Brittle Fracture Failures at Israel Electric:
Study & Analysis

BACKGROUND

Between June 1997 and March 1998 four composite insulators failed by brittle fractures on 161 kV lines
belonging to Israel Electric. At the time, about 4000 such insulators were already in service on the

company's HV lines (beginning from 1989).

Not long before those failures occurred, management at the utility had decided to switch from the use
of ceramic long rod insulators to silicone rubber composite insulators for all new 161 and 400 kV lines.
In this context, the above successive failures of HV composite insulators in Israel - made many think

that the above decision had perhaps been too hasty.
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The fallowing artlola was contributed
by Mesars. F. Kaidanov, R. Muntaanu, G. Shainfain
of the Electrical RAD Laboratory at lrael Electric

1. Bac

Betweeen June 1997 amd March
1968 Four compesite insulators
failed by brittle fractere on 161 kY
liewes belonging 1o lirael Electric
At the time, abaot 4000 such
insulatoss were already in-servioe
an the company’s Y lines
(heginning from 19HY),

mot long before those failurcs
occurred, milnagement at the
|_|T|'|||;§ B decidiesd tee switch from
e wse of certrmic long nod
insnelatiors to silicone mbber
composiie nsulators for all new
161 and 400 KV lines. In this
context, the pbowe sucoessive
failirres = the fret reconded failures
ool HY commpaosite nsulators In
lirael - made many think that the
above decision hinld perhaps been
oo hasty,

Given these clicomstances, the
Insulator Section of the Electrical
K&y L,abnmtm:r wias dasked [0
'|:||:rf|:|rrn1 wn i|:|~|J.v|,:FrIII imvestigation
of the fatlures, The purpose of the
investigation was twoiold: to
dicument the status of inatalled
|_'I:h|]".|p||_'|5.|l1' i latorrs l the saime
v and age: and o ;.',:I1.|1l'."!' and
valuste data which might explain
the reason for these filures in
arder o Ffind ways to avdid e
in the ftore,

The nwestigation comprised the
following activities

a. Fiedd tripes o Eines, equipped
weith the same type of Insulators
as those which had fatled in
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orcler to eximiee el
Befunviour under operating
copditlons (e.g. checking for
oo soirces and partial
discharges om their surfaces),

Caleulating the electric flelds on
the surfaces of these insularors.

¢, Examining the failed insalobors,
including viswal inspectican o
identify and charscerize the
damage as well as chemical
tcsting of the frcture surfice
aned it examination aides 4
|||i|:'||.H|.'|::-|'r|.*.

e selectbon of tests o be
perfimmed was based on published
dliti aboart |_'h::-.u-.i.|||4.' caises ol
Faabuires of Co o e Insulators as
well as relying on consultations
with International experts ancd
the insulator manufacturer. Al
Chiemiical tests and microscape
Examingtions were conducted at
the [EC Materlals Laboratory,

2. Findings

!'qhnnl}' whter the imvestigation
begam, 1t was found that one of
the Insulators falled as a direct
result of the application during,
imstalliation of i hI'IIIJ'iIIH A1
whiich was above the permibssible
limit. Therefore, the investigation
contimued only for the remaining
thimee failed tnsulatofs,

2.1 Findings from insulator
inspection under operational
conditions

Ty fielcd rri[_n were muacke along
161 kY lives equipped with the

saime type of Insulators which had
ffled. These were undertaken
right during the months of
Avgiust and !‘-i-|'|:I|.~1nI|1.-r L1955 in
conditinns af high melative
Brumibdity (exceeding 759, Partial
discharges and coroma somes
wore icemtified in most of the
insulators inapsected, bat witkh
diflfering intensitles,

Figure 1

o Al WD

Figures T and 2 Hwstrate instonces
where high |ntensity discharges
woere reconded, As thise Tigures
ahww, the end Hvtngs dilfer [rom
ane camposite insulator to the
other. The insulators observed on
thvese lines had already ben in
aerviece for 1,5 up to 7 years. The
Iigun". alsos show that maost of the
discharges were concenirated in
thie arca between the end fitting
niear the conductor and the fird
shied of the brsualatesr. Constant
cirona discharges were nlsin
reglstered on the ends of the
arcimg hamms,
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2.2 Findings from electric field
calculations on the insulator
surface

A Coimjiuted o3l o the
insulaior under study was set=-up
in order o calculate the electric
field strength in the area ne

the conductor. The ¥ Coulomb”
SOTwire ProgETiem wWils wae for
this [pRarpsE. This miodked tosik
ik accourt e ||ne'|.'::\.-|,' Reomielriy
cetails of thee insulstor (See Figuoe
1) but neglected the ntluence

of neighbouring phases. The
dielectric constant (¢) of the
miatierials dglass fbers, silicome
rulshver, air) was biowever brken
it accouril.

than the electric fleld
strength needed (o cause
lomization aof thie alr

e ares wndler maximunm
elevirlcal st was lochied
near the silicone rubbes
sepling laver at the
contnel . {These results are
prosenied in Figure 4), The
muaximmum value caloulated
Fowr this aiea whaes 36 KV icm

Based on the findings Trom

twi of the faklhures, two more

calculations wene made of
the electnc field which
|I|.".*1'!||'|1'. in the presenie

ol & defective insulator, e.g.:

1. An alr bubble in the
silicone mibber housing,
near the end fitting

2. A contaminated crack (or
groove) on the surface of
the silicone nebber honsing,
near the end litting

For a crack 1 mm wide on the
stllcome rubber housing, covered
with thin, very wet, condouctive
contamination and located close
to the end Reting, the maximam
electric Neld was some tens of

a kViem, For an nir bubble sith
a Uhh mm diameter, the maximum
electric field was 8 KV/icm

{see Figure 53, The dischame
lescations on the surface of those
imauilators abserved during the
Held trips under operational
conditions mached the
maximum electric field
distribaution caloulated in

the computer model

Figure &

The electric field strength inside
the end fitting (under 8 voltage
of 100 KV was e, rsing to a
miaxirmum value at the opéning
to Bl Fttingg, The maximum
vialue obained plong the fiber
wlass o oxls was 129 kViem and
on the rod surface 13,8 kYfem.
These values were obtained at

a distance of 15 mm ouiside
the |'-|1|.'-r|i1'|;..=| of the end ||1r|.r|u__

Electric feld strength was
calculated in the area of the
fitting containkng the ring of alr
The maximum value obtained was
2.2 kV/cm, which is much lower
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2.3 Findings from the
investigation of the failed
insulators

e thiree insulators which

T faibed were taken to the
laboratory lor Imvesingition
i of these ang showet in
Figures & & 7). These insulators

were 6-T years ald and hisd
heen used on the line for
basbween 1.5 wned 6 yeors,

i

Alter sevent] tess, Hoe Eirst
yrvsulator wos glven to the

manitbactiires for examination and

tir saslumit thelr opiniog about the
fuilure. In omder Lo recelve furthee
opinbons concerning the causes o
thite fixi lures, other experts i the
Field ol |'_.Z|[|||I||‘\.i1|' insulators wens
also contacted

2.3.1 Findings from

visual inspoction

= For all thres insulators, the
silicomne pubber housing wias
tound to b 1.5 mum thich.

s All thres nsulolors were
plentical In structon

s 1 all three cases, the brittle
fracticre Gallure ocowored i Eee
arii berwern the end [itdng

a0 INMR®

close 1o the
eonductod and

ke first shed of the
insulater

e |n the vicindty of the
{allure, acreleried
vl of thie insulitor
homsing wis
recuided, apparently
caused by electrical activity
{dischargesi.

# Sions of mechanmically ireduced
dumige were recorded o this
ares (nsulatons 1 and 3.

¢ Thi sillcome rabdser material
which seals the opening o tha
end Fitting was found to be
hurnt and partially peeled by
glectrical activity including
dischamges sned Lhe appearanoe
of corond (see Flegore 81,

¢ Two distinct areas were visable
o Hhe Fractidnd SUriaces or
perpendicular to the insulator
axis, and the other (@bout 5%
of the o fracture surface aresi)
having the pppeamnce of a
standard fracture which resulis
{rom tensile striss

2.3.2 Findings from
examination of the fraciure
area under & MICFOSC0pa
Fraicture areas and thee pegions
arond thiem were examinegd
using an clectronic microscope

Magnification of 1000 and 20000

enabbed identiftcation of
individual glass [ibers (i
diameter of o single glass fiber iis
about 10 microns) as well as the
comdition of the frecture ancs

O each of the three failed
inceulators, o some aneas e
croas-section of glass filkers is
clearky visible and their surface is
smpooth s typleal of o britle
Fractur,

The examination also investigated
the content of the ke L hermilical
elements (5, AL, Caj al the glass
[ibers in the various regsons

Ihie resulis

artivnil the fracihne
plHained did nol shoow a
sipmificant and conskstent
viriation of thess waloes {r
diflerent repicmis of Lie fracture

3. Summary of Findings
from the Failure Analysis
After thorough investigation of
thie three failiires, the following
fimudings were i spirkl fo b
epecially relevant

. From examinatkon of sioilar
prasulitors under .--.|||_-|;|||._|||_||
conditions, a constant high
lewe] of slectricil activity wias
evidlent in the ama where the
fii lres pocurred

h. Electric Held calculations
on the nsulator surface
determianed that thene vwolld
be a perrmanent maxmm
concentration of the electric
field in the failure amea.

€. Labormtory examination ]
thyi= rsaalator found numerous
'q.|l.,i"'||-. .L|| .L||_|1.'.'.r||'|- LRITESL LS
corrasion in tha toilure area

d, The insulator's silicane mebbe
housing wis only 1.5 mim
thick anil iI|I:J-.I:n.'f'I.IL!.' comnlcl
iy D |.||.'=.III-[.1'I| b i
mechanical blow or steady
corona dischanges.

e, The insulator wis not eguipped
with a corona ring. Generally,
such mng radically reduce or
previent corona formation in
ihe area of the emd fiting.

. The silicone rubher layer
sealing thie end ftting st its
sending ability with time,
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K Thee ghiiss fber wiid for the & Design Factors
rowd of the fabled insilators was 1} The thickness of the silicone

neot brittle fracture resistant rubber howsing was only Barttor Relishikity & Lover Costs
1.5 .

h. H.Igm. el me hanicil elows Hﬂ“ﬂﬂlhﬂl‘ 1 5*21 ¥ 2““‘
were found on the first shed, ) A constant high intensity L "H of
near the failure area electric field developed in the FRARGEL- LR QL0

[aibure aped, wiikch led te stromng :":1-1;4 nahal, L‘J hina

i Microdcope examination of and permanent discharges at :
the fracture arca revealed glass thiat location. This was likely
fibers with different fractune tor eroce thie rod Bossing with
‘.hiI'PI_'H. Some muatched thae Liime {oordina oornosionl. A - o i "
properties of an ordinary A not-to-be-misse:
mechanical fracture, while 3 The insulators wen ot B TR e
atisers matchaed the ||rv::l[|L-rliL-1. L"l;,I_IJ'IFIq:H.'IJ. with grading rings e ""ﬂnt F"'Ir HHHI NEErs
al a britthe fracture. ard the manufacturer did mot

j ] -
subject them to corona tests, involved in the EiE!EigI'I.

4. Stages of the e

Failure Process ) The Inscilabor rod was ol SF'":“"I.FII"'HHUH 'E”-H-I

Based on the abose findlngs and reslstant to brittle fractune, 1 =

thi knowledge gathered during maintenance of

thie investigation, the failure b. Operational Factors IR ST _a

PrOcEss sesms b have passed Iy The insulators rubibser nousing Ir'l.‘_-l,]lq,'-'.ll,'[_]fhl. ._-]I'FE.'E;TI.:.'I'E

thraough the followlng stages: was damaged (ot least In the

case of two failed insulators) and bushi ngs.

1. & mechanically imdusced near the emergized end fitting
damage to the silicone rublkser el 1o service on the grid.
howsing |n the fallure aren
during insulator storige or 20 The comadition of the insulatars
nstallation with i witho was ! examined J'-'r.',l'i.lI-r'
exposing the fiber glass rod; commissioning. More than

thuint, oz of the failed

2, Coroni activity in the failune insulators wis resosed withou
aren while the insaalator s first being checked for phoysical
in service under voltage Integrity between the twi
exacerhating the hanm done iifferent imstallations

to thie hoaesing;
Ag a pesult of this investigation,

3. Ritric achd (HNOg), which the continuing purchase and use
forms an the insulator surface of composite insulators on the HY
Frosm dlrops oF main waler network of lsrael Electric was
exprsad 8o corona discharges, meade subject to lmplementation

penetrating the rod and starting  of the following key guidelines:
b eroiche thie glass filbers;
& The whdth of sheath reguired

4 When the reskidual mechanical i specifications for composite
strength of the mod is equal 1o imsulators is mow defined as
thie weerighin ol the conduchor “al least 3 mm”™

aned tha dynamic siresses on |
uncker operating conditions, the = Composite insulitors for

road breaking by brittle frdture. Lal kW e specified to be
supplied with gracing rings
5. Conclusions on the line end and miost pass
e Initial stages of thi filore a corom test

prosoess (see podnts 1 oand 2, of

section 4) wese made possible by = Stomge and line personnel

a combination of both design receive special nstructions for

and operational factors, proper handling of composite
irsulatori.,
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