po rce la in  they  a rc  punctu re  

p ro o f.A no the r advantage is th a t o f  long creepage d is tances.! ongrod 

in su la to r assemblies are however more expensive than  equ iva len t s tr in g s  

o f cap and Pin insu la to rs , m is  accoun ts  fo r  the  p o p u la rity  o f  the  la t te r  

elsewhere.The replacem ent o f  damaged cap to  Pin in su la to rs  in  se rv ice  

is  simpler than  when the  same p rocedu re  has to  be perform ed on a

longrod in s u la to r assembly.
Compared to  toughened g lass.porce la in  in su la to rs  do not shat :.c

When p un c tu re  o c c u rs ., lie le c tr lc  breakdown merely re s u lts  In a narrow  

discharge chonnel.The mechanical s ta b il i ty  o f  the  in s u la to r Is reduced 

bu t n o t to  th e  e x te n t th a t  an imminent mechanical co llapse o f the 

 .......   assembly takes p lace .b rlng lng  down th e  line.
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j  o n  f i r i ' i  i n  r» A ' . i r i O i ' i A i n )  u j i t h  i h i  F i r e r p k . a i  I ' u N c r u R F  t f s t

vT (AmuH i )! Dr.iwliock:', t :f Lin- I Ip rt.n r,;)! Pniict.un- Ipst.

The pun c tu re  te s t  is <j sample te s t  perform ed on in su la to rs  

taken a t random from  batches o ffe re d  fu r  accep tance bv the e le c tr ic i ty  

supply a u th o r it ie s  in o rd e r to  v e r ify  the c h a ra c te r is t ic s  o f  the  insu la­

to rs  and to  determ ine the q u a lity  o f  the m ate ria l used.(61

The main drawback o f the  punc tu re  te s t ir re s p e c tiv e  o f which 

method is used to  employ it . is  th a t  it. is a random sample d e s tru c tio n  

test.Tt»e vo lfaqe  across the te s t specimen is ra ised u n til breakdown 

takes p la c e .! his is done to  compare the q u a lity  o f the  specimen's w ith ­

stand c h a ra c te r is t ic s  to  a p re se t norm.

Routine p ro d u c tio n  te s tin g  o f newly m anufactured in su la to rs  

involves su b jec ting  them to  a vo lta g e  w iths tand  tes t.T h is  te s t which is 

conducted in a ir  on a pass or fa il basis has to  be conducted a t  a 

vo ltage  which is lower than the fla sho ve r vo ltage  o f  the  in su la to r 

concerned.More i t  must be remembered th a t the  design o f an in su la to r 

shed is such th a t  the punctu re  vo lta g e  is h igher than the flashove r 

vo ltage.

Consider fo r  example in su la to rs  o f ty p t U /Q IC  which w ill be used 

in the subsequent experim enta l work.The nominal p un c tu re  and d ry  

flashover vo ltages fo r  th is  in su la to r are g iven as %  and 65 KV 

respectively.|61

The ro u tin e  w iths tand  te s t  Is conducted a t ;□  KV and the  vo ltage  

is app lied fo r  an u n in te rru p te d  in te rv a l c f  4  m inutes.The pass ra te  

varies between H2% and 9H% and d if fe r s  s ig n if ic a n tly  from ha tch  to  

batch.! 191

Whereas the a fo re -m en tioned  te s t e lim inates a ll fa u lty  in su la to rs  

which punc tu re  a t  a vo ltag e  o f /0 KV o r less.no exclusion is g iven fo r  

insu la to rs  which would punc tu re  a t  vo ltages  between 70 and 90 KV.

To e lim ina te  these,a pun c tu re  te s t  using a d ie le c tr ic  immersion medium 

( e.g. m ineral o il ) needs to  be perform ed.Th is approach is im practica l 

fo r  ro u tin e  p ro d u c tio n  te s tin g  because o f the  e labo ra te  procedure  th a t 
is involved. ‘*BR C hapter i:? below.



S p e c ifica tio n  SABS 111 [1] is no t h e lp fu l in reso lv ing  the  above 

mentioned c o n tra d ic tio n  a p a rt from  s ta tin g  th a t the sp ec ified  pun c tu re  

vo ltage  o f  a Class B in s u la to r must exceed its  dry flashove r vo ltage  

by an "accep tab le " margin.

I wo s tandard  methods o f perfo rm ing  d ie le c tr ic  breakdown te s ts  

are en vogue: Both have c e r ta in  drawbacks as regards th e ir  imple­

m entation.

i : /  I he punc tu re  te s t in ml

As mentioned in  Ch.i:1 i t  is necessary to  immerse the in su la to r 

te s t assembly in a d ie le c tr ic  in su la ting  medium when perfo rm ing a 

punc tu re  tes t.The  reason fo r  doing th is  is to  suppress the  development 

o f corona and e le c tr ic a l d ischarge which is in va riab ly  form ed even a t  

vo ltages s u b s ta n tia lly  below the  punc tu re  vo ltage.and u ltim a te ly  

cause* flashover.(S I

The procedure  fo r  implementing the punctu re  te s t  in o il is 

de ta iled  in SABS-17/.D e ta ils  o f how to  pe rfo rm  th is  te s t a re  given in 

Appendix 7 on Page A.'j.

The fo llow ing  problems are observed when perfo rm ing punc tu re  

te s ts  in m ineral o il o r re la te d  d ie le c tr ic  substances:

Im purities in  the  o il cause tra c k in g  leading to  the  de fo rm ation  o f 

the e le c tr ic  fie ld .T h is  can b ring  about prem ature flashover a t  a 

vo ltag e  below th a t  a t  which breakdown o f the  in su la to r would 

o therw ise  occur.

I )  Under the  given te s tin g  cond itions,co rona  and e le c tr ic a l d is ­

charge preced ing the d ie le c tr ic  breakdown is no t e lim inated, 

a lthough  the  a c tu a l in cep tion  vo ltag e  o f its  fo rm a tion  is much 

h igher than observed when sim ilar te s ts  are c a rr ie d  ou t in a ir .  

Once s ta rted .how ever,co rona  grow th  in o il Is much more rap id  

and in tense than  in a ir. A ga in .th is  can cause \ rem ature 

flashover.lb )

The problems o f tra c k in g  and corona can be suppressed by 

increasing th e  c o n d u c tiv ity  o f  the o il o r  hv increas ing  Its  re la tiv e
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p e rm it t iv ity .  ( I he o il is 2-4 compared w ith  6  fo r  poi ce la in .) 

idea lly  th e  Sro f the  in su la to r is equal to  th a t o f th e  immnrsint] d ie le c tr ic . 

Several methods can be employed to  ach ieve th is :

Steam t re a t  the  o il sc as to  ob ta in  a more h igh ly  conductive  o il 

w a te r em ulsion.lt is however almost impossible to  keep the 

p ro p e rtie s  o f th is  emulsion unchanged fc r  any length  o f time.

Water p a rt ic le s  tend L j agglom erate and p re c ip ita te  over the 

su rfa ce  o f the  in su la to rs  and on the  wall o f  th e  vessel.|81

2) Use a d d itives  such as C reosote and Para-Cresol to  improve the

c o n d u c tiv ity  o f the  oil.Problems a re  experienced w ith  the medium 

and long term  chemical s ta b il ity  o f  the  re s u lta n t m ixtures.[4|

3:?) fhe Steep fro n te d  Impulse vo ltage  Puncture Test.

A ir and o th e r gasses have the p ro p e rty  th a t  the re  is a f in i te  time 

lag between the in s ta n t o f a p p lica tio n  o f s u f f ic ie n t  vo ltage  to  cause 

breakdown ( o f the  gap ) and the  ac tua l physical break down. |T 6 ] The 

same is t ru e  fo r  so lid  d ie lec trics .H ow eve r the  time lag o f the  la t te r  is 

genera lly  much smaller than th a t  o f a ir.

This p ro p e rty  is used to  perfo rm  punctu re  ( and flashover ) te s ts  

by app ly ing steep fro n te d  impulse vo ltages to  solid in s u la to rs .If *he 

vo ltag e -tim e  g rad ien t o f the app lied vo ltage  is s teep enough then in 

theo ry  breakdown o f the  so lid  d ie le c tr ic  should occu r be fo re  flashover.

I he fo llow ing  observa tions were made when employing th is  

technique:

1) The punc tu re  breakdown ra te  va ries  g re a tly  w ith  the type  o f

in su la to r.

?) Puncture  breakdown never occurs a t  the f i r s t  app lica tion  o f

impulse vo ltage: in a ll cases i t  occu rs  a f te r  severa l pulses have 

been applied repea ted ly ,

i) The in it ia l ap p lica tio n  o f the  vo lta g e  due to  the  steep fro n te d

rise  causes discharges w ith in  the in su la to r which p e n e tra te  the  

porce la in . This grow th o f in te rn a l d ischarges continues i f  s im ila r 

impulse vo ltages a re  supplied in succession,which f in a lly  lead to  

breakdown. This gradual erosion w ith  each a p p lica tio n  o f  vo ltag e



also leads to  a decrease o f  t.h*? time delav when compared to

punc tu re  on a sing le  vo ltage  a p p lic a tto n .A fte r  a m ultip le  vo ltage  
a p p lica tio n  the  e f fe c t iv e  th ickness in th "  f in a l stage o f b reak­

down is v t 'rv  small due to  th e  accum ulated e ros ion .[9,1 i j

u'; When flashovcir occurs,a la rge  fra c t io n  o f th e  surge g e n e ra to r

energy during discharge goes in to  the a rc  o ve r the  su rfa ce  o f 

the  in su la to r. The hea t o f th is  a rc  causes a crazed path  over the 

su rfa ce  and th e re b y  possibly reduces the in s u la to r fleshove r 

vo ltage  by v ir tu e  o f form ing a s lig h t ly  conducting  tra c k  in the 

g lazing.1 1 0 )

r)) The fa c t  th a t  severa l vo ltag e  app lica tions  a re  necessary fo r

punc tu re  to  occur seems to  con firm  the n o tio n  o f Park and Cones 

[ 1 0 1  th a t  i t  is the  in it ia l ra te  o f rise  o f vo lta g e  which m atte rs  

ra th e r  than the  g re a te s t rise .

ie pun c tu re  breakdown o f an in su la to r is considered to  

take  place in  th a t region o f the  V - t  cu rve  where the pun c tu re  

vo ltage  o f an in su la to r is lower than the fla sho ve r v o lta g e .If 

such a s teep fro n te d  vo ltag e  is app lied th a t th is  re ' u irem ent is 

met then  pun c tu re  breakdown is expected to  occu r w ith u u t fa il by 

the f ir s t  in pu lse vo ltage . The maximum a tta in a b le  vo ltage -tim e  

g rad ien t is lim ited bv the ava ilab le  energy o f  the  omploved 

in,pulse genera to r.

Also th is  wav o f perfo rm ing punc tu re  test s has several s h o r t­

comings some o f which have a lready been mentioned in the above 

o b se rva tio n s .\o  re le v a n t s tandards on how to  pe rfo rm  the te s t  a re  

ava ilab le  in  any o f  the  Standards pub lica tions.P aram eters such as the 

vo ltage -tim n  g rad ien t t r  be used .tort the no .o f vo lta g e  app lica tions  
are n o t spec ified .
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U OBJfC FIVES AND TECHMQUt S 01 THE EXP'

4:1 U b jH C t . iv /o s  o f  t.tip I x p o r i m e n t a l  W o r k

The o b je c tive s  o f th is  d is s e rta tio n  a re  to  es tab lish  a re le va n t 

experim enta l techn ique th a t  enables a m anu factu re r to  se t q u a lity  

s tandards concern ing  the e le c tr ic a l w iths tand  c a p a b ilit ie s  o f cap and 

pin ( n r c le v is  and tongue ) Insu la to rs .

As has been spec ified  in  Ch.Z:2 on Page 4  the q u a lity  o f the 

p thce la in  mix employed d ire c t ly  determ ines the  e le c tr ic a l s tre n g th  o f  

the fin ished  product.The mechanical requirem ents are  p rim arily  d ic ta te d  

by the  physica l s tress  e xe rte d  nn the in su la to r assembly by the w e igh t 

o f the  transm ission line  condut to r.T h is  cons ide ra tion  is o f utm ost 

im portance in assessing th e  o ve ra ll perform ance o f th e  in su la to r.In  the  

ensuing experim enta l work the emphasis is however pu re ly  on the  e le c ­

tr ic a l c h a ra c te r is t ic s .

Some o f the  problems th a t  lead to  the d ie le c tr ic  breakdown o f 

cap and p in  in su la to rs  have a lready been discussed.Despite various 

shortcom ings in h e re n t in the  p un c tu re  te s t . i t  is a t  p resen t the only 

s ig n if ic a n t means ava ilab le  fo r  inspecting  the  e le c tr ic a l w ithstand  

c h a ra c te r is t ic s  o f solid in s^ .a to rs .A  nun d e s tru c tiv e  q u a lity  assessment 

would be in f in ite ly  more p re fe ra b le  but is as y e t unavailab le.

Problems th a t  a re  enccun te red  when conducting  the te s t in o il 

are the  presence o f corona and the  concom itant flashover.as well as 

p a rtia l breakdown o f the d ie le c tr ic  immersant around th e  in su la to r 

shed.Therefore th e  search is on fo r  an immersing medium in which these 

undesirable side e f fe c ts  r an be e lim ina ted e n tire ly  o r suppressed to  a 

degree so as n o t to  a f fe c t  the pun c tu re  tes ts .

To the knowledge o f the a u th o r no punctu re  te s ts  o f th is  na tu re  

have been perform ed in in su la tin g  gas o th e r than  a ir. The fo llow ing 

experim ents were th e re fo re  conducted in Sulphur h e xe -flu o rid e  ( She ) 
a t a pressure o f  400 kPa. abs. 3F 6  has a high d ie le c tr ic  breakdown 

s tre n g th  desp ite  a low re la t iv e  p e rm it t iv ity  o f  approxim ate ly 1 .



U:2) Experim ental Procedure

The bulk o f  the experim enta l work Look the  form  o f vo ltage  

w ithstand te s ts  which were conducted a t various d is c re te  levels in 

accordance w ith  the fo llow ing  c r ite r ia :

1) S ta r t a t  80 KV and Increase the  vo ltage  in steps o f 10 KV fo r  each 
fo llow ing  te s t.

2) Use a two minute ON /  two m inute O ff  o r 1:1 d u ty  cyc le  a t each 

te s t leve l.

3) Repeat th is  cycle  u n t il pun c tu re  occurs.

The ra te  o f  vo ltage rise  is clamped to  e ith e r b K V /sec.or '0  KV/sec. 

Df the 2 i i  in su la to rs  th a t were test ed in to ta l .160 were sub jected  to  the 
above mentioned rou tine .

The fo llow ing  va riab les  were recorded so as to  assess th e ir  

in fluence on th e  d ie le c tr ic  behaviour o f  the  in s u la te ..

1 ) the app lied  vo ltage  leve l y  s

2) The c u r re n t  o f the in su la to rs ,! L<as a fu n c tio n  o f the  applied

vo ltage.

3) The corona incep tion  and flasho ve r vo ltages.

U) P a rtia l d ischarge a c t iv i ty  w ith in  the  insu la to rs .

b) O bservation o f breakdown c u rre n t waveshapes.

6 ) Time to  puncture .

/) In fluences on the pu n c tu re  vo lt. < .. as caused by the ra te  o f r ise

o f vo ltage .

To determ ine the  In fluence  o f fa c to ry  "P o llu tion " on the pun c tu re  

vo ltage o f the  in s u la to rs ,te s ts  comparing 6 U clean to  60 po llu ted  in s u la ­

to rs  were conducted.

Accord ing to  m an u fa c tu re r's  in fo rm a tion  th e re  are  appreciab le  

qua lity  d iffe re n c e s  between th e  various batches o f insulators.|19)

To in ve s tig a te  th is  po in t com parative  s tud ies were perform ed on se ts  o f  

insu la to rs  from  th ree  d if fe re n t  batches.

A post mortem was c a rr ie d  ou t on 70 in su la to rs  which punc tu red  in 

the head.These insu la to rs  were c u t open such th a t the  punctu re  pa th
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W J m id barn  ,n U ,b  wav tne exact lo c a litv  o f  the  d is c h a rw  channel was 

,l.abl,shed.Norm allv no post mortem was requ ired  nn shed punctures

because the  e x te n t o f damage caused by the disct,arqe currenh was 
d iscern ib le  to  the naked eye.

1 s ta t is t ic a l a r r iv a ls  o f  th e  followioq va riab les  was performed:

a) I he frequency d is tr ib u tio n  o f head punctu res as a fu n c tio n  o f
the app lied vo ltage.

w  I he frequency d is tr ib u tio n  o f  shed punc tu res  as a fu n c tio n  o f
the app lied  vo ltage.

o  me c u r re n t  o f th e  in su la to rs  as a fu n c tio n  o f  the  a p p lie d  v o lta H e .

P orcela in Insu la to rs  c f  the  type  u  / O r e  were chosen as te s t 

specimens because o f th e ir  ready a v a ila b il ity  from  m anu fac tu re r s s tock  

> convenience the  in s u la to r te s t  specimens a re  d iv ided In to

1

2

i

4

5

6

7

8

16

11

20

50

30

50

81

1:1 - 1:15 

2 : 1  - 2:16 

3:1 - 5:11 

4:1 - 4:20 

5:1 - 5:30 

6 : 1  - 6:30 

7:1 - 7:30 

8:1 - 8:7b 

8:A - 8:0

N.B. I he re  is no c o rre la t io n  between manufa. tu re r 's  ba tch  no 
and the des igna tion  adopted above.
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Except, fo r  te s ts  which were pop formed on "per lu ted " insu la to rs , 

the te s t  specimen were prepared hv "washing dishes." To th is  purpose 

the in su la to rs  were cleaned in a warm w a ter hath  using a de te rg e n t.

( TEi EM II ) To remove tra c e s  o f d e te rg e n t the cleaned insu la te  vs were 

rinsed tho rough ly  in warm w ater.A  minimum d ry ing  period  of hours 

was observed p r io r  to  te s tin g .

For tests performed on p o llu te d  insu la to rs  the  test, specimens 

were taKen as is: ip, in the  fa c to ry  soiled condition in which they  were 

de live red ov the  m anufactu re r.

i G hoire o f su itab le  re s t Param eters

In compliance w ith  Bfj s p e c ific a tio n  92J (Section fo r

"Assured d is ru p tiv e  D ischarge V o ltage  Tests" the  vo ltage  should be 

applied to  the  te s t  o b je c t s ta r t in g  a t  a value s u f f ic ie n t ly  low to  p re ­

vent any e f fe c t  o f  ove rvo ltages  due to  sw itch ing  tra n s ie n ts .It  shoulo be 

raised s u f f ic ie n t ly  slowly to  perm it accu ra te  reading o f the measuring 

instrum ent b u t n o t sc slow ly as to  cause unnecessary p ro longa tion  o f 

s tress ing  the te s t  o b je c t near to  th e  te s t vo ltage ." These requirem ents 

ire in genera l met i f  the  ra te  o f r ise  o f vo ltage  aoove /V o f  the  

estim ated f in a l te s t vo ltage  is approxim ate ly ZVsecond o f th is  vo ltage .

I he vo ltag e  should be ra ised in th is  manner u n t il a d is ru p tive  

discharge occurs on the te s t  o b je c t, no value o f the  te s t vo ltage  

reached ju s t p r io r  to  the  d is ru p tiv e  d ischarge should be noted.

The above procedure  assumes c e rta in  p re re q u is ite s  which can not 

always be adhered to  when perfo rm ing  high vo ltag e  te s ts  in p ra c tic e . 

Puncture te s ts  In o il using U 70 I c insu la to rs  |2| have yie lded breakdown 

voltages va ry ing  from HI? to  160 K V .lt is th e re fo re  impossible to  meet 

the requ irem ent th a t  the  ra te  o f r ise  o f vo ltage  should he /  sec .o f the 

7‘i% punc tu re  vo ltage .

ilim ila rly .a  vo ltage  w ith s tan d  te s t perform ed a t one sing le vo ltage  

level as is commonly done in ro u tin e  p rodu c tion  te s ts  is inconclus ive  in 

itse lf.T he  only da ta  th a t  can e f fe c t iv e ly  bn garnered from  th is  te s t  is 

whether the  in su la to r has passed o r fa iled .
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Since the  emphasis here is on the  establishm ent o f an " Experimental 

techn ique",various approaches using d if fe re n t  c r ite r ia  were explored, 

'he w iths tand  te s t  method described in Ch.4:Z was f in a lly  adopted 
because:

l) two d if fe re n t  modes causinq head punc tu re  were id e n tifie d .

The f i r s t  one leads to  an almost instan taneous breakdown o f the  

in su la to r. This mode appears to  he o f an in tr in s ic  na tu re  and is 

tr ig g e re d  by im purities  o r mechanical fa u lts  in the  in su la to r 

head.Because o f th e ir  almost instan taneous na tu re  these punc­

tu re s  are u n a ffe c te d  by the  ra te  o f r ise  o f vo ltage.

O bservation o f the  e llipse  on an ERA discharge d e te c to r  has 

id e n tif ie d  the  second mode as one which appears to  cause a 

"Treeing" process in th e  po rce la in  in s u la to r head.This mode is 

cha rac te rized  by the  presence o f well developed p a r t ia l d ischarge 

a c tiv ity ,w h ic h  a ll o f a sudden increases ra p id ly  and s tead i.y ;ie . 

i t  "t i f t s - o f f "  when punc tu re  is imminent.up to  the in s ta n t th a t 

breakdown a c tu a lly  occurs. The time from  " L i f t - o f f "  o f  the p a r t ia l 

d ischarge a c t iv i ty  u n t il fa ilu re  o f the  in su la to r takes place is 

fin ite .D ependan t on th e  magnitude o f the  applied vo ltag e  th is  

va ries  from a few seconds at. 80 KV to  a f ra c t io n  o f  a second a t  

IXf) KV.The vo ltage  a t which th is  mode is in it ia te d  is easily passed 

by and missed e n tire ly  when th e  applied vo ltage  is ra ised 

continuously  a t  a rap id  ra te .

I t  is th e re fo re  p re fe ra b le  to  se t the  vo ltage  a t  a fixe d  leve l 

and to  perfo rm  a w iths tand  tes t.N e ve rthe less  i t  must be 

remembered th a t  w iths tand  te s ts  perform ed a t vo ltage  spacings 

o f  10 KV lead to  rounding e rro rs  o f ± 5 KV o f  the  chosen s e ttin g  

when determ in ing the  pun c tu re  vo ltage .

S) A p a rt from the  applied vo ltage  a whole b a t te ry  o f variab les

was m onitored.(V ide Ch.4:2 Page 16 fo r  d e ta ils .) The record ing  o f 

th is  da ta  was s im p lified  using vo ltage  w iths tand  te s ts . I t  was a t  

times near impossible to  observe a ll the  instrum ents simul­

taneously when the vo lta g e  was ra ised con tinuously .

te s ts  conducted e a rly  on in the experim enta l phase showed th a t
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w ith  th e  vo ltage  clamped to  a f ixe d  vo ltage  lev m punctu re  

occu rred  w ith in  two m inutes o f app ly ing  the vo ltage  or no t a t a ll. 

This was the cose irre s p e c tiv e  o f how long the  vo ltage  was 

m aintained in excess o f two m inutes.For th is  reason a two m inute 

DM cyc le  was chosen.

4) I he two minute OFF cyc le  served as a re s t period  between the  

various w ithstand  te s ts  perform ed on the same insu la to r.

5) Vo ltage w ithstand  te s ts  fu rn ish  punc tu re  vo ltag e  data in d is c re te  

fo rm .It is th e re fo re  possible to  draw up histogram s which d e p ic t 

the frequency d is tr ib u tio n  o f pun c tu re  o ccu rr in g  a t  a c e rta in  
vo ltage.

Various o th e r avenues o f perfo rm ing  punctu re  te s ts  were 

explored b e fo re  the  a u th o r decided to  s e t t le  fo r  the  above mentioned 

procedure .In  p a r t ic u la r  the  pun c tu re  te s ts  o f Series 6 insu la to rs  should 

be m entioned here. Those te s ts  were perform ed using a continuous 1 min. 

CUN vs.no OFF time du ty  cyc le ; i.e.The vo ltag e  was applied con tinuouslv  

fo r  a du ra tio n  o f 1 min.and was then  ra ised in increm ents o f U K\z 

to  he nex t leve l w ith o u t observ ing  a re s t period.

A comparison o f the  re su lts  using the  two methods is g iven in 
Chapter 5.

4:4 The Punctu re  le n t in 5F^.

The somewhat g re a te r ease w ith  which nas can be handled is a 

convenience when using Sf^ as th e  immersing medium fo r  punctu re  te s ts . 

There are  no messy residues when an in su la to r is re tr ie v e d  as is the  

case w ith  o il. This advantage is o f fs e t  bv the  h igher c a p ita l o u tla y  fo r  
gas handling and recyc ling  equipment.

A t a pressure o f 40TJ Kpa abso lu te  th e  breakdown s tre n g th  o f  

SF  ̂ is more o r less equal to  th a t  o f m ineral o il.However, the re la t iv e  

p e rm it t iv ity  o f gas is un ity .The e le c tr ic  f ie ld  around a cap and pin 

Insu la to r immersed in is h igher than in o il under Identica l 

c ircum stances. This in fe rs  th a t  p a r t ia l breakdown o f the  gas w ill occur 
a t a lower vo ltag e  than in o il.

/  T x it



4:5) Specifications o f I bhL C irru it, and Power Supply

The experim enta l w ork is c a rr ie d  ou t by te s tin g  one in su la to r a t  a 

time in a pressure vessel o f ?,? m3 volume which is f i l le d  w ith  S i,  All 

tf?sts were c a rr ie d  out a t a gas pressure o f 0)0 kPa aba.

rite maximum ou tpu t vo lta g e  o f the te s t tra n s fo rm e r is ??*> k v .

Ihe in s u la to r or te s t  specimen is suspended inside the te s t vessel 
by means o f a g ird e r made from  angle iron.

A p ic to r ia l re p re se n ta tio n  o f the te s t vessel and gas handling 

equipment is g iven in f igsA-1 and U\? on Page ?S.

• he p r in c ip a l piece o f  equipment o f the  e le c tr ic a l te s t c ir c u it  is 

the power supply.This is in th e  form o f a single phase high vo ltage 

trans fo rm er which is mounted on the  top  r ig h t hand side o f the pressure 

vessel as shown in Fig.4:1.The main s p e c ifica tio n s  o f th e  trans fo rm er 
are lis te d  in Appendix u on Page A7.[?oj

The te s t tran s fo rm e r is fed  by a m otor co n tro lle d  supply tra n s ­

fo rm er.w ith  a secondary vo lta g e  range from 0 to  1000 V.

■ he f.est c ir c u it  which was employed in the fo llow ing  experim ents 

is given in f ig . 4:3 on Page 24.The fo llow ing  d e ta ils  should be noted:

Hie high tension te rm ina l o f the  secondary w inding is connected 

to  a se t u f busbars inside the  pressure vessel.The return  term inal o f  

th is  w inding which is earthed  v ia  c u rre n t trans fo rm er CT 1 (Ratio 1:1) is 

formed by the  casing o f the  pressure vessel. The secondary winding o f 

CT i is w ired to  a m illi-am m eter on the  c o n tro l desk.CT 1 is u n fo rtu n a te ly  

connected in a way as to  re g is te r  no t only the possible in su la to r 

t.ui i en t bu t also th e  p a ra s itic  ca p a c itive  c u rre n t o f the  pressure vessel, 

fhe la t te r  q u a n tity  is almost 10 times as la rge  as the  fo rm e r.fo r  th is  

reason the  basic trans fo rm er c ir c u it  was expanded to  the  c o n fig u ra tio n  
as employed in F ig .4:3.

in the c ir c u i t  of f ig . 4:3 on Page /4  the c u rre n t th rough  the  te s t 

specimen is iso la ted  from  the  to ta l c u rre n t by the in se rtio n  o f a second 

c u rre n t tra n s fo rm e r CT ? (R atio  1:1).CT I  is mounted phys ica lly  inside 

the te s t vessel.The prim ary w inding is w ired between the  pin o f the  insu­

la to r specimen and the wall u f  the  pressure vessel.The secondary winding 

is term inated by an insu la ted gaske t on the pressure vessel.The connection  

between the  te s t  vessel and th e  c o n tro l desk is achieved by means o f a 
co-ax ia l cable.



J iil Test vesse l in th e  "S II:mi <\s H igh V u lta q e  le s t  F a c il ity

o f  th e  U n iv e rs ity  as used fo r  the  I xn e rim e n tu l Work.

i iq /«:/ Gas M ecyrlinq f q u i p m e n t



' lo r . t  vesse l in  the  "SlfcMfNS H igh V o lta g e  Test F a c il i ty

o f th e  U n iv e rs ity  as used f o r  th e  F xpe rim en ta l Work.

Fig Gas Henyclmg I guipmnnt
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I NSULATOR

CO AXIAL CABLE

_ TO DVM 
R & SCOPE

CT 1

CT2 T 3

F iy A: i 1 pgI  r ircu ir.

HT G-tjh voitage Lt»sL LrnnrifnrmiT

CT1 C u rren t tra n s fo rm e r in s ta lled  by m anu factu re r (R«jtio 1:1)

CT? C u rren t tra n s fo rm e r which is phys ica l I v ins ta lled  in te s t  vessel.(Ratio 1:1)

CT i  Iso la tion tra n s fo rm e r a t p o in t o f  ins trum en ta tion  ( Ratio 1:1)

F Ferru les ( Black F e rr ite  Beads )

C Surge suppression c a p a c ito r

R Voltage sampling re s is to r

A summary o f th e  p e r t in e n t s p e c ific a tio n s  o f those instrum ents is 

given in Appendix A on Page A



Insu la tion between the  hiqh tens ion  c ir c u it r y  and the reco rd ing  

ins trum en ta tion  is improved bv te rm in a tion  the coax ia l cable w ith  a 

th ird  CT ie.CT j  o f ra t io  1:1.

C f S in  tu rn  is te rm ina ted  by h surge suppression c ir c u it  and a 

10 Ohm shunt res is to r.The  surge suppression c ir c u it  consists o f tv.-c. 

black fe r r i t e  beads and a ca p a c ito r o f  100 pF.rhe vo ltage  across the  

re s is to r is m onitored by a d ig ita l vo ltm e te r and a s to rage  oscilloscope.

To e lim inate leakage c u rre n ts  due to  d if fe re r in g  e a rth  p o te n tia ls  

se lec tive  grounding is omploved.

All a u x ilia ry  equipment, is energ ized through a mains iso la tion  

tran s fo rm e r so as to  shie ld  the  ins trum en ta tion  aga inst d l /d t  and 

dV /d t spikes.

These e leabo ra te  p ro te c tio n  measures were adopted because the  

employed d ig ita l vo ltm e te rs  c o n tin u a lly  fa ile d  and m alfunctioned on the  

occurrence o f  a puncture .The problem was f in a lly  tra ce d  to  the power 

supply o f  the instrum ents concerned which lacked any form  o f  surge 

p ro tec tion .T he  use o f b a tte rv  opera ted  DVM's overcame th is  problem.

A l is t  o f the  a u x ilia ry  equipment employed to g e th e r w ith  the  main 

sp e c ifica tio n s  o f the ind iv idua l Instrum ents is g iven in Appendix /« on 

Page a 7.

/ ' : 6 i  P a r t i a l  D i s c h a r g e  M c . i s u n ' m r n t . s

P a rtia l d ischarge measurements were perform ed on 80 in su la to rs  

so as to  es tab lish  in what measure such a c t iv i ty  is responsible fn r  

in it ia t in g  d ie le c tr ic  breakdown.These measurements were perform ed 

using an ERA Model i  d ischarge d e te c to r.

The te s f c ir c u i t  employed is shown in F ig.4:4 below. I he fo llow ing  

fa c to rs  must be uum-* in mind when ta k in g  readings.C mls the  high 

vo ltage arm ot a ca p a c itive  vo ltage  d iv ide r.Th is  ca p a c ito r is mounted 

inside the  gas tank o f the  h igh vo ltage  supply trans fo rm er. ( Cm 9pF). 

ro r  maximum s e n s it iv ity  o f  reading CK v.',,ere Cx is the  capac itance  

o f the te s t specimen,In th is  case a cap and pin in s u la to r .( 'x is given as 

ibU pf .when Lht* p a ra s itic  capac itance  o f the te s t  vessel is taken in to  

cons idera tion , fhe  re s u lta n t s e n s it iv ity  is th e re fo re  low.|?1|



The c o rre c tio n  fa c to r  Qa(.f x Unom^«9 determ ined bv usintj

n d ischarge sim ulation un it.

Procedure o f c a lib ra tio n  and o the r re levan t da ta  concern ing the 

p a r t ia l d ischarge readings are g iven in Appendix 5 on Page A

H. T O - O I S P L  AY  •

Termination v ia  
coaxia l cable 
os in F ig.t:$

• C irc u it  employed to  measure nartic .l d ischarges

H.T. Migti tension  tran s fo rm e r

C m High tension  arm o f  ca p a c itive  vo ltag e  d iv id e r

C p P a ras itic  ca p a c ito r formed t y  to s t vessel and HI

I inpu t u n it  o f fcHA discharge d e te c to r.

Cx Capacitance o f to s t  ob jec t ie. In su la to r



b) OBSERVATIONS AMD HbSUITS ■

Q-1) hrnnut?n('y O is trib u tio n  u f Puncturnb ars a 1 u n rt iun o f the Applied

VolLnow

The fo llow ing  resu lts  were obta ined fo r  the  S i i  insu la to rs  which 

tes ted  experim enta llv :

Ratio o f  head to  shed punc tu res  1

Average punctu re  vo ltage  o f  a ll insu la to rs  118,1 k v

Ten in s u la to r*  did n o t punc tu re  ‘ M l due to  steady s ta te  flash  

over a t vo ltages  in the v ic in ity  o f  1 sv ese a re  th e re fo re  no t 

re fle c te d  in the  fo llow ing s ta t is t ic s .

a] Head Punctures

No.of punctu res 

Minimum punctu re  vo ltage  

Average punctu re  vo ltage  

Maximum punctu re  vo ltage  

Standard dev ia tion

b) Shed Punctures

No.of punctu res 

Minimum punctu re  vo ltag e  

Average punctu re  vo ltag e  

Maximum punctu re  vo ltage  

Standard dev ia tion

17*5

80 KV 

114.2 KV 

150 KV 

17,2 KV

48

110 KV 

131,7 KV 

150 KV 

9.7 KV

Vide Figs. 5:1 and 5:2 on Pages 28 and 29 re sp e c tive ly  fo r  the  

frequency d is tr ib u tio n s  o f the  above resu lts .
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The fo llow ing  po in ts  have boen noted from the  histogram s o f

Figs.5:1 and 5:? as well as the resu lts .

1) Head punctu res peak a t KV.the vo ltage  a t which i0% n f a ll 

fa ilu re s  namelv punctu res o c c u rre d .'h e  frequency  o f punctu re  

o ccu rr in g  drops o f f  ra p id ly  on e ith e r side o f th is  vo ltage .

2) A s im ila r p a tte rn  is observed fo r  shed pun c tu res  which have a 

peak a t  1511 KV.

<) Onlv 20% n f all puncture :, m i-u rred  a t vo ltages  he low 110 KV.This

figu re  ignores the  fa ilu re  ra te  o f the ro u tin e  p roduc tion  te s t 

which easily  amounts to  it) 9  v>% o f the  to ta l number o f  in su la to rs  

tes ted . For d e ta ils  o f the  rou tine  p roduc tion  te s t  Vide C h.1:1 

Page 12.

M \ o  punctu res  o f  e ith e r  head o r tvhed type  were recorded fo r

vo ltages in excess o f ISO KV: ic .^ ll in su la to rs  fa iled  a t  o r below 

ISO KV.

S) As a ru le  V p HO KV i?" th e  threshold  vo ltag e  in excess o f which

shed punctu res in va riab ly  occur.Mead punctu res have however 

occu rred  a t  vo ltages as h igh as IN) KV.Conversely.shed punctures 

have been observed a t 110 KV.

The ind iv idua l re su lts  are given in Appendix 6:1 on Pane A 13.



5:2) S ta t is t ic a l Analysis o f 1 - F(V J

The c u rre n t o f each in su la to r o f  the batches •* to  fl was measured 

so as to  es tab lish  a link  between c u rre n t flow  and punctu re  mechanisms.

— lev %l - min
I- av

I- max - sd !

80 166 0.85 0.90 0.96 0 .0 2 1

90 165 0.94 1 .0 1 1.08 0.028

1 0 0 U 2 1.05 1 .1 2 1.19 0.051

n o 1 2 / 1.16 1.25 1.52 0,056

1 2 0 1 0 0 1.26 1.56 1.41 0.059

150 V 1,5/ 1,46 1.55 0.045

Iti) 1 2 1.65 1.57 1 . 6 6 0.051

150 2 1,58 1.65 1.73
* *

S ta t is t ic a l e v a lu a t io n  o f in su la to r c u r re n t as a fu n c tio n  o f  

the applied vo ltage .

applied vo ltage  w iths tand  level in KV

no.o f samples used in com puting the  average c u rre n t and

the standard dev ia tion .

minimum c u rre n t

average c u rre n t

maximum c u rre n t

s tandard dev ia tion  o f  c u rre n t

Curves dep ic ting  1 ,1 1 as a fu n c tio n  of the applied
mi i av max

vo ltage a re  given in f ig .5:1 on Page 12

TABLE 2:

V lev 
%

min

'  OV

1 max 

1 « ,
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linimum

 .

I—  i  1-1-------- 1------- 1------- 1------- 1------ 1—
70 80 90 1 0 0  1 1 0  1 2 0  130 U 0  1 0 0  160

Vs in K V — *"
lo s tila to r ewprenL aa a ftim itJcm o f  U>e appliod vollatjie .
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The in s u la to r current. i?i made up o f two components,namely c imall 

conduction c u rre n t which is in phase w ith  the applied vo ltage  ^

dominating ca p a c itive  c u rre n t which leads the vo ltag e  by 90 .

To estab lish  the magnitude o f these com ponents.capacitive and ta n  ( - ) 

measurements were recorded fo r  15 insu la to rs  using a logarithm ic  Lf.R 

bridge. Cav $2.5 t  0,5 pF. Tan ( f  ) averages ou t a t  O.Ot.t o r an 

applied vo ltage  o f 1?0 KV the  average in su la to r c u r re n t is 1.3i. mA.

( Vide Table 2,Page 31),hencE:

i f  the  conduction  c u rre n t component is neg lec ted  then l t lCQp 

and the  measured insu la to r capac itance  can be v e r if ie d  as fo llow s:

1 , x sin(arctan<O.Q<f)l 

] , iu  x cos |a rc tan (0 .0 /«)l
cap

(1.05mA o r  50 uA 

l . t /4 mA

wC
C

w V upp

where:

V

C

in su la to r c u r re n t in mA 

applied vo ltage  in KV 

capacitance in pF.

then C

4 g a in  consider the  case o f V

The d isc rep «n rv  in the  re s u lt fo r  the two methods is :

35.6 - 3?,5

15.6

8.7 %
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The in su la to r c u rre n t is made up o f two components,namelv a s 

conduction c u rre n t which is in phase w ith  the appiied vo ltage and r. 

dominating ca p a c itive  c u rre n t which leads the vo ltage  bv 90 .

To estab lish  the  magnitude o f  these com ponents.capacttive and tan  (=  

measurements were recorded fo r  15 in su la to rs  using a logarithm ic ICR 

bridge. C QV 32.5 t  0.5 pF. Tan (- ) averages o u t a t O.OLFor an 

applied vo ltag e  o f 120 KV the average in su la to r c u r re n t is 1.34 mA.

( v ide  Table 2.Page 31).hencl :

1 .  i,v *  x stnlarctarKO.OMI 0.05mA or 5(1 uA

Cond, x cos(arctan(0.0/«)| • mA
cap

If th e  ('onduction c u rre n t component is neg lected then l| l ca 

and the measured in su la to r capac itance  can be v e r if ie d  os follows:

I r - L — »  C -  - V
I W C ^  Vupp V app

where:

I in su la to r c u rre n t in mA

V* applied vo ltage  in KV
app

C ip a c ita n c e  in p‘ .

Again consider the  case o f V .jp * V/0 KV and -1.34 mA

35.6 p f

-.PP

3185 x 1.34
then C • v n

Ihe d iscrepancy in th e  re s u lt fo r  the two methods is



P4GE 34

The re s u lts  in TABLE 2 and Fig.5:T show th a t the  Insu la to r c u rre n t 

is an almost lin e a r fu n c tio n  o f  th e  applied vo ltage.The in su la to r c u rre n t 

does va ry  as a fu n c tio n  o f  Vs b u t is stab le ;!? . There are  no hys te res is  o r 

other fa c to rs  p resen t which d is to r t  the readings when the  vo ltage  is 

lowered and rera ised.As can be seen from  the  ind iv idua l resu lts  in 

Appendix 6:2 on Page A IH .th is does no t imply th a t the  c u rre n t readings 

fo r the various in su la to rs  are necessarily  Identica l.The 1, ♦( V s )

curve on Page 32 shows th a t  va r ia tio n s  n f ♦ 0.03 mA occurred  around 

the average values cu rve  over th e  whole range o f te s t  vo ltages.

UP to  and u n til punctu re  occu rred  no apprec iab le  increase in the  

c u rre n t readings was d isce rn ib le  to  the naked eye.Once punc tu re  had 

taken place the  cu rren t rose sharp ly  to  the  steady s ta te  s h o rt c irc u it  

c u r re n t. The tra n s it io n  from  maximum vo ltage  s tre ss  to  steady s ta te  sh o rt 

c ir c u it  c u rre n t takes place w ith in  one q u a rte r  cyc le  o f the supply vo ltage  

frequency ;ie .in  less than 3  mB.This p a tte rn  o f development was observed 

fo r  punc tu res  o f  both  th e  "instan taneous" and "Treeing" type.

The c u rre n t waveforms o f bo th  the  in su la to r c u rre n t and the 

tra n s it io n  in to  s h o rt c ir c u it  were observed on a s to rage  oscilloscope.!^

Is sinusoidal and leads the applied vo ltage  by 90°.Fig.3:4 on Page 33 shows 

the ev ents leading to  a head punc tu re . Tho magnitude o f the  re su lta n t 

sho rt c ir c u it  c u rre n t which is aiso sinusoidal is lim ited  by the  impedance 

o f the  power supply, in th is  case I pp 6UU mA o r b-ms • 213 mA.

Tpy s h o r t c irc u it  cu iren t. waveform  o f a jh e d  punctu re  is d is to r te d

by the flo sh o ve r as is shown in  1 ig.5:3.
On bo th  o f  these figu res  th e  high frequency damped o sc illa tio n s

are caused by corona d ischarges.
The ind iv idua l re su lts  o f 1, as a fu n c tio n  o f V $ are given in 

Appendix 6:2 on Page A 13.
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'r.U C u rre n t waveform  o f  a liuatl puncture

I iq C u rren t waveform  o f a shed punctu re .
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f jg S:<. C u rren t w.n,vfurm o f a huaii punctu re

I jrj Current, waveform  o f 'ihorl punctu re .
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5:3) Flasnover and Corona Incep tion  Vohages

a) Flashover

The flasho ve r a c t iv ity  o f a ll ?33 specimens was investiga ted  

g iv ing the fo llow ing  resu lts :

No.of in su la to rs  which flashed over 80

Minimum incep tion  vo ltage  100 KV

Average incep tion  vo ltage  1?0.o KV

Maximum incep tion  vo ltag e  15? KV

Standard D evia tion  9.7 KV

"f lashover Incep tion  V o ltage" implies th a t  vo ltage  a t which p a rtia l 

flashover occurs:ie .F lashover occurs w ith  subsequent e x tin c tio n  o f 

the arc.
Sporadic flashover was observed on 8U in su la to rs  fo r  vo ltages 

ranging from 100 to  150 KV.Once flasho ve r had been in it ia te d  a t a 

w ithstand  vo ltage  level i t  re -appeared in the fo llow ing  te s ts  which were 

perform ed a t h igher vo ltages.S porad ic flashover w ith  a tte n d a n t e x t in c ­

tio n  o f the  a rc  provided no obstac les to  puncture  testing.O nce the 

140 KV w iths tand  leve l was reached flashover however appeared in the  

form o f a s h o rt c ir c u it  power a rc  which encompassed both cap and pin 

by fo llow ing  a crazed path  across th e  su rface  o f th e  insu la to r.

b) Corona

The corona ic  behaviour o f  a sample o f 141 in su la to rs  comprising 

a ll the in su la to rs  from batches b.7 and 8 was recorded.

No.of ins.on which corona was observed 

Minimum incep tion  vo ltage  

Average Inception  vo ltage  

Maximum incep tion  vo ltage  

S tandard Deviation

44

70 KV 

10b.4 KV 

1Z0 KV 

9.17 KV

I he presence o f corona cou ld  be heard b u t was also v is ib le  on the 

storage oscilloscope In the  form o f  damped sinusoidal o sc illa tions  o f 

sho rt dura tion .A n  example o f th is  a re  the o sc illa tio n s  on the  le f t  hand 

side o f F ig.5:4 on Page 55.
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Corona appeared at. vo ltages below th e  ashover level in the 

range from 90 to  110 KV.As the re s u lts  o f Appendix 6:3 show,corona is 

in manv instances a p recu rso r to  flashover.For 6% o f  the te s te d  insula- 

t rs  an excessive bu ild  up o f corona was observed a t vo ltages as low 

as 90 KV.The re s u lta n t level o f a c t iv i ty  was such th a t  the readings on 

the DVM and oscilloscope went w tld lv  ou t o f  con tro l.The  applied vo ltage  

was then lowered to  zero and re ra ised  a f te r  the two m inute OFF time 

in te rva l.B y then th is  phenomenon had disappeared.O ccasionally however 

i t  reappeared w ith  undiminished in ten s ity .T h e  u ltim a te  punctu re  vo ltage  

was no t a ffe c te d .[h is  is possibly a cond ition ing  e f fe c t  associated w ith  

the presence o f dust p a rtic le s  on the  in su la to r su rface .

" G l e a n "  v s . " c u l l u t e d "  i n s u l a t o r s

Puncture te s ts  were perform ed on ‘Al "Po llu ted" insu la to rs .

The resu lts  a re  compared to  a re p re s e n ta tiv e  ba tch  o f 5 "Clean" 

insu la to rs ."P o llu ted" insu la to rs  fu i the purposes o f the  experim ent 

implies fa c to ry  soiled /unwashed insu la to rs .

Ratio o f head vs .Shed punctures:

Clean in su la to rs  43:11 P o llu ted in su la to rs  39:11

I n s .
-  V -m in V—aw V— m a x %Sd

C l  h p M 80 '13.7 140 16.8

C l  s p 11 VO 134.5 190 8 . 2

P I  h p 39 80 105,4 130 17.6

P I  s p 11 1 1 0 1?6.4 140 10.3

1 A B L 1  3:

Comparison o f punctu re  vo ltag es  "c lean" vs. "P o llu ted" insu la to rs

Cl hp Clean insu la tors.head punctures

Cl sp Clean Insula tors,shed punctures
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PI hp Pollu ted insula tors.head punctures

PI SP P o llu ted insu la tors,shed punctu res

N No.of samples

V p min.
minimum punctu re  vo ltage  (in KV)

V p av
average punctu re  vo ltage  (in KV)

V o max maximum punctu re  vo ltag e  (in KV)

V sd
standard  dev ia tion  (in KV)

fhti frenuencv d is tr ib u tio n  o f those re su lts  is g iven in Figs.5:6 

to  5:9 on Payes 39 and 40 re sp e c tive lv

1- mm - av
t
- max - sd

u; 0.87 0.90 0.94 0.018

90 44 0.9/ 1 .0 2 1.06 0 ,0 2 1

1 0 0 40 1.08 1.13 1.17 0 . 0 2 2

n o y; 1 .2 1 1.25 1,29 0.025

VO 35 1.32 1.36 1,41 0,029

HO 1 1 1.44 1.49 1.52 0.027

HO 2 1,61 1,615 1.62 -

1 %) 1 - 1.73

TABll: >*: E va lua tion  o f I, • f(V$ ) fn r  clean insu la to rs

V-  lev n ,
I• min

1
• av - max

1 . - sd

80 46 0,87 0.91 0,95 0.016

90 42 0,98 1.03 1.08 0 . 0 2 2

1 0 0 35 1.09 1,14 1,19 0.025

1 1 0 27 1 ,2 2 1.26 1,32 0.078

1 2 0 2 0 1,34 1,38 1,42 0,024

130 1 1.48 1.51 1,55 0,024

140 2 1,63 1,65 1 , 6 6 0 ,0 2 1

fABl 1 S: Eva lua tion  o f ![ - f(,Vs ) fo r  po llu ted  insu la to rs
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The abb rev ia tions used in Tables U and 5 are the  same as those 

employed fo r  Table ? on Page 31.

With re fe ren ce  to  Batches 1 to  8  as g iven on Page 18 the fo llow ing  

insu la tors  were used in perfo rm ing these experim ents.

Clean Insu la tors : Nos.4:1 - 4:30 5:?1 - 0:30 7:1 - 7:24

Polluted Insu la tors : Nos.b:! - 5:20 6:1 - 6:30

5:5) Breakdown o f ' es t  Data in Accordance w ith  Batch Numbers

4 reco rd  o f m a nu fac tu re r's  lo t  numbers was ke p t fo r  insu la to rs  

o f Series 8 . (he 81 insu la to rs  which comprise ha tch  8  a re  made up o f 

insu la to rs  coming from 21 d if fe re n t  m anufacturing  lo ts . The no.of sam­

ples per lo t  was th e re fo re  too  small to  produce any meaningful s ta ­

t is t ic s .44 insu la to rs  belonging to  th re e  d if fe re n t  lo ts  were however 

id e n tif ie d  and tes ted . Fourteen o f  these in su la to rs  belonged to  ba tch  

/M while 15 insu la to rs  each belonged to  lo ts  7C and 15 respec tive ly .

All o f these insu la to rs  were m anufactured in 1979.The year o f 

m anufacture to g e th e r w ith  the  lo t  nn.are p r in te d  on the  in su la to r shed. 

The ch a ra c te rs  o f the lo t  numbers are  in te rp re te d  in the  fo llow ing 

manner: The numeral ind ica tes  th e  month whereas the  aloha numeric 

ch a ra c te r id e n tif ie s  the day o f m anufacture .eg. /M is the  13th w orking 

day in July.

4 s ta t is t ic a l eva lua tion  o f  th e  re su lts  ob ta ined from te s tin g  

batches 7H.7C and 15 is g iven in I able 6 .

Batch No N x/ -m m
V
~av

V
"m ax ~sdV

:5 hp 5 80 1 2 0 150 26.5
15 sp 5 1 2 0 1(4 150 11.4

n : hp 13 80 113 140 18.0
7C SP 2 1 2 0 129 170 0

/M hp 1 0 80 115 140 16.5
7M 3P 4 13(1 130 130 o

14Hi I 6 : Eva luation o f Data in accordance w ith  m anu fac tu re r's  lo t  nos.
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Tho abb rev ia tions used a re  the same as those i" -  >loyed in TABLE 3 

on Pagn 37.
Five in su la to rs  from b a tch  15 and one from ba tch  /M did no t 

puncture  a t  a ll.F lashover made fu r th e r  te s tin g  impossible beyond the  

w ithstand leve l o f  130 KV.The fo llow ing  insu la to rs  were used in p e r fo r ­

ming the above experiments:

Batch 15: 8 :1)6 • 8 :??

Batch 7C: 8:07 and 8:3? - 8:65

Batch /M: 8 :0 1 - 8:05 and 8:7 3 - 8:31

The ind iv idua l re su lts  a re  recorded in Appendix 6:1 on Page A 16.

5 :6 )  P a r t i a l  P i : , c h a r g e  A c t i v i t y  w i t h i n  t h e  I n s u l a t o r  a s  a  F u n c t i o n  o f

t h e  a p p l i e d  v o l t a g e

In a d d ition  to  the  reco rd ing  o f o th e r data p a r t ia l discharge 

measurements *e re  c a rrie d  o u t on a ll insu la to rs  p i ba tch  8 . i he re su lts  

do no t le rd  themselves to  a rigo rou s  analysis bu t have yie lded some 

very in te re s tin g  observa tions on the in te rn a l behaviour o f the  in su la to r 

P a rtia l d ischarge a c t iv i ty  in one form  or ano the r was observed in 

b0 \  o f the  in su la to rs  tested.M o d e fin ite  p a tte rn  between puncture  

vo ltage  and p .d .a c tiv ity  could be establ bed.The observed p .d .a c tiv ity  

was usually ve ry  sporadic and random.

The fo llow ing po in ts  were noted:

1) The magnitude and den s ity  o f the observed p a r t ia l d ischarges was

d is tr ib u te d  eoually between both +ve and -ve  cyc les o f the 

sinusoidal vo ltage  wave.
?) In some instances p.d .a c t iv ity  in th e  »ve h a lf cyc le  exceeded th a t

in the  -ve h a lf cyc le  e ith e r  in magnitude o r frequency and 

occasiona lly  both.
3 ) C e rta in  insu la to rs  have a p.d .incep tion  vo ltag e  o f less than 50 KV.

Once in it ia te d  p .d .a c tiv ity  is well developed.

U) The presence o f p .d .a c tiv ity  on its  own is no t s u f f ic ie n t  evidence

th a t  breakdown is imminent.This p o in t is discussed in more d e ta il 

in the fo llow ing  Chapter.
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5:7) Physical Uamaae u f t.he InsuInLor duo to  i'unrt.u i r

t\ post mortem w<« conducted on 70 insu la to rs  which punctured 

in the head.
To th is  purpose th e  in su la to r shed was knocked o f f  and the 

metal cap was c u t open.Dopendlny on how well i t  was developed,the d is­

charge channel caused a localized mechanical we '< spot.This channel 

was la id  bare bv app ly ing several blows from  a heavy hammer.Occaslonally 

the in su la to r s h a tte re d  in  sucn a manner th a t  the d ischarge Channel

could no t be located.
An ana lys is o f the  lo ca tio n  o f punc tu re  paths yielded the  fo llow ing

frequency o f occurrence:

1)

2)

5)

U)

<>)

b)

Corner u f cap to  sharp o r i g v  o f p in 

C entre o f  cap to  ce n tre  o f pin 

C entre o f cap t o  sharp e d g e  o f  pin 

Side o f cap to  stem o f pm 

Side o f cap to  sharp edge o f pin 

f  xac t lo ca tio n  n o t established

uu
7

i

i

?

11

f ig .5:10 shows the  various lo ca tions  which were id en tific  d.( The 

KW to  the numbering is in accordance w ith  the  above lis t.)  I t  is seen 

from  the above dissection data th a t  85% o f a ll punc tu res  start, cr 

te rm ina te  a t  o r near the  sharp edge u f the pin.dome typ ica l d ischarge 

tra cks  are shown in f ig s .5:1 < on P tges M  and '<5 re s p e c tiv e ly .

The th ickness o f po rce la in  in  the in su la to r head vahe i, Tom 

17,0 to  19.0 mm. 1 he fo llow ing frequency  d is tr ib u tio n  was observed fo r 

5 5  head punctures.

d m mm 

Mo.nf ins.

16.0

10

16.5
3

17.0

a
1 7 .5

11

18,0

10

1 8 .5

16

19.0
U

19.5

2



tm .V . 1 0  S p o c^ ic  locat.innr; o f ht'rid punctures
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K iqs.b:1Q.^:11.5:1? anti 5:13: D ischarge tra c k s  in cap and pin insu la to rs



Discharge tra c k s  in cap and pin insu la to rs
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5 :8 )  C o m m e n t s  o n  u t h o r  r n n o r d u d  D o L a

Total m i? o f puncturns

RuMo of vs.ahnd punctures

The ra te  o f rise  o f v o ltt it ’H is fixed  a t e ith e r  5 KV/ser:. or 

1 0  KV /sec.For th e  in su la to r w iths tand  te s ts  as perfo rm ed ,the  vo 'iage  

was ra ised in a rnndom manner bv a lte rn a tiv e ly  using th e  fa s t and slow 

modes.The fn llow iru i po in ts  were noted:

1) When the vo ltage  was re ra ised  a f te r  a w iths tand  te s t nu in su la to r 

broke down a t a vo ltage below th a t o f the la s t perform ed te s t, 

ir re sp e c tive  o f th e  ra te  o f  rise  o f vo ltage .

The breakdown vo ltage  o f head punctures is u n a ffe c te d  by the 

ra te  o f  vo ltage  risk .

The insu la to rs  o f Batch 7 were sub jec ted  to  the  standard te s -. 

ro u tin e  o f ? mins.(IN I  mtns.QFF up to  1?U KV. Those insu la to rs  which 

had no t punc tu red  bv then  were re tr ie v e d  and sub jec ted  to  a new 

series o f tests .Th is  time w iths tand  te s ts  using a 5 min.On /  S m in.Off 

dvitv cyc le  wem  perform ed a t 100,110 and 120 KV respective ly .The  

tfi.tt cyc le  fo r  1?0 KV is repea ted u n til punctu re  occurs.None n f the 

te s t specimen fa iled  a t  100 or <i0 KV.AH fa iled  a t 120 KV w ith  times 

va ry ing  from 1 to  X0 m in u te s /h e  la t io  o f head vs.shed punctures is 5:1 

Trie ind iv idua l re s u lts  th a t were recorded fo r  th is  procedure 

are g iven a t the end o f  Appendix 6.1 un Page A 15.

As has already been mentioned in L itV •> on Pagt 21,Insu la to rs  

6:1 to  6:20 were sub jec ted  to  w iths tand  te s ts  using a < .inute On , no 

res t period o r rn r,tinuous du ty  cyc le  while the vo lta g e  was ra ised in 

increm ents o f  U KV.The fo llow ing  resu lts  were obta ined:

<0

or i AS)

i ‘p a ( !  F 'o n L to i

No.of punctures 

M ir 'mum punctu re  vo ltage 

Average purr tu re  vo ltage  

Maximum pun. t.ure vo ltage  

Standard dev ia tion

21

011
1C /..S

11?

17,0

KV

KV

KV

KV
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h) ■Shed f ’ u M c t u t c M i

M u . o f  p u n c t u r e s 9
M in im u m  p u n c t v ' o  v o l t a g e  

A v e r a g e  p u n c t u r e  v o l t a g e  

M a x im u m  p u n c t u r e  v o l t a g e  

S t a n d a r d  D e v i a t i o n

H O  K V

1P8.9 KV

112 KV

6 ,9  K V

: a r l y  e x p e r i m e n t a l  w o r k  s h o w e d  t h a t  p u n c t u r e s  o c c u r r e d  w i t h i n  

t w o  m i n u t e s  o f  c l a m p i n g  a n  i n s u l a t o r  t o  a  f i x e d  d i s c r e t e  v o l t a g e  o r  n o t  

a t  a l l . T h e  r e s u l t s  c o n f i r m  t h i s  h y p o t h e s i s .

T h e  o n l y  e x c e p t i o n  t o  t h i s  r u l e  a r e  i n s u l a t o r s  f r o m  B a t c h  (  o r  

S e r i e s  7 )  w h i c h  w e r e  s u b j e c t e d  t o  t h e  r o u t i n e  d e s c r i b e d  o n  P a g e  4 6 .

T h e  n d i v i d u a !  r e s u l t s  t h a t  w e r e  r e c o r d e d  a r e  g i v e n  i n  A p p e n d i x  

6 :S  o n  P a g e  A  3U.
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6 ) D IS C U S S IO N

6 :1 )  A s i i o s s m o n l  o f  t h e  ( x p e r i m e n W I  P r o n n c iu r H :  I h e  P u n c t u r e  T e n t  i n  O i l

v s . t h a t  i n  5 F  »— ^

A s  h a s  b e e n  m e n t i o n e d  i n  C h . 3 :1  t h e  p u n c t u r e  t e s t  d e s p i t e  a l l  

i t s  s h o r t c o m i n g s  i s  a t  p r e s e n t  t h e  o n l y  m e a n s  a v a i l a b l e  t o  p e r f o r m  

e l e c t r i c a l  q u a l i t y  t e s t s .

T h e  s i g n i f i c a n c e  o f  u h e  r e p o r t e d  e x p e r i m e n t a l  w o r k  i s  t h a t  

p u n c t u r e  t e s t s  h a v e  b e e n  p e r f o r m e d  i n  S f-g  I n s t e a d  o f  o i l .

t h e  p r o b l e m s  t h a t  a r e  e n c o u n t e r e d  w , t e n  c o n d u c t i n g  t h e  p u n c ­

t u r e  t e s t  i n  S F ^  a r e  t h e  s a m e  w h i c h  e r e  p r e s e n t  w h e n  p e r f o r m i n g  i t  i n  

o i l . S p e c i f i c a l l y  t h e s e  a r e  t h e  p r e s e n c e  o f  c o r o n a  a n d  t h e  c o n c o m i t a n t  

f l a s h o v e r . a s  w e l l  a s  t h e  p a r t i a l  b r e a k d o w n  o f  tne d i e l e c t r i c  i m m e r s a n t  

a r o u n d  t h e  i n s u l a t o r .

B e f o r e  d i s c u s s i n g  t h e  e f f e c t  o f  t h e s e  p h e n o m e n a  o n  t h e  

b r e a k d o w n  v o l t a g e  o f  i n s u l a t o r s  i n  m o r e  d e t a i l . t h e  p u n c t u r e  t e s t s  a s  

p e r f o r m e d  i n  w i l l  b n  c o m p a r e d  t o  p u n c t u r e  t e s t s  i n  o i l . T h e  l a t t e r  

t e s t s  w e r e  p e r f o r m e d  b y  t w o  i n d e p e n d e n t  p a r  L ie s  o u t s i d e  o f  t h e  

" D e p a r t m e n t  o f  E l e c t r i c a l  F r  g i n e e r i n g "  o f  t h e  U n i v e r s i t y  o f  t h e  W i t -  

w a t e r s r a n d , n a m e l y :

I h e  D e p a r t m e n t  o f  I l e c t r i c a l  E n g i n e e r i n g . U n i v e r s i t y  o f  C a p a  
T o w n  I'/,.

D ie  I n s t i t u u t  v i r  E l e k t r o n i k a . U n i v e r s i t e i t  '. - a n  S t e l l e n b o s c h  ( 4 ) .

I n  b o t h  c a s e s  i n s u l a t o r s  o f  t h e  t y p e  S A G  1 9 - 0 u r  U  r t )  L C  w e r e  

u s e d  i n  p e r f o r m i n g  t h e  e x p e r i m e n t a l  w o r k . T h e s e  a r e  o f  t h e  s a m e  t y p e  a s  

u s e d  b y  t h e  a u t h o r . A  d i r e c t  c o m p a r i s o n  o f  r e s u l t s  i s  t h e r e f o r e  p o s s i b l e .  

T h e  f o l l o w i n g  p o i n t s  s h o u l d  h o w e v e r  b e  c o n s i d e r e d :

1) N e i t h e r  u r  t h e  o t h e r  t w o  p a r t i e s  p e r f o r m e d  w i t h s t a n d  t e s t s  b u t  

r . i i f i i '  ; a p p l i e d  v o l t a g e  i n  a c c o r d a n c e  w i t h  B S - 9 Z 3  w h i c h  

p r o c e  s  d e t a i l e d  i n  C h . 4 :3  o n  P a g e  1 9 .

T h e  n t .  t e s t  s a m p le s  i s  s m a l l , 3 /  f o r  S t e l l e n b o s c h  a n d  ? x  11 f o r

C a p o  T o w n . M o  r e c o r d  o f  m a n u f a c t u r e r ' s  l o t  N o . i s  k e p t  b y  e i t h e r  

p a r t y . N e i t h e r  i s  i t  k n o w n  w h e t h e r  t h e  i n s u l a t o r s  b e l o n g e d  t o  o n e  

a n d  t h e  s a m e  b a t c h  o r  n o t .
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3) The re su lts  o f S te llenbosch are  somewhat misleading in th a t

they have been combined w ith  those obta ined bv Croucher [?] from 

UCT, a lthough the la t te r  used d if fe re n t  te s t  conditions.

TABLE 7 on Page bO compares the  resu lts  obta ined .‘o r punctu re  

tes ts  in o il vs.those perform ed in gas.The experim enta l cond itions have 

been re co n s tru c te d  as fa r  as possible.The fo llow ing po in ts  were 

observed:

1) The ra t io  o f head to  shed punctures fo r  SF^ compares well w ith

the re su lts  obta ined fo r  o il.

?) The range o f punc tu re  vo ltag es ,the  average puncture  vo ltage

and the standard d e v ia tion  are id en tica l in a ll th ree  cases.This 

is t ru e  ir re s p e c tiv e  o f w hether SF6  o r o il was used as the 

immersing medium and desp ite  the  d if fe r in g  te s t c r ite r ia  th a t  

were employed bv each p a rty , 

i)  The average vo ltage fo r  shed punctures was found to  be 130 KV

fo r  SFg .Croucher (2) obta ins values o f 13? and 154 KV fo r  ? 

series o f tes t.T he  re s is t iv ity  o f o il in  each case was 3 * 10 

and 4,7 x 109  Ohm-m respec tive ly .

The fo llow ing fo u r po in ts  a re  observation.', o f a more general

nature.

1 ) f.as is easier to  handle than o il.Th is lias a lready been pos tu la ­

ted in Ch.4:4 on Page ?1 and is subs tan tia te d  by the experimen­

ta l work.

?) Irre sp e c tive  o f the  measures th a t are adopted to  maintain the

p u r ity  o f the o i l , i t  u ltim a te ly  becomes po llu ted  w ith  use.In 

c o n tra s t he re to  the  im purities  in the gas can be f i lte re d  o u t 

during  tra n s fe r  from  s to rage  tank to  te s t vessel and v ice  versa.

3) The pr esence o f a power a rc  across t he in su la to r occasiona lly 

causes p a rt i «l d issoc ia tion  o f the  St g and the fo rm ation  o f fre e  

flu o rin e .

4) Flashover in a ir  does no t a tta c k  the  su rfa ce  o f the in su la to r 

whereas flashover in o il badly in ju res  the  insu la to r su rfa ce .18)

The same even t takes place in SF 6  . Ihe d ry  flashover vo ltage  

in a ir  fo r  in su la to rs  o f tne  type SAG 19-0345 is given as 6 b KV.

In c o n tra s t he re to  flasho ve r in o il and SFg were observed only



LABORATORY CAPE TOWN 1 : apl  TOWN 2 Stellenbosch Wi to

Insu la to r Type SAG
19-0'45

SAG 
19-0 US

SAG
19-0345

SAG
19-0345

Batch size 11 11 37 ? 233

I nsul.medium Transf.o il Transf. o il Sunfl.U il SF gas

R e s is tiv ity  o f  
o il in Ohm-m UJ x in 5 x 1 0 8  x 1 0 -

Rel.Perm itt. 
o f ins.medium ?.o 2 . 0 3.25 1 .0

V
P mm. 1 0? 1 0 0 70 80

V
P av. Vi? 121 7 118,1

V
p max. 150 162 155 ♦ 150

V
P sd V .7 15.9 - 17.2

Ratio u f head 
to  shed punct. 9:? 5:6 2 :1 175:/, 8

Comparison o f punc tu re  tes ts  in Gil vs.SF [ 7,u 19 ]
av fo r  Stellenbosch is meaningless since iso la to rs  .vith v>

155 KV were considered to  be "U npuncturable"

Ihe abb rev ia tions  have the usual meanings employed in TABifr S 1 to 6.

fo r  vo ltages which were in excess o f 110 KV.

The damage to  the  in s u la to r shed can be accounted fo r  in the 

fo llow ing manner:The flashover a rc  is b e t te r  developed a t  the 

h igher vo ltage  due to  the  bigger s h o rt c ir c u it  current. The re su l­

ta n t power a rc  fo llow s th e  path  o f least res is tance which due to  

the high breakdown s tre n g th  o f the o il and SFR is across the 

su rfa ce  o f the shed.The end re s u lt is a crazed path o f damaged 
glazing.



T h e  p r o b le m s  a s s o c ia t e d  w i t h  t h e  p u n c t u r e  t e s t  in  SFg a r e  m u c h  t h e  

t h e  s a m e  a s  w h e n  t h e  t e s t  is  p e r f o r m e d  in  o i l .

•Xs is  b o r n e  o u t fcv t h e  ahu> e  c o m p a r is o n  b e t w e e n  o il  a n d  S Fg .

• -o ro n a  a n d  t h e  e l e j *  r e a l  d is c h a r g e s  p r e c e d in g  t h e  n . e l e c t r i c  b r e a k d o w n  

a r e  n o t  e l im in a t e d  w iie n  u s in g  S i 6 . t ' l a r k e  [cj 1 c la im s  t h a t  t h e  a c t u a l  i n ­

c e p t io n  v o l t a g e  o f  1 u  f o r m a t io n  is  m u ch  h ig h e r  in  o i l  t h a n  o b s e r v e d  

w h e n  s im i la r  t e s t s  a r e  c a r r i e d  o u t  in  g a s , in  p a r t i c u l a r  a i r .  The o b s e r v e d  

c o r o n a  f o r m a t io n  v o l t a g e  in  S F , v a r i e s  f ro m  70 K V  t o  1?0 K V  w it h  a nD
a v e r a g e  v a lu e  o f  106 K hi V id e  C h .h i ib  .P a g e  F6 f o r  d e t a i l s  ).

U n f o r t u n a t e l y  n e i t h e r  M .f C r o u r h o r  [? | n o r  J .P .H o l t /h a u s e n  [<.] 

f ro m  S t e l le n b o s c h  p a id  a n y  a t t e n t i o n  t o  t h is  a s p e c t  s o  t h a t  c o m p a r a t iv e  

f ig u r e s  f o r  o i l  a n d  51$ a r e  n o t  a v a i l a b le .N is h i  |fl] fo u n d  t h a t  c o r o n a  in  

o il s t a r t s  a t  a p p r o x im a t e ly  '0 0  K V  a n d  d e v e lo p s  r a p id ly .H e  d o e s  h o w e v e r  

n o t  m e n t io n  w h e t h e r  t h is  v a lu e  is  f i x e d  o r  v a r i e s  w i t h  t h e  m o d e l o f  

i n s u la t o r .

W h a t h a s  b e e n  s a id  a b o v e  f o r  c o r o n a  'c a n  b e  a p p l ie d  m u t a t  is  

m u ta n d is  t o  f l a s h o v e r . i h e  r a n g e  o f  f i a s b o v e r  v o l t a g e s  v a r i e s  f ro m  

100 t o  ISO K V .H o w e v e r  60  o f  t h e  RC) i n s u la t o r s  w h ic h  d is p la y e d  f l a s h o v e r ,  

d id  s o  s p o r a d i c a l l y  a t  t h e  a v e r a g e  v a lu e  o f  1?0 K V .(  V id e  C h .5  f a .P a g e  

a n d  A p p e n d ix  6 :3  f o r  d e t a i l s . )  A g a in  c o m p a r a t iv e  v a lu e s  f o r  f l a s h o v e r  

v o l t a g e s  in  o i l  a n d  SF% a r e  n o t  r e a d i l v  a v a i l a b le .

T h e  a v e r a g e  b r e a k d o w n  v o l t a g e  f o r  s h e d  p u n c t u r e s  is  13? K V  

w it h  a  r a n g e  f r o m  110 K V  t o  1l>0 K V .H o p w o o d  11R) a n d  o t h e r s  h a v e  s h o w n  

t l i a t  w i t h  t h e  r e l a t i v e  p e r m i t t i v i t y  o f  e q u a l  t o  u n i t y  t h e  e l e c t r i c  

f i e 'd  in  t h e  g a s  w il l  b e  h ig h e r  t h a n  in  o i l . P a r t i a l  b r e a k d o w n  o f  t h e  g a s  

( a n d  h e n c e  s h e d  p u n c t u r e s  ) w i i i  t h e r e f o r e  o c c u r  a t  a  lo w e r  v o l t a g e .

( V id e  C h .2 :3 .P a g e  S f u r  m o re  d e t a i l e d  d is c u s s io n  , f  t h is  p r o b le m .)

N e v e r t h e le s s  u s  h a s  b e e n  m e n t io n e d  e a r l i e r  o n  in  t n is  C h a p t e r  

t h e  b r e a k d o w n  v o l t a g e s  f o r  s h e d  p u n c t u r e s  c o m p a r e  w e l l  t o  i d e n t i c a l  

r e s u l t s  o f  p u n c t u r e  t e s t s  p e r f o r m e d  in  t r a n s f o r m e r  o i l . [21 A s t u d y  o f  

HABIT /  s h o w s  t h a t  t h e  a b o v e  r e s u l t s  a ls o  c o m p a r e  w e !) w i t h  p u n c t u r e  

t e s t s  c o n d u c t e d  in  s u n f lo w e r  o i l .

I t  w il l  b e  s h o w n  in  C h .6 :2  t h a t  t h e  m a x im u m  a p p l ie d  v o l t a g e  f o r  a  

q u a l i t y  a s s e s s m e n t  o f  in s u l a t o r  U  7(i t C  n e e d  b e  n o  h ig h e r  t h a n  100 K V .

I h a t  v a lu e  is  b e lo w  t h e  f la s h o v e r  l e v e l  o f  t h e  in s u l a t o r  a n d  t h e  p a r t i a l  

b r e a k d o w n  v o l t a g e  o f  51 § a t  MID k H a . .w h i le  t h e  p o s s ib le  p r e s e n c e  o f  

c o r o n a  c a n  b e  ig n o r e d .
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F ro m  t h t i  a b o v e  m e n t io n e d  r e s u l t s  a n d  c o m p a r is o n s  i t  c a n  b e  

i n f e r r e d  t h a t  t h e  b r e a k d o w n  q u a l i t i e s  o f  SFg a r e  n u t  i n f e r i o r  t o  t h o s e  o f  

t r a n s f o r m e r  o i ls  d e s p i t e  t h e  d i f f e r i n g  v a lu e s  in  t h e  r e l a t i v e  p e r m i t t i v i ­

t i e s  o f  t h e  tw o  s u b s t a n c e s .

6:2 ) A n a ly s is  o f  t h e  1 1 e g u n n c y  o f  P u i .c t u r n s  a s  a  F u n c t io n  o f  V s

A c c o r d in g  t o  t h e  i n f o r m a t i o n  g iv e n  t o  t h e  a u t h o r  b y  a  le a d in g  

S o u th  A f r i c a n  c e r a m is t  i 1 9 ] ,t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  in s u la t o r  

p u n c t u r e s  a s  a  f u n c t io n  o f  t h e  a p p l ie d  v o l t a g e  s h o u ld  h a v e  t h e  c h a r a c ­

t e r i s t i c s  o f  a  n o r m a l d is t r i b u t i o n .

f i g u r e  5:1 n n  P a g e  28  s h o w s  t h a t  t h is  is  o n ly  p a r t i a l l y  t r u e  s in c e  

th e  f r e q u e n c y  d is t r i b u t i o n  f o r  h e a d  p u n c t u r e s  h a s  t h e  f e a t u r e s  o f  a  

b im o d a l f r e q u e n c y  c u r v e  w i t h  m a x im a  a t  9 0  a n d  120 K V  r e s p e c t i v e l y .

To a s s e s s  in  h o w  f a r  t h e  r e c o r d e d  d a t a  d i f f e r s  f r o m  t h a t  o f  a  

n o rm a  d i s t r i b u t i o n  t h e  f o l lo w in g  t e c h n iq u e  is  e m p lo y e d .

A s t u d y  o f  t h e  h is t o g r a m  o f  f i g . 5:1 r e v e a ls  t h a t  t i  f r e q u e n c y  

d is t r i b u t i o n  o f  h e a d  p u n c t u r e s  o v e r  t h e  v o l t a g e  r a n g e  100 -  150 K v  is  

t h a t  o f  a  n o r m a l  d i s t r i b u t i o n  w i t h  a  p e a k  a t  120 K V .T h a t  t h is  h y p o t h e s is  

is  j u s t i f i e d  c a n  b e  v e r i f i e d  in  t h e  f o l lo w in g  m a n n e r :

1) C a lc u l a t e  t h e  a v e r a g e  p u n c t u r e  v o l t a g e  a n d  s t a n d a r d  d e v i a t io n  

f o r  h e a d  p u n c t u r e s  u s in g  o n ly  t h e  d a t a  r e c o r d e d  f o r  t h e  v o l t a g e  

r a n g e  f r o m  100 t o  150 K V . I h is  g iv e s  t h e  f o l lo w in g  r e s u l t s :

\ o . o f  p u n c t u r e s  H 3

M inim um  p u n c t u r e  v o l t a g e  100 K V

A v e r a g e  p u n c t u r e  v o l t a g e  12 0 .6  K V

M ax im u m  p u n c t u r e  v o l t a g e  150 K V

S t a n d a r d  D e v i a t i o n  1 1 ,5 5  K V

D r a w  a  n o r m a l c u r v e  w i t h  u  12 0 ,0  K V  a n d  (T  1 1 .5 5  K V  w h ic h  is  

s u p e r im p o s e d  o n  t h e  h i s t o g r a . .  o f  F ig .5 : 1 .T h e  p e a k  v a lu e  o f  t h is  

n o rm a l d i s t r i b u t i o n  c o in c id e s  w i t h  t h e  n o .o f  p u n c t u r e s  a t  

u -  120 K V ; ie .9 6  p u n c t u r e s .

V id e  F ig .6:1 o n  P a g e  55 f o r  t h e  r e s u l t . T h e  d e t a i l s  o f  d e r i ­

v a t io n  p r o c e d u r e s  a r e  g iv e n  in A p p e n d ix  /  o n  P a g e  A 52.

\ .B .  T he h is t o g r a m s  o f  I ig s .5 :1  a n d  u:1 a r e  id e n t i c a l .
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TABLE 8 b e lo w  g iv e s  a  c o m p a r is o n  o f  t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  h e a d  

p u n c t u r e s  a s  d r a w n  in  F ig . 5:1 a n d  t h e  c o r r e s p o n d in g  n o .o f  p u n c t u r e s  

cc c u l a t e d  f o r  t h e  s a m e  v o l t a g e  a c c o r d in g  t o  t h e  n o r m a l d is t r i b u t i o n  

d e r iv e d  a b o v e .

J u n c t u r e
v o l t a g e

R e c o r d e d
D a t a

N o rm a l
D i s t r ib u t .

P u n c t u r e
V o l t a g e

R e c o r d e d
D a t a

N o rm a l
D is t r ib .

80 K 0 120 54 54

90 18 2 130 36 37

100 U 12 H O 9 1?

110 28 M 150 4 2

120 56 54 160 - 0

1 M U E  8: f r e q u e n c y  d i s t r i b u t i o n  o f  h e a d  p u n c t u r e s .C o m p a r is o n  o f  t h e  

r e c o r d e d  d a t a  t o  t h a t  o f  a  n o rm a l d is t r i b u t i o n .

f r o m  TABLE 8 a n d  t h e  h is t o g r a m  o f  f ig .5 :1  o n  P a g e  ?8 t h e  f o l lo w in g  

p o in t s  c a n  b e  n o t e d :

1) I n e  f r e q u e n c y  d i s t r i b u t i o n  (  o f  h e a d  p u n c t u r e s  ) f o r  t h e  v o l t a g e

r a n g ?  100 t o  H O  K V  is  f u l l y  e n c o m p a s s e d  b y  t h e  c u r v e  o f  t h e  

d e r iv e d  n o r m a l e q u a t io n .

Z) T he n o .o f  p u n c t u r e s  a t  t h e  f r i n g e s  or' t h e  s p e c t r u m  ie  f o r  V p «

100 K a n d  V p ^ H O  K V  e x c e e d s  t h e  v a lu e  c a l c u la t e d  f o r  t h e  n o rm a l  

d is t r i b u t i o n . A n  in s p e c t io n  o f  TABLI 8  r e v e a l s  t h a t  t h e  w o r s t  

d is c r e p a n c y  b e t w e e n  r e c o r d e d  a n d  c a l c u la t e d  v a lu e s  o c c u r s  a t  

t h e  80 a n d  90  K V  le v e l* ; .

A t  t h e  t o p  e n d  o f  t h e  s p e c t r u m  a n y  d i f f e r e n c e s  b e t w e e n  t h e  

r e c o r d e d  d a t a  a n d  c a l c u l a t e d  v a lu e s  a r e  o f  l i t t l e  im p o r t a n c e .

In  c o n t r a s t  h e r e t o  t h e  w e l l  d e f i n e d  p e a k  o f  18 in s u la t o r s  a t  9 0  K V  

a t  t h e  lo w e r  e n d  o f  t h e  s p e c t r u m  i n d i c a t e s  t h e  p r e s e n c e  o f  i r r e g u l a ­

r i t i e s  in  t h e  q u a l i t y  o f  t h e  t e s t e d  in s u la t o r s .

Two f a c t o r s  d i s t o r t  t h e  r e s u l t s  a t  e i t h e r  e n d  o f  t h e  s p e c t r u m .



1) Mo punctures occurred  a t vo ltages below 8 U KV.This is to  be expected 

since a ll te s t specimen had been sub jec ted  to  and passed the 

ro u tin e  p roduction  te s t as de ta iled  in Ch.3:1 on Page 12. This te s t

is however only perform ed a t a vo ltage  o f 7(1 KV and th e re fo re  

gives no ind ica tion  o f the  freguencv d is tr ib u tio n  fo r  punctures 

o ccu rring  a t vo ltages below th a t level.

2) A t the top end o f the spectrum  the re su lts  are d is to rte d  bv the  

presence o f shed punctures.

In c o n tra s t to  what has been said abuot the  freguencv d is tr ib u tio n  

o f head punctu res th a t o f shed punctures fo llow s a normal d is tr ib u tio n  

w ith u 1i2 KV and IT - 9 ,/ KV ;ie .very steep flanks

The purpose o f a g u a lity  te s t is to  e lim inate fa u lty  specimens,in 

th is  case cap and pin in su la to rs  whose d ie le c tr ic  punctur e s tre n g th  is 

below a p re -se t norm.The question arises: What is th is  norm ?

The analysis o f data pe rta in in g  to  in su la to r punctures is by its  

verv na tu re  a s ta t is t ic a l process as can be deduced from the  resu lts  

and the  subseguent d iscuss ion .lt is th e re fo re  log ica l to  spec ify  gua tity  

c r ite r ia  wnich have been d e iiv e ti from s ta t is t ic a l pai <,m eters.In the 

above mentioned expose an a tte m p t is made to  assess how fa r  the 

recorded da ta  confirm s w ith  the  requirem ents o f a normal d is tr ib u tio n . 

Consider the  fo llow ing sp e c ifica tio n :

Raise the te s t vo ltage  o f the ro u tin e  p roduction  te s t  to  90 KV.

A ro u tin e  p roduc tion  w ithstand  te s t perform ed a t 90 KV may no t e lim inate 

all the  fa u lty  insu la tors.H ow ever,a ll the  insu la to rs  which e ith e r  because 

o f an inhomogeneitv in the po rce la in  mix or mechanical d c fe c ts  are 

responsible fo r  the  in o rd in a te ly  high number o f punctu res a t o r below 

90 KV are dispensed w ith .

Furtherm ore the frequency d is tr ib u tio n  o f F ig.6:1 fu r  vo ltages 

between 100 and U0 KV fo llow s th a t o f a normal d is tr ib u tio n .

Hv co incidence 90 KV is the ounctu re  vo ltage  spec ified  by the 

m anufactu re r fo r  in su la to r 19-0345 or model i /0 IC.I7]



6 .3 )  T h e  I n f l u e n c e  o f  a u x i l i a r y  P a r a m e t e r s  o n  t h e  b rn ^ K d o w n  S t r e n g t h

n r  Im iu l m . n r q

6 :3 :1 ) t h e  i o s u lu t o r  C u iT e itL :  O b s e r v a t io n  o f  b o t h  t h e  m a g n itu d e s  a n d  

w a v e s h a p e s  u f  t h e  in s u l a t o r  c u r r e n t  y ie ld s  n o  in f o r m a t io n  t o  t h e  

a c t u a l  p u n c t u r e  m e c h a n is m .T h e  i n s u la t o r  c u r r e n t  is  a  v e r y  s t a b l e  p a r a ­

m e t e r  o f  t h e  a p p l ie d  v o l t a g e  u p  t o  a n d  u n t i l  p u n c t u r e  o c c u r s . i t  is  o f  

l i t t i e  u s e  in  i d e n t i f y i n g  t h e  s n o r t  te r m  b r e a k d o w n  m e c h a n is m .

v .j:? )  P a r t  ia l  L )r c h a r g c  A r t i v : i . y :  t h e  p a r t i a l  d is c h a r g e  m e c h a n is m  th a t ,  

w a s  o b s e r v e d  w h e n  t e s t i n g  in s u la t o r s  h a s  a l r e a d y  b e e n  d e s c r ib e d  in  

C h .A :3 o n  P a g e  ?0.

The p r e s e n c e  o f  p a r t i a l  d is c h a r g e  a c t i v i t y  h a s  le a  t o  t h e  i d e n t i ­

f i c a t i o n  u t  p u n c t u r e s  c a u s e d  b y  r r e e in g .  T h is  m o d ') w a s  o b s e r v e d  in  f i v e  

" i s o l a t o r s  p r i o r  t o  p u n c t u r e .

In  a l l  f i v e  c a s e s  p a r t i a l  d is c h a r g e  a c t i v i t y  w a s  i n i t i a t e d  a t  

a p p r o x im a t e ly  7 0  K V  a n d  w a s  w e l l  d e v e lo p e d  in  b o t h  h a l f  c y c le s  o f  t h e  

v o l t a g e  w a v e  o n c e  t h e  f i r s t  v o l t a g e  w i t h s t a n d  t e s t  w a s  p e r f o r m e d  a t  

80 K V .H o r  “ > a m p le ,a  p e a k  d is c h a r g e  le v e l  o f  165 p C  w a s  m e a s u r e d  f o r  

in « A jla tu r  fl-.Sl a t  80  S V .T h e  p a r t i a l  d is c h a r g e  a c t i v i t y  r e m a in s  s t a b l e  f o r  

a  fe w  s e c o n d s  o n c e  t h e  v o l t a g e  h a s  b e e n  r a is e d  t o  t h e  d e s i r e d  l e v e l ,  

t h e n  s u d d e n ly  in c r e a s e s  v e r y  r a p id ly  in  b o t h  m a g n i t u d e  a n d  d e n s i t y ; i e .

i f t s - O f f " .  T h is  in c r e a s e  is  m a in t a in e d  u p  t o  a n d  u n t i l  p u n c t u r e  a c t u a l l y  

o c c u r s .A l t h o u g h  t h e  in c r e a s e  h a p p e n s  v e r y  r a p id ly  t h e  t im e  t o  p u n c t u r e  

is  f i n i t e . F o r  e x a m p le . In s u la t o r  % :/ n e e d e d  b s e c o n d s  t o  c o m p le te  t h e  

c y c le  f r o m  " L i f t  O f f 1* t o  p u n c t u r e .T h is  t im e  b e c o m e s  p r o g r e s s iv e ly  '9 s s  

tne h igher t h e  v o l t a g e  a t w h ic h  t h e " T r e e in g " m o d e  o c c u r s .A t  n o  i n s t a n c e  

in time was an in c r e a s e d  I n s u l a t o r  c u r r e n t  o b s e r v e d  d u r in g  t h e  " L i f t - ' J f f "  

c y c le .

I h is  p h e n o m e n o n  c a n  b e  a c c o u n t e d  f u r  ,n  t h e  fo l lo w in g  m a n n e r :

W hen  a  s u f f i c i e n t l y  h ig h  v o l t a g e  is  a p p l ie d  b e t w e e n  t h e  i n s u l a t o r  

e l e c t r o d e s . t h e n  t h e  p r e s e n c e  o f  a  m in u te  a i r  f i l l e d  c r a c k  in  t h e  p o r c e ­

la in  h e n r i le a d s  t o  t h e  i n c e p t io n  o f  p a r t i a l  d is c h a r g e s .  T he r e l a t i v e  

p e r m i t t i v i t y  o f  t h e  g a s  ( - i i r  ) in  t h e  c a v i t y  is  lo w e r  t h a n  t h a t  o f  t h e  

s u r r o u n d in g  p o r c e la in .T h e  f i e l d  s t r e n g t h  in  t h e  c a v i t y  is  t h e r e f o r e  h ig h e r  

t h a n  in  t h e  d i e l e c t r i c . A c c o r d i n g l y  u n d e r  n o rm a l w o r k in g  s t r e s s  o f  t h e



in su la tion ,the  vo ltage across the  c a v itv  nay exceed its  breakdown value 

and p a r t ia l discharges occu r in the  cavity.(?61 When the  gas in the 

ca v ity  breaks down,the surfaces o f the insu la tion  form  the cathode and 

anode and the  fu ll applied p o te n tia l appears across the  remaining th ic k ­

ness o f the porcela in .The p a r t ia l breakdown in the c a v ity  is o f a 

sporadic and in te rm itte n t na tu re  s ince i t  is dependant on the in s tan ­

taneous value o f the applied uoltage.

The breakdown o f the remaining porce la in  in the  head is th e re ­

fo re  due to  "F ree ing" o r c rack  propagation  ra th e r than  overstress ing  o f 

the d ie le c tr ic .A s  the c ra ck  propagates and the th ickness o f the 

porce la in  decreases p a r t ia l d ischarge a c t iv ity  increases in both  

magnitude and density.

Since (ha  e le c tr ic  f ie ld  between the cap and the  pin is h igh ly non 

linear the id e n tif ie d  Treeing mode is a complex in te ra c tio n  between the 

applied vo ltag e  and the concom itan t p a rt ia l d ischarges as well as the 

presence o f c racks  or vo ics  In the porcela in .

"Clean" vs."Po llu ted" Insu la to rs: The resu lts  as analyzed in Section 

seem to  in d ica te  th a t the  perform ance o f po llu ted  insu la to rs  is 

in fe r io r  to  c iean ones. Two observa tions appear to  con firm  th is:

1 ) I he average punctu re  vo ltage  is reduced by p o llu tio n  fo r  both

head and shed punctures.

?.) The frequency d is tr ib u tio n  o f  punctu re  vo ltages  is more s ca tte re d

fo r po llu ted  insu la to rs  than fo r  clean ones.( V ide F igs.5:6 to  b:9 

on Pages 39 and 40 respec tive ly .)

P o llu tion  promotes the  grow th j f  corona.Hence the  no.of shed 

punctures is lik e ly  to  on h igher fo r  po llu ted  in su la to rs  than fo r  clean 

ones.The ra t io  o f  head to  shed punctures is 43:11 and 39:11 fo r  clean and 

po llu ted  in su la to rs  respec tive ly .

Surface p o llu tion  has no th ing  to  do w ith  the punc tu re  perform ance 

of Insu la tors. The in fe rence  is th e re fo re  va lid  th a t a ba tch  o f poor 

insu la tors  was tes ted

The com parative va lues o f average in su la to r c u rre n ts  are iden­

tic a l fo r  bo th  clean and po llu ted  insu la tors.The minimum and maximum 

insu la to r c u rre n ts  fo r  vo ltages in excess o f 110 <V a re  higher fo r  
po llu ted  than clean insu la tors.There  is however no c o rre la tio n  between 
these Increased c u rre n t values and the punctu re  vo ltage .

*
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6:1:4) O ivbrypncoii in Puncture .1 VulLayu': UutWK'eu Insu la to rs  from 

iJit'fercjnt, M nnuC ic luriuy lo ts : fhv purpose o f these experiments is to

•‘Stablish whether the re  is a n o tira h le  d ivergence in the frequency 

d is tr ib u tio n  o f punctu re  vo ltages when the te s t re su lts  o f insu la to rs  

taken from  various m anufacturing lo ts  are compared to  one another.

A study o f Table 6  on Page 4 1  does no t confirm  th is .

F ifte e n  insu la to rs  each,taken from th ree  d if fe re n t  m anufacturing 

lo ts  ie. a to ta l o f  45 insu la to rs  were te s te d .It is th e re fo re  debatable 

how re p re se n ta tive  and re liab le  the resu lts  are _

Insu la to rs  o f ba tch  15 were found to  be excep tiona lly  puncture  

proof. This is confirm ed by the  high average punc tu re  vo ltages to r  both 

head and shed puncturs.The minimum punctu re  vo ltage  o f 80 KV is 

somewhat, m isleading since only one in su la to r punc tu red  at. th a t value. 

Apart from  a second in su la to r which punctured a t  110 KV.the punctu re  

oh age fo r  a ll insu la to rs  o f  lo t  15 nos in excess o f i?0 KV.

Insu la to rs  o f  batch 15 also d iffe re d  physically from o the r insu la­

to rs  by v ir tu e  o f th e ir  dark glazing.

Insu la to rs  from  batches 7C and 7M also proved to  he excep tiona lly  

puncture  re s is ta n t when compared to  the  ove ra ll resu lts .

The resu lts  o f  th is  experim ent are a t odds w ith  its  in it ia l pu r- 

oor.e Pin au tho r wanted to  iso la te  a lot o f poorlv m anufactured insu­

lt ors which give con s is te n tly  low punctu re  vo ltages.

6:4 ) 4 ,0  v s . I f )  il k v  in t . 'T v a !  w i t h s t a n d  t e s t s  !

I he choice o f w hether to  use in te rva ls  o f 1U.U KV o r 4.0 KV 

in te rva ls  between ad jacen t vo ltage  w ithstand te s ts  was determ ined by 

p ra c tic a l considerations.

The te s tin g  o f an Insu la to r which punctures a t  HU KV involves 

the perform ance o f vo ltage  w iths tand  te s ts  a t  80,90.100.110,120 and 

HO KV re ape c tivc lyde . six te s ts  la s ting  fo u r m inutes oach.( ? min.ON/ 

? min.DH ). The Lime requ ired  to  degas the te s t vessel and re tr ie v e  the 

insu la to r is an add itiona l t h ir t y  minutes.The perform ance o f a post 

mortem va ries  from f if te e n  to  th ir ty  minutes.The te s tin g  o f one insu la­

to r  ( depending on the punctu re  vo lta g e  ) th e re fo re  e f fe c tiv e ly  lasts 

from 60 to  90 minutes,



I f  in c o n tra s t he re to  the  w ithstand  vo lta ye  in te rv a l is reduced 

from 10,0 KV to  4.0 KV the  no .o f te s t in te rva ls  ie .the  sample ra te rs  

increased 2.5 times.The te s tin g  time fo r  an in su la to r which punctures 

a t 132 KV is increased from 30 to  j2 minutes and the  to ta l tu rn  around 

time is approxim ate ly two hours.In an e f fo r t  to  lim it th e  e f fe c tiv e  

dura tion  o f each te s t cyc le  to  managable p ropo rtion s  the  1G.0KV 

in te rva l was p re fe rre d .

For purpose o f comparison insu la to rs  6 :1  to  0:30 were sub jected  

t '  . .hstand te s ts  conducted a t KV in te rva ls  using a 1 min.ON /  0  

O ff du tv  cyc le  as described in Ch.5:8 on Page 4 6 .The average punctu re  

vo ltage  o f these insu la to rs  ( head punctures j i s l O . V  less than the 

to ta l average punctu re  vo ltage . This is due to  any o f the  fo llow ing 

reasons:

1) The 4.0 k v  in te rva ls  g ive a narrow er spread between puncture

vo ltages than the 10.0 KV in te rva ls .

The maximum puncture  vo ltage  o f insu la to rs  6:1 to  6:30 is 13? KV, 

whereas the overa ll maximum punctu re  vo ltage  is 150 KV.This 

reduces the  average vo ltage.

3) The anall s i/e  o f the  sample ( 30 insu la to rs  ).
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7) CONCLUSIONS

The aim o f t.his (J isserta tiori is to  establish a o u a litv  c o n tro l te s t 

fo r cap and pin insu la to rs  th a t y ie lds cons is ten t resu lts .

An experim enta l te s t method has been developed which estaolishes 

the d ie le c tr ic  breakdown or punctu re  vo ltages o f these insu la to i s.

1) Puncture te s ts  are perform ed using SF6  pressurized to  tOO kPa. 

absolute as the immersing medium instead o f m ineral oil.The 

c o rre la tio n  o f resu lts  between the two methods is good. The main 

problems which are encountered when perform ing puncture  te s ts  

in o il are also present in Sf 6  . These are

1) The presence o f corona and the concom itant flashover 

a t voltages in excess o f 120 KV.

2) The p a rt ia l breakdown o f the d ie le c tr ic  immersant 

around tne insu la to r.

The main advantage o f  perform ing punctu re  tes ts  in SFg is 

the somewhat g re a te r ease w ith  which the gas can be handled and 

the nigh level o f gas p u r ity  th a t  can be maintained over the  long 

term. There are no messy residues when re tr ie v in g  an insu la to r 

a f te r  a tes t.Th is  advantage is o f fs e t by the g re a te r cap ita l 

ou tlay fo r  gas handling equipment.

A q u a lity  te s t aims to  e lim inate insu la to rs  which are 

d e fe c tive  in m anufacture.The frequency d is tr ib u tio n  o f head 

punctures as a fu n c tio n  o f  the  applied vo ltage  peaks a t 120 KV. 

D e fec tive  insu la to rs  punc tu re  a t a vo ltage  below th is  level so 

th a t corona, flashover and shed punctures are o f  l i t t le  

consequence.

7) Elim inate d e fe c tive  in su la to rs  by ra is ing the vo ltage level o f the  

rou tine  p roduction  te a t to  the nominally sp ec ified  puncture  

vo ltage .f o r Insu la to r type  LiAG 19-03^r> th is  implies an increase 
from 70 to  90 KV.

The main drawback in doing th is  is th a t  the rou tine  

p roduction  te s ts  can no longer be perform ed in air because the 

nominal puncture  vo ltage  o f a Class B in su la to r exceeds its  dry 

flashover vo ltage.
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Thti frequency d is tr ib u tio n  o f head punctures has the 

c h a ra c te r is tic s  o f a bimodal frequency cu rve  which peaks a t  90 KV 

and 170 KV re sp e c tive ly . I he peak a t 9U KV is caused by d e fe c tiv e  

insula tors.By ra is inq  the  te s t vo ltage  to  90 KV these "poor" 

Insu la to rs  are elim inated.

5 ) i he recorded re s u lts  while cons is ten t a re  nevertheless s ta t is t ic a l

in nature.Puru tu re s  were observed over a range o f vo lto^es from 

90 to  1b0 KV. The problem is to  be sough; in the insu la to r i ts e lf  

ra th e r than the method o f  te y t . fh e r t  a re  a number o f  unanswered 

questions as regards the q u a lity  o f the porce la in  in qeneral and 

the design o f  cap and pin insu la to rs  in p a r t ic u la r . l t  has fo r  

example been suggested to  m anufactu re rs  to  rep lace the pin head 

by a round ball so as to  e lim inate the hiqh fie ld  region a t the 

iharp edge o f the fo rm er.C onsu lta tion  w ith  expe rts  in the f ie ld  

ha-, shed l i t t le  liq h t on these problems.A thorough search through 

the ava ilab le  l i te ra tu re  on the su b je c t was equally fru it le s s .

'•) The actua l cause o f punctu re  is the q re a t unknown. To gain some

ins igh t in to  the mechanisms w h irn  cause d ie le c tr ic  breakdown 

"secondary" param eters and variab les were recorded.

The c u rre n t o f the  in su la to r as a fu n c tio n  o f the applied 

vo ltage  is a very s tab le  q u a n tity  up t.o and u n til punctu re  takes 

place. I he tra n s it io n  from maximum applied vo ltage to  steadv s ta te  

sh o rt c ir c u it  c u rre n t takes place in less than 5 msec.

P a rtia l d ischarge a c t iv i ty  inside th e  insu la to r has enabled 

the au tho r to  make d is tin c tio n  between "instan taneous" punctu re  

and a "Treeing" mode which is co rre la te d  to  p a r t ia l d ischarges;ie.

A flaw  o r c rack in the  in su la to r porce la in  propagates when vo ltage 

is applied.This d if fe re n t ia t io n  gives however no ind ica tion  o f the 

ac tua l puncture  mechanism.

Inspection o f the d ischarge channel revealed no in fo rm ation  

a p a rt from confirm ing th a t the  sharp edge o f the  pin is a high 

fo ld  region,because 95% o f a ll head punctures s ta r t  o r end here, 

th is  tie s  up w ith  the  find ings o f R.coelho [ t ]  as quoted in 

Ch.2:1 on Page <.
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A w iths tand  te s t perform ed a t d isc re te  vo ltage  levels separa ted 
by fix e d  intervals,fo r  example 10 KV.is p re fe ra b le  to  a s tra ig h t 

ra is ing  o f the voltage,because:

1) It gives a punctu re  caused by fre e in g  a chance to  develop 

without, masking the  tru e  incep tion  vo ltage  o f th is  node.

2) I t  fa c il ita te s  the drawing up o f punc tu re  frequency 

d is tr ibu tions .

3) I t  fa c il ita te s  the  record ing  o f data  and the m onitoring o f 

c u rre n t waveforms.

u )  Routine p roduc tion  te s ts  o f in su la to rs  a re  fo r p ra c tic a l

purposes w ithstand  tes ts .
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APR MD1X 1

RETERF NOES

1 2  ‘tABS 17 /; " in su la to rs  o f  ceram ic m ateria l o r glass fo r  overhead

lines w ith  a nominal vo ltage  g re a te r than 1000 V."

SABS S p e c ifica tio n  111 o f 19/i

jVB. S p ec ifica tions  3SS-137 19/0 and ILC 583-19/6 are 

‘ id en tica l to  the  above.

21 ( ROUi'HER N . f "Development  of  Puncture Test fo r  high Voltage

Insu la to rs ." Departm ent o f E le c tr ic a l Engineering. 

U n ive rs ity  o f Cape I own,l nderg raduate  Thesis No. 

21,1980.

i l  COELHO R.: "Physics o f D ie le c tr ic s  fo r  Engineers"

El SEVIER, Amsterdam 19/3 Vol. 1,Pp. 143-147.

IV.) 11H,il; t V1R L11 K rR(Jl\!KA; " Puncture Testing o f Insu la tors ."

Report o f work done during l982 .U n ive rs ite it van 

Stellenbosch,Pro jek 117/1/D.

'21 fiLARKi E.: " Insu la ting M ate ria ls  fo r  Design and Engineering

P rac tice ." Addison Wesley 1%9.Part 2."Ceramic 

Insu la tors" Pp. 1022-1068.

6 j  SAG CERAMICS: " C levis Insu la to r ( 1\" jg 191mm )."

Dr awing No.19-0345.

7) HI U AiU'HI P.l . and MANNING M.l " D ie le c tr ic  S treng th  o f

Porce la in ." T ransactions o f AIEE Vol.58,Dec. 1959 Pp.651-5

8 } MSMI I .: "Does the Puncture le s t under Oil g ive the t iu o

I le c tr ic  S treng th  o f Insu la to rs  ?"
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S c ie n tif ic  Papers o f the  In s titu te  o f Physical and 

Chemical Research, TOKYO Nos.Z28-231,Volume 12,

March IS. 1930.Pp.275-284.

22 lAKAi i l  K . and KIMfJ'JMIlA K .: "Puncture  Breakdown C h a ra c te ris tics  

of D is tr ib u tio n  I ine Porcela in Insu la to rs  fo r  steeply 

ris ing  Impulse Vo ltages." E le c tr ic a l Engineering in 

Japan, Vol.90.No. 1 0 ,Pp. 2 0 1 1  -2020.

102 I’ARK J.M. and CDlMf S U.N.: "Puncture  Tests r,n Porcela in D is tr i­

bu tion  Insu la to rs  using steep F ron t Voltage Surges." 

Alt I Irans.Voi.72 P a rt HI.August 1953.

112 HU//ULI G.R.; " Insu la tor Testing using steep I ro n t Voltage

Surges." Trans.SAIEE March 1961,Pp.71 - 7 3 .

102 50_92 3: " High Voltage Test Techniques." BS S pec ifica tion

923 - 1980. P a rt 2.FJp.1 ♦ 2.

112 HECHT a .: \  lek trnkeramik",Sponger .BE RL IN 1959.

162 DRAI GER W.:"Keramische Iso la to ren  fu r  F re ilu f t  Isolierungen'

E lek tro techn ische  Z e itsch rift. Band 91.H e ft 9,1970 
Seite 489 - 494.

102 UHHrHF AD S.; "D ie le c tr ic  Breakdown o f Solids"

Clarendon Press.OXFDRD 1951.

J62 !5iND_D.: "f in fuhrung in die Hochspannungs Versuchstechnik"

VIeweg,BRAUNSCHUE IG 1982.

112 "Hnchspannungs-lsolfertevhnik"
Vieweg.BRAUNSCHUlF IG 1982.

102 liDPUJGUD UJ.; "The C h a ra c te ris tic s  o f  toughened Glass (Jverhead 

I ine Insu la to rs  and some Aspects o f  Insu la tor 

Performance in Service."
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CULLINAN: In fo rm ation convpyfiri ve rba lly  by Messrs.R.Macey and
P.Sneddon from  Cullinan E le c tr ira l Industries O li- 

fa n ts fo n te in  on various occasions from February 

ITOi to  August 1984.

Ml SSWANDLENoAU GMHH: "M eta lc lad single Phase AC Voltage le s t 

Transformers w ith  Si 6 Insula tion. Type Tes."TES 

S p ec ifica tion  Sz/Kr/R  Rev.Sep.19/9.BAMBERG 1979. 

O perating In s tru c tio n s  fo r  Test Transformer.

FCR: "ERA D ischarge D e te c to r Model $ Type to?”

Systems O peration manual

GUI: I A.I . and PMFRBO\ U.:"i le c tr ic a i Power S ystw is"

Volume 1. Second Editon.Perqamon Press.OXFORD 1978.

BERF/IM A.A.: " Flopping Typo E lec tron ic  Processes in p rv -B rnak- 

down E le c tr ic a l Fields in Insu la tors  w ith  d e fe c t 

C entres." IEEF Transactions on E le c tr ic a l Insula tion. 

V o l.E l-19 No. $.June 1984.

Gr iORT li)..Kustner H o t uI. "Grosses Handbuch der Mathematik" 

Burh und / e i t  Verlagsgesellschaft.KO ln. 1989 P.?3

ki AASSI N K.B.: "[ le k tro techn ische  M eettechn iek" A fde ling 

I le k tro te c h n ie k  TH D e lft  1975 Pp.?5 ♦ 24.

KUFf FL | . and ASDUU AH M: "High Voltage Engineering" 

Pergamon Press. Oxford 1970 ( 1977 ).
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The; Power Frecnjcncy P unclu re  Inst, in Oil

The fo llow i-ig  two paragraphs and the no te  are e x tra c te d  from 
SABS s p e c ific a tio n  1,V [ 1 ] ( Section 8 :K  Page V) ).

"Clean and d ry  the in su la to r and then immerse i t  rom r-.etelv in a 

tank con ta in ing  o su itab le  insu la ting  medium to  p reven t su rface  d is­
charges.

Fnsure th a t the re  are  no a ir  pockets under the sheds.If the tank 

is made o f metal it:, dimensions shall he such th a t the sh o rte s t d is tance 

between any p a r t o f the in su la to r and the aide o f the tank is a t least 

1 .') times the diam eter o f the la rge s t in su la to r shed.The insu la ting  

medium shall be a t  approxim ate ly room tem pera ture .Apply the  te s t 

vo ltage between the  metal connecting  parts . Increase the  vo ltage  to  the  

Visiqru’d or spec ified  ( as re le va n t ) punctu re  vo ltage  as rap id ly  as the  

value o f the increase can be recorded by the  measuring instrum ent and 
note w hether punctu re  occurs.

^ *’ no t possible to  de fine  e xa c tly  the  p ro p e rtie s  o f the 

insu la ting  medium.but on > desirab le proper ty  is a s lig h t c o n d u c tiv ity ,

( re s is t iv ity  o f the  order o f  1 0 6 0 hm-m to  ’ 0 8 0 hm-m ).

APmcOlX i

jj?st Param eters employed fu r  various Series o f Insu la tors

As was mentioned in Section 4:3 various procedures were, adopted 

‘ nr te s tin g  insu la to rs  from d if fe re n t  batches ( o r Series ).Tho numbering 

o* t.ik’ insu la to rs  is in accordance w ith  the conven tion  adopted in ch.4:Z 

on Page 18.A de ta iled  breakdown o f th e  various te s t constra in ts* Is 
as follows:
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S e r ie s  1 In s u la t o r  N o s . 1:1 t o  1 :15

a )  P e r f o r m  a  w i t h s t a n d  t o s t  o f  1b m in u te s  a t  1 /0  K V .

l l ' R e - a p p ly  t h e  su p ip lv  v o l t a g e  a n d  r a is e  t o  p u n - t u r e  l e v e l , i o . t h e  

v o l t a g e  is  r a is e d  t o  t h e  p o i n t  w h e r e  t h e  v o l t m e t e r  r e a d in g  

c o l la p s e s  a n d  t h e  s h o r t  c i r c u i t  c u r r e n t  s t a r t s  t o  f lo w .

S e r ie s  ? in s u la t o r  N o s . 2:1 t o  ?:1(>

a) P e r f o r m  a  w i t h s t a n d  t e s t  o f  b m in u te s  d u r a t i o n  a t  110 K V .

u ) R e - a p p ly  t h e  s u p p ly  v o l t a g e  a n d  r a is e  s lo w ly  t o  p u n c t u r e  le v e l .

S e r ie s  i  In s u la t o r  N o s . 3:1 t o  3:11

R a is e  t h e  v o l t a g e  s m o o th ly  u n t i l  p u n c t u r e  o c c u r s .  I h e s e  e x p e r i ­

m e n ts  w e r e  p e r f o r m e d  s o  a s  t o  i r o n  o u t  p r o b le m s  e x p e r ie n c e d  

w it h  t h e  le a k a g e  c u r r e n t  m e a s u r e m e n ts .

V M -ie s  4 .5 ,6  a n d  8.

I n s u la t o r  N o s . 4:1 t o  4:?0. 5:1 t o  5:30. 6:1 t o  6 :3 0 . 8:1 -  8 :7 6  a n d  BA t o  8E .

I h e s e  in s u la t o r s  w e r e  t e s t e d  a c c o r d in g  t o  t h e  ? m in .O N / ? m in .Q F F  

r o u t in e  a s  d e s c r ib e d  in  C h .4 :2  o n  P a g e  17.

S e r ie s  6 In s u la t o r  N o s  6; 1 t o  6 :3 0

S e r ie s  7 In s u la t o r  N o s . /:1  t o  7:30

I h e  t e s t  p a r a m e t e r s  o f  t h e  a b o v e  tw o  m e n t io n e d  in s u la t o r  s e r ie s  

a r e  g iv e n  in  d e t a i l  t o g e t h e r  w i t h  t h e  r e l e v a n t  r e s u l t s  in  C h a p t e r  5 :8  o n  

P a g e  46 .
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'- )P H c n fic a tiu f> a  n f  . lu .v i l io r y  ^quipm ^»nt.

l) H iL ,h  ^ u lL a g e  l e u l  t r a n s f u r m H r  t ygj

M o d e l:  M e U w a n d le r b a u  TPS 5 ? V 50 ,s in g le  p h a s e  o p e r a t i o n

R a t in g s  b a s e d  o n  15 m in u te  c o t in u u u s  o p e r a t i o n

5 * 50 K V A V -  525 K V  
s e c

I 92 mA 
s e c

I o r  2  m in u te  s h o r t  t im e  o p e r a t i o n  t h e  r a t i n g s  in c r e a s e  t o :

S -  m  K V A  V  -  325 K V  I -  21 5  mA
s e c  s e c

A d o w n t im e  o f  ?U h o u r s  is  s t i p u l a t e d  s f t e r  o p e r a t i n g  t h e  t r a n s ­

fo r m e r  a t  f u l l  lo a d  2 m in u te  r a t in g s  f o r  2  m in u te s .

'?) D i g i t a l  V o l t m e t e r

M o d e l F lu k e  8050  A

M a in s  o p e r a t e d  d  g i t a l  m u l t im e t e r  w i t h  b a t t e r y  o p t io n .

i; S t o r a g e  O s c il lo s c o p e

M o d e l T e k t r o n ix  7ft 5 3

F i t t e d  w i t h  m o d u le s  7A 11, /A IR  a n d  /B 5 0 A

P r o b e  T e k t r o n ix  P b lO ft 1 3 p F , lOMOhm

10:1 a t t e n u a t i o n

U) P a r t i a l  D is c h a r g e  C a l i b r a t i o n  U n it.

M u rte l: E N R A f N o n iu s  D e l f t

N o m in a l d is c h a r g e s  o f  5, 50 , 500  5 0 00  p

I n t e r n a l  C a p a c i t a n c e  1. 10 100 1000 pF
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ERA D is c h a rg e .* P H t p r f .o r  (7 1 1

M o d e l f CR M o d e l i .T y p e  65?

A m p li tu d e  o f  C a l i b r a t i o n  S t e p  W a v e  (C S W ) •  UJO V

A t t e n u a t i o n  r a n g e  o f  CSW  0 -1 2 0  dB

I o g a r i t h m ic  1 CR B r id g e

M o d e l W a y n e  a n d  K e r r  B ‘>U0

R a n g e s  C a p a c i t a n c e  0 -1 6  m f

In d u c t a n c e  0 -1 6  K H

Resistance 0 -1 6 0  M O h n

r h f ‘ in d iv id u a l  r a n g e s  a r e  d iv id e d  u p  i n t o  10 lo g a r i t h m ic  s c a le s .

C u r r e n t  F ra n y fo rm e r  /

M o d e l H a r p e r  S e t  M o .C O Q  2 9

C u r r e n t  r a t i o  * 0 .1  /  0 .1  B u rd e n  -  1 V A

A c c u r a c y  •  0 ,5%  In s u la t io n  le v e l  -  3 K V

P r im a r y  R e s is .*1 5 ,1  O hm  S e c o n d a r y  R e a ls . -  2 1 ,2  Ohm

A t e s t  o f  I ,  v s . I ) i jt  s h o w s  t h u t  t h e  r e g u la r  .o n  is  le s s  t h a n  1.5%

f o r  c u r r e n t s  a s  lo w  a s  0 .5  m A .

M a n u f a c t u r e d  in  a c c o r d a n c e  w i t h  BSS J95H o f  1 9 / i .

. C u r r e n t  T r a n s fo r m , ':  ;

M o d e l o w n  d e s ig n

C u r r e f i t  r a t i o  * U . i /0 .1  A B u rd e n  « 1 V A

T h is  t r a n s f o r m e r  is  a n  " O f f  t h e  C u f f "  d e s ig n  w h ic h  w a s  s u b s e ­

q u e n t ly  t e s t e d  a n d  m o d if ie d  t o  m e e t  t h e  d e s i r e d  r e q u i r e m e n t s .  

I"he m a in  c r i t e r i u m  is  t h e  c o n s is t e n c y  o f  c u r r e n t  t r a n s f e r .

C o r e :  S IF h R I l  EC  70 C o n d u c t o r  d ia m e t e r  D  * 0 ,1 5  mm
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V im urv ' 1DUD tums ^ernndarv * 1000 turns

Rprlmarv Ig co n d a ry  »

4 t o s t  o f  I v s . I s h o w s  t n e  r e g u l a t i o n  t o  b e  b e t t e r  t h a n  1.0%
in  o u t

f o r  a n  i j(| 0 .5  mA.

O e t t i n g s  o f  Q a r t i . i l  Disctun i j t 1 M o o s u r i n g  F g i  ' i p m e n f .

ji-e • on m e t KA O is i'ho rg f iloLorf.o r

S o t  r o t a t e  e lh p s o  t o  61)0 .

i n i t i a l  s e t t i n g  o f  s t e p  w a v e  is  n o t  im p o r t a n t  a n d  d e p e n d s  o n  e a c h  

in d iv id u a l  m e a s u r e m e n t .

A c a l i b r a t i o n  m e a s u r e m e n t  u s in g  a  n e e d le  a n d  p l a t e  e l e c t r o d e  c o n f .  

g a v e  t h e  fo l lo w in g  r e s u l t s .

a )  D is c h a r g e s  in  t h e  t o p  h a l f  o f  t h e  e l l ip s e  a s  s e e n  o n  t h e  

ERA d e t e c t o r  e m a n a t e  f r o m  t h e  H .T .  t e r m in a l  i e . in s u l a t o r  

P in .

b )  C o n v e r s e ly  d is c h a r g e s  in  t h e  b o t t o m  h a l f  o f  t h e  e l l ip s e  

e m a n a te  f r o m  t h e  g r o u n d  t e r m in a l  i e . t h e  c a p .

Test measurements to  estab lish  C
p a r

I p a r a s i t ic -  c a p a c i t a n c e  o f  t h e  p r e s s u r e  v e s s e l ,
p a r

C a v e r a g e  c a p a c i t a n c e  o f  t h e  i n s u la t o r  = i? ,5  p f
X

C m e a s u r in g  c a p a c i t o r  In s id e  t h e  H .T . t r a n s f o r m e r .
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V in  K V I in  mA

80 8 .3 4 331.83

90 9 .3 5 3 3 0 . /

100 10 .40 331.0

110 1 1 ,4 7 331 .9

120 12 .5o 331.6

F o r  t h e  p u r p o s e s  o f  

c o n d u c t in g  t h e s e  e x p e r i ­

m e n ts  t h e  t e s t  v e s s e l

w a s  f i l l e d  w i t h  tu  b u t  
6

n o  i n s u la t o r  w a s  i n s e r t e d .

lA B iF  A l :  C a l i b r a t i o n  m e a s u r e m e n ts  f o r  d e t e r m in in g  t h e  p a r a s i t i c

c a p a c i t a n c e  o f  t h e  p r e s s u r e  v e s s e l .

C is  c a l c u la t e d  v i a  C  - 3 1 8 i x l  I is  in  mA
p a r  p a r --------------------

V  V  is in  <V

C ■ 3 3 1 .4  pF  C * 0 .5 3  pF
a v  sd

C  33 1 .8  p F C . 3 3 0 . / pF
m ax m in

A v e r a g e  c a p a c i t a n c e  o f  t h e  in s u l a t o r  C  32 .5  pf
x

th e  e f f e c t i v e  t e s t  c a p a c i t a n c e  is: G - F C ♦ C
e t r  x  p a r

h e n c e :  C  ( ) f f  )3 1 .4  *■ 5 2 .5  360 .4  pF

Galibtatmn o f  c i r c u i t using the Disci).irge Simulator

The m a g n itu d e  o f  t t r  c h a r g e  d e t e c t o r  r e s p o n s e  is  d e t e r m in e d  

b y  t h e  m a g n itu d e  o f  t h e  v  . .d e a l s t e p  v o l t a g e  a p p l ie d  t o  i t s  t e r m in a ls .  

F o r  t h e  i n f in i t e s im a l  le n g t h  o f  t im e  o c c u p ie d  b y  t h e  v e r t c a l  s t e p . t h e  

d is c h a r g e  d e t e c t o r  c i r c u i t . w h i c h  is  in d u c t i v e . w i l l  b e h a v e  a s  a n  i n f i n i t e  

im p e d a n c e  a n d  m a y  t h e r f o r e  h e  r e g a r d e d  a s  a n  o p e n  c i r c u i t  T h e  s t e p  

v o l t a g e  a p p e a r in g  o n  t h e  t e r m in a ls  is  th u s  d e t e r m in e d  e n t i r e l y  b y  t h e  

c a p a c i t a n c e s  in  t h e  c i r c u i t .

^  nom . G h o
V in  dB V  in  V

5000 pC 1000 pF 1 334 p C 42 794 mV
500 p C 100 Pf 392 pC 52 251 mV

50 p C 10 p f 48 pC / I 28 mV
5 PC 1 PF 5 PC 92 2 mV
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1ABLL A 2: O v e r l e a f  o n  P a g e  A 10 C a l i b r a t i o n  o f  t e s t  v e s s e l  u s in g

F N R A F  N O N IU S  D is c h a r g e  s im u la t o r .

C o r r e c t i o n  f a c t o r  f o r  t h e  d is c h a r g e  g  o f  t h e  c a l i b r a t i o n  u n i t  is:

a a
C=

nom . nom

C

H e n c e :
d is

m a g n it u d e  o f  d is c h a r g e  f r o m  s im u la t o r  x  Q

m e a s u r e d  m g n i t u d e  o f  s a m e  d is c h a r g e  

c a p a c i t a n c e  o f  t h e  s a m p le  Q n '  s a m p le  d is c h a r g e

c a p a c i t a n c e  o f  t h e  c a l i b r a t o r  u n i t LL n o m .d is c h a r g e  no m.

C a lc u la t io n  o f  t h e  c o r r e c t i o n  f a c t o r :  C

U a I3W PC • i U2 dB 4 ,6 2

Q a J92 pC V 52  dB 4 .2 9

W a 49 pC V - ; i  dB C 4 .7 4

Q a 5 pC V - 92  dB C -  5 .4 6

C  C o r r e c t i o n  f a c t o r

The la s t  v a lu e  is  s o m e w h a t  s u s p e c t .  A v e r a g in g  o u t  o v  * r  t h e  f i r s t  t h r e e  

v a lu e s  y ie ld s  C  4 ,% .  A r o u n d in g  o f f  t o  C is  j u s t i f i e d .

R e a d in g s  w e r e  t a k e n  f o r  f o u r  d i f f e r e n t  in s u la t o r s  t o  v e r i f y  t h e  c a l i ­

b r a t i o n  v a lu e s .

H e n c e :  Q 4 .5  x ib** x v Pico C o u lo m b
act

w it h  V  e x p r e s s e d  in  V o l t s .

A v a lu e  o f  C  » 4 .6 ?  w a s  u s e d  f o r  c a l c u la t io n  p u r p o s e s  .

\ . B .  T h e  a b b r e v i a t i o n s  a n d  s y m b o ls  a r e  t h e  sa m e  a s  u s e d  in  t h e  

In s t r u c t i o n  b o o k le t s  a n d  a p p l i c a t io n  m a n u a ls  o f  t h e  r e s p e c t iv e  i .p p a r n t . i i .
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I xpf;rimt?nt,cjl Resull/i 

List, o f employed abbreviations

V s 
I.No.

I .No. 

vp
Pune.

Flash

H.P.

S.P.

Hiijh tension supply voltage in KV 

insulator No.

M anu fac tu re r's  lo t  no.

Puncture voltage o f insulator in KV 

Type of puncture.wh«re: 

head puncture  

shed puncture  

Flashover, no puncture has occurred  

Leakage cu rren t in mA This is the to ta l insulator curren t 

Corona inception v o ltage in KV 

( Sporadic ) Flashover voltage level in KV 

Massive build up o f corona 

not rec orded

p artia l discharge inception voltage jn KV

p artia l discharge a c t iv ity  jn Pf]

maximum value of p a rtia l discharges in pC

Voltage level and range a t which maximum partia l dis­
charge a c tiv ity  occurs.in k v

T * Time in seconds to fa ilu re  a t  V t

The puncture voltages obtained fo r insulators o f Series 1,2.3,and

6 are  not a ll multiples o f ID KV.To streamline the d a ta  fo r the drawing

up of freguency d istributions the  following key is used:

I
C.l.V. «

r.L. .

m

n.r.

p.d .i.v .- 

p.d.a = 

m.p.d-a.^

V 1m *

A range from /6 to 8rj  KV corresponds to VP 80 Kv

A range from flfo to %  KV corresponds to 90 KV
A range from %  to 10*5 KV corresponds to VP 100 K V
A range from H)f> to 115 KV corresponds to VP 110 KV
A range from 116 to l?b KV corresponds to VP 1Z0 KV
A range from 1?6 to 1 l l )  KV corresponds to VP HU KV
A range from 1 if> to HS KV corresponds tu

VP HO KV
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APPP TmDIX 6:1 

Puncture u s  a  Function of t'/ic Hpplind Vultac^*

I.Mo. Pune. I.Mo.
-V-P Pune.

1:01 120 5.P. 3:01 90 H.P.

1:02 15 135 H.P. 3:02 130 H.P.

1:03 120 H.P. 3:03 150 S.P.

1:0*. 115 H.P. 3:04 130 H.P.

1:05 100 H.P. 3:05 150 S.P.

1:06 145 S.P. 3:06 120 H.P.

1:07 120 H.P. 3:07 120 H.P.

1:08 120 H.P. 3:08 140 H.P.

1:09 135 S.P. 3:09 130 H.P.

1:10 110 H.P. 3:10 130 H.P.

1:11

1:12

1:13

110

120

120

H.P.

H.P.

H.P.

3:11 140 H.P.

4:01 130 H.P.

1:14 120 H.P. 4:02 150 S.P.

1:15 110 H.P. 4:03

4:04

120 

130

H.P.
c. p

2:01 135 H.P. 4:05 140 S.P.

2:02 110 H.P. 4:06 130 S.P.

2:03 128 H.P. 4:07 1)0 H.P.

2:04 134 H.P. 4:08 90 H.P.

2:05 105 H.P. 4:09 140 S.P.

2:0b 136 S.P. 4:10 120 H.P.

2:07 80 H.P. 4:11 120 H.P.

2:08 130 H.P. 4:12 130 H.P.

2:09 128 H.P. 4:13 140 H.P.

2:10 110 H.P. 4:14 140 S.P.

2:11 128 H.P. 4:15 130 S.P.

2:12 126 H.P. 4:16 80 H.P.

2:13 128 H.P. 4:17 130 H.P.

2:14 152 H.P. 4:18 110 H.P.

2:15 132 S.P. 4:19 100 H.P.

2:16 110 H.P. 4:20 130 S.P.
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APPENDIX 6:1 continued

Puncture as a Funrtion of the ,implied Volfagi'

l.No. Pune.

S:01 130 H.P.

5:0? 90 H.P.

5:03 110 H.P.

3:04 110 H.P.

5:05 90 H.P.

5:06 120 H.P.

5:0? 130 H .r\

5:08 90 H.P.

5:09 80 H.P.

5:10 90 H.P.

5:11 110 H.P.

5:1? 130 H.P.

5:13 100 H.P.

5:14 120 H.P.

5:15 1?0 S.P.

5:16 140 S.P.

5:17 120 H.P.

5:18 90 H.P.

5:19 90 H.P.

5:20 120 H.P.

5:21 1?0 H.P.

5:22 100 H.P.

5:23 110 H.P.

5:24 80 H.P.

5:25 130 S.P.

5:26 130 H.P.

5:27 100 H.P.

5:?8 110 H.P.

5:?9 130 H.P.

: 5:30 130 H.P.

I.No. - P PUnc.

6:01 140 S.P.
6:02 104 H.P.

6:03 120 H.P.

6:04 128 S.P.

6:05 132 S.P.

6:06 132 H.P.

6:0/ 128 H.P.

6:08 108 H.P.

6:09 116 H.P.

6:10 80 H.P.

6:11 140 S.P.

6:12 116 H.P.

6:13 124 H.P.

6:14 92 H.P.

6:15 128 S.P.

6:16 80 H.P.

6:17 84 H.P.

6:18 108 H.P.

6:19 132 S.P.

6:20 88 H.p.

6:21 128 H.P.

6:22 84 H.P.

6:23 128 S.P.

6:24 96 H.P.

6:25 96 H.P.

6:26 116 H.P.

6:27 88 H.P.

6:28 120 S.P.

6:29 112 S.P.

6:30 80 H.P.
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APPENDIX 6:1 cont.inupil

Puncture as a Function u f U ih applied Vultcig^

l.No. Pune. l.No. 4 Pune.

7:01 120 H.P. 7:16 120 H.P.

7:02 120 H.P. 7:17 90 H.P.

7:03 120 H.P. 7:18 120 H.P.

f - m 90 H.P. 7:19 120 S.P.

7:05 120 H.P. 7:20 100 H.P.

7:6 120 H.P. 7:21 120 H.P.

7.07 110 H.P. 7:22 120 H.P.

7:08 120 H.P. 7:23 110 H.P.

7:09 120 H.P. 7:2/. 120 H.P.

7:10 120 H.P. 7:25 - -

7:11 120 H.P. 7:26 - -

7:12 120 S.P. 7:27 - -

7:13 90 H.P. 7:28 - -

7:14 90 H.P. 7:29 - -

7:15 120 H.P. 7:50 - -

Fake the  insulators which nave passed the withstand te s t a t 

1?0 KV and subject them to a b a tte ry  u f w ithstand tes ts  o f 5 minute 

duration a t  voltages o f 100,110 and 170 KV respec tively .R epeat the  

cyc le  a t 120 KV until puncture occurs.

Ins.No. 1 Failure a f te r  1 min. H.P.

Ins.No.2 fa ilu re  a f te r  6 min. H.P. All o f these punc­
Ins.No. $ 1 allure  a f te r  5 min. H.P. tures occurred a t
Ins.No.A Failure a f te r  i  min. H.P. 120 KV.
Ins. No. 5 Failure a f te r  16 min. H.P.

Ins.No.6 1 allure a f te r  20 min. S.P.

\.B . Insulators 7:25 to  /:30 all passed the V 0  KV withstand te s t of 

? Min.ON /  ?Min.UI I .As the follow up tes ts  were not conducted in the  

sequence in which the insulators were re trieved  a new system of 

numbering as adopted above was used.
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APPENDIX 6:1 continued

Puncture as a ? unction o f Mu; uppliud Vult.agt‘

I.No. 1 .No. Pune.

8:01 7M 80 H.P.

8:0? 7M 130 5.P.

8:03 7M 110 H.P.

8:04 7M 110 H.P.

8:05 7M 100 H.P.

8:0b 7S 140 H.P.

8:0/ 7C 100 H.P.

8:08 15 130 S.P.

8:09 15 130 Flash

8:10 15 130 Flash

8:11 15 130 Flash

8:12 15 130 S.P.

8:13 15 130 F lash

8:14 15 120 F lash

8:15 15 h 30 H.P.
8:16 15 150 S.P.

8:17 15 140 S.P.

8:18 15 120 S.P.

8:19 15 150 H.P.

8:20 15 80 H.P.

8:21 15 110 H.P.

8:22 15 130 H.P.

8:23 15 130 H.P.

8:24 7M 130 F lash

8:25 7M 120 H.P.

8:26 7M 120 H.P.

8:27 7M 140 H.P.

8:28 7M 130 S.P.

8:29 /M 120 H.P.

8:30 7M 130 S.P.

1 .NO. L No. 1C T3

P jnc.

8:31 7M 120 H.P.

8:32 7C 120 H.P.

8:33 ?C 110 H.P.

8:34 7C 110 H.P.

8:35 7C 120 H.P.

8:36 7C 80 H.P.

8:37 7C 120 H.P.

8:38 7C 120 H.P.
8:39 7C 120 H.P.

8:40 70 dC H.P.

8:41 70 140 H.P.

8:4? /C 130 H.P.

8:43 70 110 H.P.

8:44 70 120 S.P.

8:45 /c 130 H.P.

8:46 /O 130 Flash

8:4/ 70 130 H.P.

8:48 70 130 H.P.

8:49 70 170 H.P.

8:50 70 110 H.P.

8:51 7N 170 H.P.

8:52 7N 100 H.P.

8:53 7N 130 S.P.

8:54 7N 140 H.P.

8:55 81 140+ no pl

8:56 TV' 170 H.P.

8:57 7R 110 H.P.

8:58 7P 110 S.P.
8:59 80 100 H.P.

8:60 6P 140 1 lash
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APPENDIX 6:1 continuBcj

Puncture as a function of Uu» applied v/nltaiic»

I.No. I.No. V Pune. - I.No. L.No. V Pune.

9:61 BE no H.P. 8:7? 6F 90 H.P.
6:6? 8K 110 H.P. 8:7$ 7N 130 S.P.

8:6$ 81 1$0 H.P. 8:74 7N 90 H.P.

8:64 71 1$0 S.P. 8:75 70 130 S.P.

8:65 75 1?0 H.P. 8:76 8P 90 H.P.

8:66 7E 1?0 H.P. 8:A 110 H.P.

8:67 7t 1?0 H.P. 8:0 - 1?0 H.P.

8:68 75 1$0 S.P. 8:C - 140 S.P.

8:69 8M 90 H.P. 8:0 - 1$0 S.P.

8:70 6H 150 H.P. 8:E - 130 S.P.

8:71 8P MO flush
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APPENDIX b:Z

lni;ulat.n[ Lui rtJiU. ds a htjpcliun of t.ho applied VoltagH

I.No. Voltage w iths tand  level in KV

80 90 100 110 120 130 140 150

;:01 0.91 - 1.13 1.25 1.36 1.49
4U2 0.91 1.03 1.14 1.26 1.36 1.5? 1,6? 1.73
LOS 0.88 1,00 1.11 1.?3 1.34 - - -

4:04 0.88 1.00 1.11 1.2? 1.3? 1.45 - -

4:05 - - - - - - - -

4:06 0.87 0.98 1.09 1.20 1.32 - - -
4:07 - - - - - * - -

4:08 0.9? 1.00 - - - - - -

4:09 0.90 1.0? 1.13 1.25 1.36 1.50 - -
4:10 0.93 1.06 1.17 l . r 1.41 - - -

4:11 0.93 1.06 1.16 1.29 1.41 - - -

4:1? 0.91 1.04 1.16 1.27 1.38 1.52 - -
4:1 S 0.91 1.03 1.15 1.26 1.37 1.51 1.61 -
4:14 0.9? 1.03 1.16 1.27 1.40 1.62 - -
4:16 0.89 1.0? 1.12 1.24 1.34 1.48 - -

4:16 • - - - - - -

4:17 0.09 1.01 1.11 1.23 1.34 - - -

4:18 0.91 1.03 1.14 1,25 - - - -

4:19 0.90 1.0? 1.14 - - - - -

4:?0 0.91 1.03 1.14 1.26 1.38 1.50 -
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APPENDIX 6:? con tinued

i n s u la t o r  C u r r e n t ,  n;; a f t in e t io n  o f  Lht; a r p l io d  V o l t a g e

I Ao. Voltoc is la n d  Ipvel in KV

80 90 luO 110 120 130 140 150

b:(n 0.91 1.04 1,15 1,2h U 8 1.51 - -

5:0? 0.91 1.03 - - - - - -
5:03 0.87 0.98 1.09 - * - - -

5:04 0.93 0.98 * 1.09 - < • - -

5:05 0.90 - - - - - - -

5:06 0.92 1.0' 1,16 1,28 - - - -
5:0/ 0.89 1,01 1.12 1,24 1.35 - - -

5:08 0.90 1.03 - - - - - -
5:09 0.89 - - - - - - -
5:10 0.89 1.00 - - • - - -
5:11 0.898 1.02 1,12 - - - - -

5:12 0.89 1.00 1.12 1.23 1.35 • - -
5:13 0.91 1.04 - - - - - -
5:H 0.89 1.01 1.12 1.23 - - - -
5:15 0.89 1.01 1,13 1,24 • - - -
5:16 0.92 1.05 1.16 1.?8 1.39 1,52 1,63 -
5:17 0.89 1.01 1,12 - - - - -

5:18 0.91 1.04 - • - - - -

5:19 0.91 1 2L - - • - • -
5:20 T.92 (.04 1.15 1.26 - - - -

5:21 - - - - • - - -

5:22 - - - - - - - -

5:23 0.9? 1.34 1,16 1.27 - - - -

5:24 0.8/ - - - - - - -

5:2'.- 0.88 1.00 1.11 1,22 1.40 - - -
0.89 1,01 1,12 1,24 1.54 - - -

5:2? 0.92 1.04 - - - - - -
5:?8 0.93 1.05 1.17 1,29 - - - -
5:29 0.91 1.05 1,17 1,29 1.59 1:50 - -

5:30 0.90 1.02 1,13 1,24 1J4 1.44
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APPENDIX 6:? con tin u ed

In s u la to r  C u r re n t  as a E unction  o f  th e  app lied  V n ltage

I.No. Volta ge w ithstand leve l in KV

80 90 100 110 120 130 140 150

6:01 0,94 1.06 1.19 1.31 1.42 1.53 1.66
6:0? 0.94 1.00 1.17 - - - - -

6:0? 0.88 1.00 1.10 1.2? 1.36 - - -
6:04 0.9? 1.06 1,16 1,28 1.37 1.48 - -

6 05 0.89 1.01 1.1? 1.24 1,36 - - -

6:06 0.93 1.05 1.17 1.30 1.4? 1.55 - -
6:07 0,94 1.0' 1.18 1.32 1.4? - - -

6:08 0.90 1.0? 1.1) 1.25 - - - -
6 09 0.90 1.0? 1.15 1.25 - - - -

6:10 - - - - - - -

6:11 0.95 1.06 1.18 1,?8 1.38 - - -

o:1? 0.93 1.05 1.16 1.28 1.40 - -

6:13 0.9? 1,03 1.16 1.26 1.37 - - -

6:14 0.9? '.03 1.15 - • • - -

6:15 0.90 1.0? 1.14 1.25 1.36 - - -

6:16 - - - - - - • -

6:17 0.9? - - - - - . -

6:18 0.89 1.01 1.1? 1.24 - - - -

6:19 0.91 1.03 1.15 1.26 1.38 - - -
6:?0 0.91 1.0? - - - - - •

6:?1 0.9? 1.04 1.16 .27 1.38 1.50 - -

*.72 0.91 - - - - - - -

6:?? 0,90 I.u? 1.14 1.26 1.37 1.49 - -

6 :?4 0.91 1.03 1.15 - - - - .

b:?5 0,90 1.03 1.15 - - - - ■

6:?6 0.89 1.00 1.11 1.2? 1.34 - - -

6:?/ 0.90 1 iKI 1,1o 1,29 1,40 - - -

6:28 0.9? 1.05 1.16 1.29 1.40 - - -

6:29 - - - - - - . -

6:30 - - - - - - - -
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APPENDIX 6:2 conunuetJ

in s u la to r C urrunr. as a F unc tion  o f tht? app lied  V o lta g e

R e d in g s  o f  l |  -  f ( V s ) f o r  S n r io s  6  in s u la t o r s  h a v e  b e e n  t a k e n  a t  

U K V  i n t e r v a l s . S in c e  1( - f ( V s ) is  m o re  o r  le s s  a  l in e a r  f u n c t io n  

t h e  o b t a in e d  d a t a  h a s  b e e n  s m o o th e d  o u t  f o r  10 K V  i n t e r v a l s  t v  i n t e r ­

p o la t io n  a n d  e x t r a p o l a t i o n  t e c h n iq u e s .  T h is  w a s  d o n e  so  a s  t o  i n c o r p o r a t e  

t h e  d a t a  o f  S e r ie s  b in s u la t o r s  in  t h e  o v e r a l l  s t a t i s t i c a l  e v a l u a t i o n  

o f  l |  f ( V s ) a s  g iv e n  o n  P a g e  31.

l.No. Voltage W ithstand Level in KV

80 90
1

v  . i n o
J .  ...

120 150 140 150

7:01 - - - 1.35 - 1 -

7:0/ - - - - - - -

7:03 - - - 1.35 - - -

7:04 - - - - - - -

7:05 - - - - 1,35 - - -

7:06 - - - - 1.37 - - -

7:07 0.92 1.04 1.15 - - - - -

7:08 0.88 1.00 1.12 1.24 - - - -

7:09 0.90 1.01 1.12 1.24 - - • -

7:10 0.91 1.05 1.13 1.25 - » - -

7:11 0,90 1.01 1.12 1.23 1.36 - - -

7:12 0.90 1.02 1.13 1.25 • - - -

7 :H 0,93 - - - - - - -

7:14 0,9? 1.04 - - - - - -

7:15 0,89 0,99 1.10 1.2? 1.32 - - -

7:16 0.89 1,02 1,13 1.25 - - - -

7:17 0.92 1.04 - - - - - -

7:18 0,88 0.97 1.08 1.21 1.33 - - -

7:19 0.9? 1,04 1.16 1,28 1.43 - - -

7:20 0.90 1.02 1,13 - - -
- -



APPENDIX 6:2 con tin u ed

In s u la to r c u r re n t  as a F unc tion  o f  th n  app lied  V o ltage

l.No. Voltage W ithstand Level in KV

80 90 100 VO 120 130 140 150

7:21 0,90 1.0? 1.13 1.24 1.36 - . _

7:2? i 0.93 1.05 1,16 1,29 - - - -

7:23 0,91 1.04 1.14 - - - - -

7:24 0.94 1.06 1.17 1.29 1.41 *• - -

7:25 - - - - 1.35 - - -

7:26 • - - - - - - -

7:27 0.88 1,00 1.12 1.24 1.35 - - -

7:28 0.38 1.01 1,11 1.24 1.34 - - -

7:29 0.87 0,99 1.12 1.21 1.33 - - -

7:30 0.90 1.04 1,14 1.26 - - ■ -

l.No. Vollacje  W ithstand Level in KV

100 110 120 120 120 120

1 - 1.25 1.36 1.36 1.36 .

2 1.13 1,24 1.36 - • -

3 1.13 1.25 1.37 - - -

4 1.12 1.23 1.35 • - -

5 1.09 1.20 1.31 1,32 1.32 1.32
6 1.11 1.23 1.35 1.35 1.35 1.35

Results o f Follow up expert.-nents o f Series 78.
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APPENDIX fc:? con tinued

I n s u la t o r  c u r r e n t  H;i o  ' u n c t io n  u f  t.hp  a p p lio r j  V u lt .a g o

I.Mo. Voltage W ithstand Level in KV

80 90 100 110 120 130 140 150

8:1 - - - • - •

8:2 0.88 0.98 1.09 1.21 1.32 1.43 - -

8: J 0.91 1.00 1.11 1.24 - - - -

8:04 - - - - - - - -

8:05 0.95 1.08 - - - - - -

8:06 0,89 1.01 1.11 1.18 1.29 1.43 1,54 -

8:0/ 0.86 0.96 1.07 - - - - -

8:08 0.8b 0.96 1,07 1.19 1.30 1.43 -

8:09 0.35 0.96 1.05 1.15 1.26 1.37 - -

8:10 0.88 0.94 1.04 1.16 1.26 - - -

8:11 0.86 0.96 1.06 1,17 1.28 1.39 - -

8:12 0.88 0.98 1.09 1.20 1.50 1.42 - -

8:13 0.88 0.98 1.09 1.19 1.30 1.42 -■ -

8:H 0.86 0.96 1.07 1.18 1.30 • - -

8:15 0.86 0.96 1.06 1.17 1.27 1,38 - -

8:16 0.87 0.97 1.08 1.20 1.30 1,41 1.51 1.58
8:17 0.86 0.95 1.05 1.16 1.27 1.41 1,52 -

8:18 0.88 0.98 1.09 1.20 1.31 - - -

8:19 0.86 0.97 1.07 1,18 1,29 1.40 1.50 -

8:20 0.86 - - - - - • -

8:21 0.86 0.% 1.07 1.18 - - - -

8:22 0.87 0.97 1.08 1.19 1.30 - - -

8:23 0.91 1.01 1.12 1.24 1.36 1.47 - -
8:24 0.90 1.00 1.11 1.22 1.33 1.44 - -
8:25 0.88 0.99 1.11 1.21 1.33 - - -

8:26 0.91 1.0$ 1.14 1.24 1.3b - - -

8:27 0.90 1.00 1.11 1.23 1.36 1.45 1.59 -
8:28 0.90 1.00 1.11 1.23 1.36 1.50 - -

8:29 0.89 1.00 1.11 1.23 - - - -

8: JO 0.91 1.01 1.13 1.24 1 ?5 - - -
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APPENDIX 6:2 con tin u ed

In su la to r c u r re n t  as a fu n c t io n  o f  th e  applu.-d v o lta g e

I ii^2 i Voltage W ithstand Level in KV

80 90 100 I l l 120 130 140 150

I 8:31 0.90 1.01 1.13 1.?4 1.35
8:3? 0.87 0.96 1.07 1.19 1.28 -

8:3 j 0.90 1.00 1.1? l.?3 - _

8:3 0.89 1,00 1.11 1,22 - _

8:35 0.90 1.00 1.11 1.22 _

8:36 - - - - -

8:37 0.87 0.98 1.08 1.19 1.27 .

8:38 0.89 0.99 1.11 1.2? 1.34 -

8:39 0.89 1.00 1,11 1.2? 1,33 -

1 8:01 0.89 — — — -

8:41 0.88 0.99 1.10 1.21 1.33 1.45 1.56
8:4? 0.88 0.98 1.10 1.21 - •

8:43 0,89 0.99 1.10 - .

8:44 0.89 1.00 1.11 12? - •

8:45 0.88 0.98 1.09 1.21 1.29 -

8:46 0,90 1.00 1.11 1.21 1.33 1.45 -

8:47 0.90 1.00 1.1? 1.23 1.34 -

8:48 0.88 0.98 1,08 1.20 1.31 1.41 •

8:49 0.90 1.03 1.13 1.25 1.36 •

8:50 0.88 0.99 1,09 1.21 . •

8:51 0,90 1.00 1.13 1.23 - -

8:5? : 0.89 0.99 1.11 - -

8:53 0.90 1.00 1.1? 1.23 1.34 1.45 .

8:54 0.86 0.97 1,07 1,18 1.29 .

8:55 0.89 0.99 1.10 1.21 1.33 1.44 1.55 •

8:56 0.88 0.98 1 08 1.20 1.31 -

8:57 0.91 1.0? 1.13 1.26 - -

8:58 0.93 1.03 1.15 1.27 - •

8:59 0.9? 1.03 1.14 - - •

8:60 I 0.91 1.01 1.1? 1.24 1.35 1.44 - -
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APPENDIX 6:? continued

j f i s u l a t o r  c u r r e n t ,  ^  f u u c U n n  u f  U , u  ^ p p i i u r l  v / n l r . , u f P

'.No. Voltage W ithstand Level in KV

on 90 100 110

8:61 11,85 0,94 1.06 1.16
8:6? 0,91 1.00 1.13 1,23
8:64 11.89 1.00 1.1? 1.21
8:6/. 0.87 0.98 1.11 1.20
8:6", 0.91 1.0? 1.15 1.24
8:6b 0.91 1.02 1.16 1.24
8:67 0.87 0.98 1.09 1.18
8:68 0.91 1.02 1.16 1.26
8:69 0.91 - - •
8:70 0.9? 1.03 1.15 1.24
8:71 0,9? 1.0? 1.15 1.24
8:7? 0.87 0.99 - •
8:73 0.91 1.01 1.13 1.23
P'.IU 0.89 - - •
8 /5  i 0,90 1.00 1.13 1.22
8:76 1 0.89 1.0? - -

1?0

1.?6 1,38

150 HO

1,58

1'>0

*

l a
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APPf-INJDlX 6:3 

L o r o n a  a n d  h la s h o v /o r  I n r o p l iu n  V o lU t t io s

i-Mo. r:iv

1:08 n.r.

1:13 n.r.
?:01 n .r. no

?:0ti n .r. 150

2:11 n .r. 1?5

2:1? n .r. 1?Q

2:13 n.r. l?0

?:H  n .r. is?

4:01 n .r. 150

4:0? n .r. i?o

4:03 n .r. 1?0

4.04 n.r. HO

4:06 n.r. 1 2 0

4:07 n.r. 1?0

4:09 n .r. 120

4:11 n .r. 120

4:12 n.r. 150

4:13 n .r. 140

4:14 n.r. 150

4:15 n .r. 150

4:?0 n .r. 150

5:01 n .r. 1?0

5:04 n .r. 120

5:06 n .r. 120

5:07 n .r. 100

5:12 n .r. 150

5:15 n .r. 110

5:16 n .r. 1 4 0

5:25 n .r. l?o

5:28 n .r. MO

I i:iv F.L.

5:29 n.r. 120
6:01 n.r. 120
6:02 I 90 n.r.
603 100 n.r.
6:04 n.r. 120 ;
6:05 I - 120
6:06 120 -

6:07 120 -

6:08 110 -

6:19 I 115 120 :
6:26 100 -

7:05 I 110 -

7:09 n.r. 120 ;
7:15 n.r. 120
7:16 n.r. 110
7:19 120 m 120
7:23 120 m 120 :
8:06 120 -

8:08 n.r. 120 I
8:09 n.r. 150
8:10 no 110
8:11 n.o. 150 I
8:12 110 120
8:15 110 m .  120
8:14 110 nn I
8:15 110 120 :
8:16 n.r. 150 I
8:17 i n.r. 140 1
8:18 I 110 110
8:19 70 110 I
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APPENDIX 6:j runtimji-Kl

C o r o n a  a n d  f 1 a s h u v o r  in t o p t.i j n  V u l l a g e s

:.No. CIV E.L. I.No. CIV E.L.

8:21 n o - 8:46 110 120

8:23 110 110 8:47 100 100

8:24 110 120 8:48 110 120

8:26 110 - 8:49 100 120

8:27 100 120 8:53 110 110

8:28 100 120 8:56 n.r. 110

8:29 100 - 8:57 % 110

8:31 110 120 8:58 100 m 110

8:32 100 110 8:60 100 110

6:34 100 n.o. 8:61 110 120

H -'j 110 - 8:63 n.r. 110

8:37 110 - 8:64 100 -

8.38 120 - 8:65 110 120

8 39 110 120 8:67 110 m 120

8:41 100 110 8:68 n.r. 120

8:42 90 m 110 8; 70 n.r. 120

8:4 3 100 100 8:71 120 -

8:44 110 i n 8:73 120 m 120

8:4b 110 i;o 8:75 110 120
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A"PK\ID1X 6:4

P a rtia l D ischvinn1 Art.iviEy

■ Aio. ' POiv M p d a -Im i.'Mo. Pdiv 1 M p d a V

8:06 50 147 90 8:47 50 30 80
8:0? n.r. 16 90 8:48 110 147 ;
8:08 70 117 110 8:49 40 93 90-120
8:09 n.r. 165 110 8:50 50 117 90
8:10 n.r. 165 80-100 8:51 50 165 80-120
8:11 n.r. 16 100 8:5? 65 165 100
8:1? n.r. 41b 80-100 8:c 50 93 80-110
8:13 n.r. 165 80 100 8:5 . 1?0 ?9 120
8:U n.r. 4? 80-VO 8:57 90 93 100
S:!1) n .r. 30 110 8:58 50 5? 80-110
3:16 n.r. 14/ 100 8:59 90 165 100
8:17 100 ?95 1?0 8:60 50 5? 80-110
8:19 100 4b 7 140 8:61 30 130 100-120
8:?? ?0 930 110 8:6? 50 131 90-110
8:?b 45 1'.f, 80 8:63 n.r. 5? 80-120
8:?b n.r. 131 100-110 8:64 30 5? 80-130
8:?7 110 74 110 8:66 80 795 120
8:?8 100 4? VO 8:67 80 295 80-90
8:3? 1?0 53 i? n 8:71 40 165 90
8:34 70 95 90-110 8:7? 30 1000» 90
8:35 110 93 110 8:73 60 415 80-130
8:37 50 5? 110-V0 8:74 15 93 80
0:45 80 165 80 8:75 55 1 1 7  ; 90-120
8:46 40 5? 80-130 8:76 80 415 80
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APPENDIX 6:4 con tinuH il

Comments on thin ParLinI D ischarge A c t iv itv  o f ind iv idua l Insu la tors 

8:08) Well developed in both amplitude and in te n s ity .

8:15) P.d.a.could possibly he noise.

8:16) Amplitude o f the  P .d.a.varies randomly.
fl-1 /) F lare up and dying out.G enera lly in te rm itte n t a c t iv ity .

8:19) P .d.a.inception a t  110 K V .E xtinc tion  a t 120 KV.

8:22) Well developed p.d a. from  20 KV upwards.

3:25) Inception e t 65 K V .E xtinction  a t 80 KV.

8:26) low level o f In te ns ity .

8:27) Inception a t ' 10 KV,F lare-up.

8 23) 1 igh in ten s ity .low  amplitude.

8:}? ) l ow amplitude 

8:37) i ow amplitude 

8:45) Sporadic pda.
8:46) Well developed in both amplitude and in te n s ity .b u t sporadic. 

8 :4 8 ) Bulk o f  pda in bottom  h a lf cyc le  o f e llipse 

3:49) Bulk o f pda in bottom  h a lf cyc le  o f ellipse.

8:50) Sporadic fla res.

8:51) Increase o f pda p r io r  to  puncture .

8:54) Flare up o f pda fo r  vo ltages in excess u f 120 KV.

8:59) increase o f pda p r io r  to  puncture .

8:60) Inception a t 50 K V .tx t in r t io n  a t 120 KV.

8. 1)  V is ib le  discharges could possibly be corona.

8:62) Pda is well developed In both  amplitude and in te n s ity .

8:64) Both the amplitude and in te n s ity  are well developed.

0:66) Both the  amplitude and in te n s ity  are well developed.
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A P P I rv jo ix  8 :5

f im e  t o  P u n c t u r e
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APPENDIX 6:5 continued 

Time to  puncture

I.No. r l.Nii. r I.No. I I.No. T

8:01 20 8:21 90 8:41 50 8:61 10

8:0? 60 8:22 5 8:42 30 8:62 15

8:03 120 8:23 30 8:45 10 8:63 10

8:04 30 8 :2 4 20 8.44 90 8:64 10

8:05 10 8 :2 5 60 - 8 :6 5 20

8:0b - 8 :2 6 30 8:46 40 8 :6 6 105

8 : 0 / 20 8 : 2 / 20 8 :4 / 10 8 6 / 10

8:09 8 :2 8 - 8:48 20 8 :6 8 30

8 :0 9 3 8 :2 9 5 8:49 30 8 :6 9 10

8:10 8:30 - 8:50 10 8 :7 0 0

8:11 8:31 90 8:51 15 8:71 3

8:12 2 8:32 - 8:52 120 8:72 20

8:13 13:33 30 8:53 30 8:73 90

8:14 8:34 15 8:54 5 8:74 10

8 G 5 10 8:35 105 8 :5 5 - 8 :7 5 15

8:16 15 8:3b 10 8:56 30 8:76 10

8 : 1 / * 8 : 3 / 30 8 :57 75 8 :a -

8:18 - 8:38 30 8:58 bO 8:U -

8 :1 9 - 8:59 60 8 .5 9 80 8:c -

8 :2 0 30 8:40 10 8:60 10 8 :0

8 :e -
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AP°F MPfX )

D e r i v a t i o n o f  th t»  n o rm a l c u r i e  o s  u io f j  in r h  A \

- . w i  K 1 4 U V I  t i l l " '-'viicauvji 3 wl LI I

^  - , a t o rs  ^  "  KV
No.of punctures
a H3
Avorage puncture voltage 1?Q 6 Kv
Standard Deviation

’ I .6 KV

I t  a Gaum o r normal d is tr ib u tio n  cu rve  w ltn  u - ,20 KV and 
(i standard dev ia tion  o f 11,6 KV.[?t.?b)

- H i  \n .u f  insu la tnr^

80 1.0b k 10 * 3 «1
90 I . W  x 10* 2 ?

mo 9.008 x 10 * 2 12
110 c,?;b 37
120 0.3989 54
130 0 273 37
140 9,008 x 10*2 12
ISO 1.40-r x 10 * 2 2
IhO 1.05 x 10 * 3 <1

! 'W C O m w o ~ " n9 " o u f '" S u l*  ars fo r  each value o f P ( „  „  
ca lcu la ted  as follows:

I r w . N o .  ,,u „ p ,^

P(X) a t  i?n KV T i W
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