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JANEJIRA GRASAESOM : AGEING DETERIORATION OF SILICONE
RUBBER HOUSING MATERIAL FOR POLYMERIC INSULATOR UNDER
SALT WATER DIP WHEEL TEST. THESIS ADVISOR : ASST. PROF.

BOONRUANG MARUNGSRI, D.Eng., 184 PP.

AGEING OF SILICONE RUBBER/SALT WATER DIP WHEEL TEST/SILICONE

RUBBER POLYMER INSULATOR

This thesis presents ageing deterioration of silicone rubber housing material
for polymeric insulator under salt water dip wheel test. The strength of tracking and
erosion of silicone surface were studied in this thesis. In this study, 4 kinds of polymer
insulator (type-1 for 24 kV system, type-1 for 24 kV system in De-ionized water,
type-2 for 24 kV system and 36 kV system) were tested based on IEC Publ. 62217.
The physical analysis by visual observation, changing on silicone surface was showed
the effect from discharge activities. In addition, corona discharge and dry band arc
were observed in during the test. After 30,000 test cycles, tracking, puncture and
erosion were observed on silicone surface. Increasing of hydrophobicity, hardness
and roughness were observed when compared with the new silicone. The chemical
analysis by fourier transforms infrared spectroscopy, decreasing of Si — CH3 and Si -
O were showed in the results section. Finally, the physical analysis by scanning
electron microscopy was showed erosion of silicone surface as same as analyzed from

visual observation.
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2) metal fittings 103w Tanzilsznunuunugndlrensassaruie iuTaseasesy
Y
Wiiin
o [ § [ a a 1 [ I
3) Ingnae (weather sheds) Wi ndag luilluasiinyiiaa1s q Tasligdiniioe
g @ { a a 14 a ]
U5z Tominemsldaunaluih fagnldlumseaailngndrenurunedwesinatowiia imu
Tw%mmzﬂgaaiimﬁﬁu (poly tetra fluoro ethylene : PTFE) tnWadu (teflon) 819D WO N
. =1 as =3 a 4 an
(epoxy resins) Tnaenau (polyethylene: PE) ADUNTANDALNDT (polymer concretes) 81910NAU
Tusnau (ethylene propylene elastomers) 1aZ819%a LAY (silicone elastomers) ﬁeiu%ﬁ@u@iaz
a A wa A ] o 1 < A A o a v YA Y I K
yalauauianuananueon 11 eg1elsnau Tieigastiaoauniuinaaliiiuia
S A % aa I @ i~ A
Usz Temintinognalrenuruliihnmeusnoinsdeendalawiuidaniiongnis laaun
g1z asonu ldnnanimuadon
a = v ¥
21gndrenuIUNOAINDI NN UgNTEI01a2 metal fittings MU ANIATIANI
A Y %/ ' 9 o
Tflvasununumanatuvesneaiitazuenloars q Tuaanzilsezitlouw v ld
a A s ' A A s ' 1 2 Y AAq Yo
NAATFITIVNAIUNRTOATVITURAWIZAIU (local discharges) Fadawaln arsalnlsimnu

9 a A [] 1 1 a A = 1 A Y| 4
ANNWINANIILHONDNOY DYNUFU 'iENW’JlﬁﬂllﬁfﬂWﬁ]Wﬂ’J"I‘]JulV‘ILLﬁzﬂﬁﬁﬂﬂifJu ielaenuunu

ANNIBIINANIZUIAGOUA 9 Laziiods 195282nTZIa5 (leakage distance) 11 1AA1ME17
Y o Y & Y o Ao o w ' ' ¥
asadomnuavesgnirenuan Fuiludeimuaninnudidgediauindenisdauly
~ Y 9 = Yo A Y o Y Ao 1 an <
anmezilenuazuie Ungninedsldsumseenuuuuuive Tisimihidena 1 uazensda laun

o Y 3 Y o ¥ o A £y a 4
QﬂUTNTGlGHLTJUQH'JHIﬂﬁQTjN?ﬁWﬁ‘UVI”I‘]JﬂQﬂﬂ'JEJﬂu'JuW@ﬂLN@ﬁ

3.4 gazalau
9 &' Aaa = a a

Tassad1esluanaiug uuee19Falauno woa latufalsaoniesy

. . o A s ~
(polydimethylsiloxane : PDMS) aduaaaluzili 3.2 esdsenouyagiululuanaves wedla

a Y ' v 3 a AN .

wia lyasnuvrdszneunie e lanantua1seHun3d (inorganic backbone) 31NDLADY

aa . Y a =) a I ] (7}
VN FANOU (silicon : Si) NU DONWLIU (oxygen : O) asNINNA (methyl : CH,) WunaeTesau

9 an I () = .
mnuuamamawaﬂaugﬂuwym1qtﬂﬂa (side group)
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Weather sheds

519 3.1 TnssadeueagndrenuIuneaes (Boonruang, 2006)

WAIIMUWUTZ YD Si - O (backbone) 11 Tutanavosned latuia leaoniawuiing

v 1 1 o v a o a 4
U52u19 444 kJ/mol FIUAINIANIINEINUNUTLUBIDUNTINOAINDS (organic polymers)
o ] 1 A o Yy a A J a Jd . .
#198194%U C - C (356kJ/mol) 150 C - O (339 kJ/mol) 1111 o HUNTIN0AINOS (inorganic

=) o a 14
polymers) l@DITNINOUNIINOAINDT

N
CHs CHs CHs
CH3—Si— O —Si— O |—Si —CHjs;

CHy CHy CHa
N n

517 32 TaseadeTuanavesned lawiia lvasniwu (Boonruang, 2006)

4 ad . 9 U
11109910ANNE50 IUNTAIABIANATOUVDIDADY Si (1.8) HDINI1DLADNUDI O
R i 20 ¥ I ¥ N L Y
3.5) i Ianwuse si-o gnlwar lagldiluTaseadenilian ezaowves sitfludruinuaz
Q 2 ~ < 2 o 2 o A
ozndNU0d O Huvnay Tasiianuudasaveamstlunuszlssuia 37% uazitlunussain
Y Y 1 @ . o Y an
Hanuades arelassadauuuiveanuse lsaoniay (siloxane bond) 3991 17 a9 a Tauil
A [ 9 [ < 4 @ I~
AuANTANINUABANS DULAZEN12201NA 8813 L3NA1 1HesanWuse lyaonywilu

9 ]
WUFZUUVNU? %\1ﬁﬂ’ZﬂllLL’E{EN%1ﬂNﬁﬂi%ﬂﬂﬂlﬂ\iﬂimmxmﬁﬁ}’w
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522N UTE lyaonian (1.6x 10" m) HA21WE1ININNIITLISVOINUTE
J 14 -10 o . oy A 1 1
MITVOU-AITVOU (1.54 x 10" m) HagyuveInuse lyasnian (O - Si- 0) (140°) AUAMINAT
o 4 a A o dy [ Aq ¥
YUUDINUTAITVBUVDINDAIBNAU (C— C—C) (109°) uanIInUNAINUNTFlun1snyy
WUBE Si—0(<0.5ki/mol) TArdesuimionTemfisununavaunldlunisnyuvos
WUBE C— C (15.4 kI/mol) W30MWUTE C— O (11.31 kl/mol) 399119 Wuse leaoniyunyu'ld
' 9y 2 9 aa a IR I = .
Ny Aemgil Inseas e Tuanavedsa lnuneamos 1uilunuunae? (helical structure) 1ag
Y Y . ) Y & = = 9 dy 1 ya
U5eNouAIBNUTE Si— 0 11U 6 WuTE lunTNTouNAY) H1ATIa DUz dINa ik

= vaAa

Aaa a 14 9 A & ?:’ d‘ = [ 2K a Z,
ﬂjawaiﬂuwaamaiﬂnﬂqu”lﬂmmwacmmmaummwEmmauuazuwawmmemmm

q

1n Inseadnaanan mldArves PDMS Tauaniandinnilsznoudaas
1) 1595 NIIMYURINN AN
2) AnuansnlumsdanguueInuse leaonung
< o
3) AT LS lraonauga
v & o A g‘u J @
4) mstiquantiadunuse v mvesuse leaonru
o wa A ' 9 Y a a 2 & J A o Y
anvazautannanutieduvesnea lawia lsasmwugauiuaiuini 1vens

Y a

Aaa = vAa ~ o Y o Jd o [ 9
Falaulguavtamuizaunoziulgiigniteauiuneamasdimivlslussuy
) Y
Tfhussgedenuaniamaniulsznouaie
oA I a a d'd
1) auantavesmsiiuladianainia
2) FANUNUMUBIUADTNIIEDINA
[V =) ,O' 4
3) AuaANAvRIRIIUD IR AL
4) Tigdosnmganianuioutazmsnygnsennuesndiou
aa . A ~ o Y I
819%a 1AY (cross linked PDMS #50 XPDMS) N11u l#ilunauiunieuenluszu
Tus sgaasonaeld 2 nuuMuVLIUMTHEA AB high temperature vulcanization silicone
y gh temp
Y
rubber (HTV SiR) 4 8 & room temperature vulcanization silicone rubber (RTV SiR) U9 N3 1N i
v A a a 1 1 a aa d‘ o A A [ A
gaimsaumsauuaaazasaoauad 1l luenadd Inuiehmanumiodiuljsnuaniia
= ana YA 9 d' 1 9
NNMEAIN LazNUALY1FA Iau 1Le1gn s IFnunenuuLaznuaean1zIIAdoN
[ a I A A 9 a an A @ A
asao@miuarsi@man liieSunssendalawiolsul jeamaurianianenin
TAga 1113 DINNAINITNAIUNIULIIAY (tensile strength) AIAUTAEGU (Modulus) AIAUNU
ADN1TANUIA (tear strength) LAZAIAIIUAIUNIUADNITYATA (abrasion resistance) YOIHI

aa v ' ' 1 Aaa e N 9 A A aa
Fa AU A2I9619FU LUNITAN (fumed silica) 1f|mu!ﬁm"lﬂrwamuaummwummmwaiﬂu

a d‘ a 9 d‘ A 1 1 a d‘
pgiulas lainsa (ALO,3H,0: ATH) MAud liveriuanumumuaososdnTouanv
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4 A Aa R A
110 Il sazernuanuawsalunmanu il Tagegiiunlas lawasazuananilu egiiu
90’ A o Yy Aa A 1 o A a é’
(AL,0,) uaz 11 (H,0) tiegnih 1iFeunazgungiimugandn 200°C 11103910MTAATLYO
3 < aaa 9 2 o ya aa < =2 o Y J Y v Y
ntlhnlgasenuugennuiou 39 1iAIvew19%a Inwauas sah ldersamallihau1a

I

1 . I A A 9 A o Aaan A A A
q159n0Y (coupling agents)L‘IJ‘L!?T”I?VIL@]ZJLEUTUI‘]JLW@VH‘]JQﬂiﬂTVITQ!ﬂﬂJLW@LWN

s A

ANUENID UM UAAOUATNTEITEHINATADIALAZ A8 THNDALNDST ATIFOUAUDEN

=1 1 a [ a 14 o Y Aaa =\ A Y A A 1
AvosmsaoAuLazae lawoames iz Ine1edd Inulauauiane lWihng sanugangu

' A k1
Lmxﬂm3111ﬁ'1uw1uuﬁﬁmwumﬂmu

a o dd' a Y A
35 Naﬂﬂﬂ!”nﬂ!ﬂﬂ%1ﬂiﬂiﬁﬁi]ﬁﬂfﬂﬂﬂl?1ﬁ

3.5.1 High temperature vulcanization
4 an ] a o A 1 3 [
Tasea$adenvi19e19%a lauvesaie Tgnedwesn luiluaivdszneuves
4 oA a A o =) a ]
aslszneunlesean laangungil 100°C Tasnarssznevnlesoen ladlioyyaddszoy
= A A ] aan 9 o a dy @
meluzsezaouveslalasnun luouanilulgnsenlaneunueyyaddszil Tasgnnannu
a Y A ~ ] 1 1 J A 1 g
1Innsna Inssadrureouvaeiedsgninaio lgves laaonyu dauarsn luiilu
1 Aana 3 1 <
duilsznouvessnda lauszgnizionatoilu lood19sanGa
3.5.2 Room temperature vulcanization
an XA ' A Aq Y o Aa Aaa ° o
FaTanuuana1991nI5n 15 Iaen 1 lunseaaessa laudmsuaeuen
91A13 FINTTINAINUBI NN UNLIUYDINAY l¥a1UDa (silanol group 150 Si - OH) 3NHUTE

o ¥ o A A (aaa @ ¥ < Aa
leaonaunuii dsaunisn G.1) TasMlnsenissavarvesin funszuaumsniinga

A I v Aaan
nsowaiuausalgnse

H,0
—CH =CH, =SiOH+ = —» =Si0Si =+H,0 (3.D

]
aaa A A A

Aaaa I 2 Aaa
U381 hydrosilylation 11U Ao LM sINNTUV0IRABUTANOULAL

'
(S

o s { o 12 o ' A
laTasu (Si-H) vesnuszasuveunds luouda #elaena luudrngu'laiia (vinyl group 3o

' Aan ' av 4 9 o A
-CH= CHZ) Qmiﬂﬂgﬂiﬂﬂﬂﬂiawmﬁu LBU LUNANAUY L‘]Ju@]u ANFAUNITN (3.2)

'Pv
=SiH+=H,C =CHSi=— =SiCH,CH,Si= (3.2)
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a o H 1
NOALNDT (depolymerization)) n3enstlasuulainianignIneail (physicochemical) +%
{ A %,‘ 4 I { 1 e o [
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$ < o a I3 4 Aa
Tymndunoaunigalumsldnugndrenuiunedwesnae nMsidounosusInd
LY . . - PPN é’ Y o Y 9 [
an818nUIU (surface deterioration) Fuijotnadundrazildnnuannsolunsilosnunis
Y F2 )
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TWdhgumezha wanawunne vgsirInlinszuasa (leakage current) HazAd 5991010
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Fah'lilgmadounosvesiignirenuiulasiznoudie
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woa lawina lwaonisy
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Falaunawsouandaalalulfnsergnls laun Wuse Tna1aun (covalent bond) 7311319
A ] 4 a I Y aa = 9
laTasnunazozaoudy 9 15u miveutazeandan Hudu vine1edad IauliTaseadan
dd’ dy 1 Y Y aa g/} d' % = aan a o 9
linoasMIUANAI I8d18 81958 ITauinazi@ouanmaamani Tnslgnsoreondgiadu 1

ey ldde



21

CH, 'CFZ
2\NO—Ti—O\Nﬂ>\No—ﬁi—O\N‘+'H +\N‘O—‘ﬁi—()/\/‘ +CH, (3.3)
CH, CH, CH,
: 2, 3
CH
" I i
2\/\/‘O—S|i—O\N‘—) Hzc—s[i—CHz— CHz—sli—CH3 (3.4)

CH, % Q

: 2 3
T | v

\Mo—?i—oww\ﬁo— ﬁi—O\N‘—)H3C—ﬁi—CH2—ﬁi—CH3 (3.5)
CH, CH, 0 s 0 s

1MAANNTH (3.3) 19 3.5) Hluaunisvesnguleasenda (hydroxyl group)

nunguleaiuea (Silanol group) ¥oUNNAY (methylene) HazooNFIU VINUHAITo1AUNUN

vy (% ~

' A o A A = Y 3 =
ﬂ'JElWﬁ\'i\‘l’]uﬂf;f\i LBU Fﬂ’lﬂﬂ’lilﬂﬂiﬂiiu’l ﬂ\?‘ﬂllﬁﬂ\ﬂuﬁﬂﬂ'ﬁﬂ (3.3) AN (3.5) !Lﬁﬂ\‘]i?‘ilﬁuﬂ\‘l
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= A a X v v A g a o '
Tugumsi 3.4) tazaunsi (3.5) NATUIINNMITTINAINUBNATIEZINANITTI IHavengy
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wnau
362  mahalelasladaiinivesnedlamnalvaoniy

Ugnserlalas lada (hydrolysis) 1 udnuiledfazerinu 1dteslunis

(4 = d%}/

aa aaa g Y [ (2 aa 4
amﬂm‘wwmmmmwaiﬂu 1]QﬂiﬂWﬁL?‘lﬂ’Jﬂlﬂ\iﬂUﬂ1iﬁ'aWU@]’JﬂJﬂﬁﬂWﬂ%ﬁIﬂuLﬁf]NuW
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Y
°

] a Aana a dg! (Y A A aan A I U U ]
oasimanalfnse lalas lagavuednugungil iesanignseniindudiusiutineggn

1 aaa = H [ A aan
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=) 9
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v s a v @ ] 1 4
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H, HOOHZ? 0
. Uuv ) -CH,0 . .
\/\/‘O_ﬁl_O/\/‘—O)V\/‘O_ﬁI_OM——)\N‘O— ﬁi—O/V‘Jr OH_)\/V‘O_ﬁi_O/V‘ (3.6)
2
CH, CH, CH, CH,
OH Z(]) (I)N‘
| Condensation ) I
\/\/‘O—Ti—o/\/‘ >\/\/‘O—ﬁ1_0_?1_0‘/\/\ 3.7
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o ) ﬁ 2, 3
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CH, CH, CH, CH, CH,
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S, =(5.7x10%c,,) " (6.3)
S xV
SDD =—% (6.4)
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¥HAUD YA 1AL WUNAAT (cm))
52UV 24 kV ¥UaN 1 785.45
5EUV 24 kV ¥UaN 2 785.45
52UV 36 kV 930.97
NNAUMIVNAUANTDMUIANAT SDD Tasuaadluaisnam 6.6
A13199 6.2 A1 SDD Y09819%a 1Y
. ganigll | eaueildih SDD
819%a 1A .
(°C) (uS/cm) (mg/cm’)
197 1 25.4 442.60 0.075
197 2 25.4 260.40 0.043
5211 24 kV 199 3 25.4 460.80 0.078
¥UAN 1 199 4 25.4 297.00 0.050
197 5 28.9 135.04 0.021
197 6 28.9 116.62 0.018
197 1 26.3 382.80 -
321 24 kV 7
L 2 2 263 411.80 -
¥UaN 1 —
2 , N 3 26.3 402.00 -
(maaouluiimlar) —
N 4 26.3 398.60 -
5201 24 kV 197 1 28.9 154.04 0.023
¥UAN 2 197 2 28.9 101.94 0.015
197 1 24.0 335.80 0.053
97 2 24.0 340.20 0.054
521 36 kV —
AN 3 24.0 316.40 0.050
AN 4 24.0 346.20 0.055
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MINATDUYAN 3
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AWHUS | NAIMINAADY Hileuns sy
ABUMINANDY — — —
a1 | am2 | @3 | a4

1 38.46 50.64 | 50.96 | 53.52 | 53.66
2 38.46 57.28 | 5824 | 57.84 | 58.24 _
3 38.46 57.60 | 57.36 | 58.08 | 57.84 I
4 38.46 49.68 | 50.64 | 52.72 | 55.20 I:g2
5 38.46 56.80 | 56.48 | 57.04 | 57.68 I 3
6 38.46 56.16 | 57.20 | 54.88 | 57.92 - [ 5
7 38.46 4992 | 52.80 | 51.76 | 53.04 I _7__=é
8 38.46 56.80 | 56.24 | 56.48 | 57.28 I —
9 38.46 56.64 | 57.20 | 56.80 | 56.96 | [10 191
10 38.46 49.44 | 5096 | 52.32 | 52.08 I ?2
11 38.46 57.52 | 55.44 | 56.88 | 57.84 | 14
12 38.46 5736 | 56.56 | 56.88 | 57.52 16 15
13 38.46 50.24 | 51.12 | 52.00 | 50.4 I_ﬁ;
14 38.46 5736 | 5624 | 56.64 | 58.00 I_
15 38.46 58.00 | 56.48 | 56.80 | 58.00 |
16 38.46 49.92 | 5240 | 51.92 | 51.04
17 38.46 57.52 | 57.20 | 57.68 | 57.52
18 38.46 57.52 | 57.52 | 57.60 | 57.12
19 38.46 54.40 | 5584 | 54.88 | 55.28 Tiroad
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¥UaN 2
AALT (Shore A) AU
AW , NAIMINAADY i Ylouusiau
nOUMINATOL — —
AN 1 AN 2
1 43.36 52.24 55.20
2 43.36 56.96 56.88
3 43.36 50.80 53.36 |
4 43.36 49.76 48.48 .
1
5 43.36 53.04 54.32 I:‘)DZ
3
6 43.36 57.76 56.40 I 4 c
| —
7 43.36 50.32 48.24 6
7
8 4336 57.84 56.64 | L_8
9 43.36 51.28 52.40 | |o 9
. 11
10 43.36 50.32 48.24 | —_—=1'2
13
11 43.36 54.72 55.60 - 14
| —
12 43.36 58.16 55.36 - b6 15
13 43.36 47.20 46.96 I L
19 18
14 43.36 58.64 57.04 -
15 43.36 54.16 55.20 |
16 43.36 49.04 54.56 ,
17 43.36 56.96 54.56
18 43.36 53.04 56.80
19 43.36 54.16 50.64 VIn0IAY
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A1NLT (Shore A) AU
Ay | WaIMINadol
AOUNINATRY ———T— T -5 T -2
AN 1 AIMN2 | AIN3 | AIN4
I 38.08 4640 | 4928 | 50.64 | 49.68
2 38.08 5728 | 4240 | 50.72 | 43.92 tlounsadu
3 38.08 56.96 | 42.16 | 5472 | 43.84
4 38.08 47.12 | 4072 | 51.72 | 4936
5 38.08 56.40 | 4232 | 51.68 | 40.16
6 38.08 5456 | 4296 | 5424 | 40.72 |
7 38.08 4784 | 4720 | 5472 | 49.60 i?_l_d‘z
8 38.08 5536 | 43.12 | 5496 | 4432 | T
9 38.08 56.72 | 42.96 | 55.44 | 40.88 %
10 38.08 48.96 | 46.96 | 4832 | 40.48 I ?g
1 38.08 56.56 | 43.68 | 55.12 | 43.44 | _1—_:3%
12 38.08 53.60 | 43.36 | 55.60 | 43.92 | :1;‘
13 38.08 5120 | 46.08 | 49.44 | 40.00 | f_f:llg
14 38.08 56.08 | 42.08 | 55.76 | 44.00 | ggg
15 38.08 5520 | 42.64 | 55.84 | 42.96 122 23
16 38.08 49.12 | 45.04 | 45.68 | 40.08 L2524
17 38.08 57.04 | 4352 | 55.04 | 44.16 |
18 38.08 5552 | 43.84 | 56.00 | 44.00
19 38.08 5328 | 47.76 | 47.68 | 40.80
20 38.08 5592 | 4336 | 55.92 | 44.40
21 38.08 56.40 | 4272 | 55.60 | 44.08 v
VINDAIAU

2 38.08 5240 | 47.84 | 51.04 | 41.04
23 38.08 S6.16 | 44.08 | 5632 | 4424
24 38.08 5520 | 42.96 | 55.84 | 44.00
25 38.08 5224 | 43.04 | 4920 | 42.16
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ANVVFVTE (um) AN
o % d Y [
'g HadNIINAgaal "U’Jﬂ’t]l.ll!ﬁ\‘iﬂu
= | nounaaey | @ | A | @ | @ | @ | @I
1 2 3 4 5 6
1 0.22 076 | 087 | 090 | 087 | 132 | 1.66
2 0.22 035 | 035 | 031 | 030 | 036 | 0.74 |
3 0.22 033 | 039 | 032 | 031 | 040 | 037 .
1
4 0.22 060 | 076 | 073 | 034 | 1.18 | 1.64 I:‘)DZ
3
5 0.22 038 | 038 | 030 | 038 | 037 | 0.39 I 4 .
6 0.22 022 | 032 | 036 | 037 | 036 | 036 | =6
- |7
7 0.22 040 | 054 | 071 | 030 | 093 | 1.39 | _8
8 0.22 036 | 038 | 037 | 030 | 048 | 045 | |Lo 9
. 11
9 0.22 034 | 036 | 033 | 031 | 031 | 042 | —_—='12
13
10 0.22 033 | 039 | 059 | 035 | 1.14 | 1.01 - 14
| —S
11 0.22 039 | 038 | 037 | 035 | 054 | 037 - b6 15
12 0.22 035 | 038 | 039 | 031 | 035 | 035 I_g—_:]'?
; 18
13 0.22 035 | 039 | 043 | 041 | 1.10 | 1.19 = 19
14 0.22 035 | 038 | 035 | 034 | 063 | 034 |
15 0.22 035 | 032 | 038 | 037 | 057 | 039 .
16 0.22 055 | 040 | 049 | 048 | 0.69 | 092
17 0.22 035 | 030 | 030 | 034 | 054 | 041
18 0.22 032 | 037 | 036 | 039 | 035 | 043
19 0.22 082 | 078 | 0.78 | 0.81 | 1.40 | 1.55 VINDAIAY
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AAULT (Shore A) RIIRIN
AWHUS | NAIMINAADY i Ylouusiau
MOUMSNATOY — < T -3 T -3 | -3
AINT | 9 IN2 | AIN3 | aIN4
1 0.22 1.60 | 129 | 1.63 | 131
2 0.22 068 | 056 | 045 | 045
3 0.22 062 | 051 | 043 | 0.5 |
4 0.22 117 | 124 | 151 | 121
B
5 0.22 065 | 049 | 046 | 0.48 | 3
6 0.22 0.66 | 040 | 046 | 0.51 - [ 5
| —
7 0.22 146 | 124 | 129 | 1.18 - |7 6
8 0.22 0.68 | 047 | 042 | 0.64 I —
. 9
9 0.22 055 | 049 | 039 | 048 | [10 1
)
10 0.22 156 | 118 | 141 | 114 | 13 12
11 0.22 053 | 033 | 050 | 0.58 | 14
15
12 0.22 0.56 | 046 | 048 | 047 | 16
17
13 0.22 119 | 133 | 127 | 134 . F
I_ 19 18
14 0.22 047 | 039 | 052 | 0.54 !
15 0.22 047 | 033 | 043 | 0.54 |
16 0.22 142 | 131 | 136 | 135
17 0.22 052 | 042 | 052 | 053
18 0.22 056 | 052 | 051 | 055
19 0.22 1.66 | 136 | 175 | 1.94 VIN0AIAY
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ANVVFVTE (um) AN
AW , NAIMINAADY i Ylouusiau
NOUMINATOL — —
AN 1 fAIN 2
1 0.26 1.43 1.56
2 0.26 0.61 0.59
3 0.26 0.51 0.45 |
4 0.26 1.34 0.94 .
D1
5 0.26 0.65 0.55 .
3
6 0.26 0.75 0.58 I 4 5
| —
7 0.26 1.54 0.91 6
.
8 0.26 0.48 0.52 | _8
9 0.26 0.48 0.74 | [0 9
. 11
10 0.26 0.85 0.82 | —_—=1'2
13
11 0.26 0.61 0.65 . 14
I 15
12 0.26 0.58 0.56 - be
13 0.26 0.77 0.70 I 17
1918
14 0.26 0.64 0.41 I
15 0.26 0.45 0.41 |
16 0.26 0.97 0.76 "
17 0.26 0.59 0.44
18 0.26 0.45 0.76
19 0.26 1.54 1.04 e RRGH
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ANVVFVTE (um) AN
AWNUS | 1 Ylouusiau
MUMINATOY — T -5 T -5 T -3
AN 1 AIMN2 | §1IN3 AN 4
1 0.28 064 | 090 | 152 | 097
2 0.28 068 | 146 | 1.14 | 1.17 iilounsaau
3 0.28 099 | 179 | 112 | 1.00
4 0.28 134 | 120 | 054 | 099
5 0.28 069 | 078 | 124 | 127
6 0.28 054 | 064 | 136 | 071 |
7 0.28 1.64 | 150 | 059 | 054 :
L 2
8 0.28 046 | 054 | 185 | 1.8 | 7 g
9 0.28 0.50 | 056 | 125 | 179 : ?6
8
10 0.28 105 | 138 | 087 | 1.29 I 039
110 17
11 0.28 077 | 051 | 1.03 | 1.73 | _1—_312
12 0.28 040 | 052 | 1.03 | 148 | :1;‘
- |16
13 0.28 0.51 1.76 | 0.72 | 091 | __:17
18
14 0.28 048 | 063 | 181 | 1.84 -[19 50
| 521
15 0.28 091 | 054 | 158 | 1.64 : 23
16 0.28 039 | 044 | 060 | 0.65 L2524
17 0.28 099 | 077 | 122 | 094 |
18 0.28 106 | 036 | 1.67 | 240
19 0.28 0.67 | 041 | 062 | 047
20 0.28 071 | 044 | 1.01 | 1.90
21 0.28 079 | 090 | 157 | 135 s . .
VINDAIAU
2 0.28 058 | 066 | 0.62 | 0.53
23 0.28 127 | 072 | 208 | 208
24 0.28 178 | 1.08 | 137 | 187
25 0.28 085 | 1.62 | 1.81 | 1.99
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Si - CH, Nanad (%) AU
o o 9 Y [
'g HOANITNATDU mﬂauuimu
= | nounaaey | @ | @ | @I | @I | @ | @
1 2 3 4 5 6
1 100 4594 | 44.53 | 45.07 | 60.15 | 50.44 | 46.22
2 100 1521 | 16.88 | 18.18 | 14.45 | 22.24 | 19.37 |
3 100 13.76 | 11.23 | 13.86 | 16.03 | 20.93 | 13.89 .
1
4 100 35.60 | 57.69 | 36.89 | 36.74 | 40.96 | 58.94 |:|)=2
3
5 100 13.86 | 22.39 | 20.19 | 20.13 | 21.00 | 24.67 I 4 .
6 100 1033 | 869 | 11.96 | 589 | 17.76 | 11.36 | =6
- |7
7 100 53.40 | 72.62 | 23.08 | 41.92 | 57.26 | 73.49 | _8
8 100 732 | 890 | 979 | 625 | 15.02 | 11.62 | o 9
. 11
9 100 8.50 | 10.52 | 16.31 | 13.05 | 16.09 | 15.63 —
| 13 12
10 100 25.80 | 46.53 | 36.82 | 65.34 | 32.02 | 48.14 - 14
| —
11 100 19.04 | 15.58 | 22.30 | 13.13 | 25.75 | 18.10 - ke 15
12 100 1043 | 855 | 851 | 938 | 1791 | 11.28 I 17
19 18
13 100 17.59 | 77.20 | 21.10 | 37.04 | 24.44 | 77.86 =
14 100 932 | 995 | 1327 | 2.14 | 1691 | 2.63 |
15 100 652 | 9.94 | 1720 | 3.70 | 1431 | 2.58 .
16 100 2458 | 49.50 | 23.57 | 34.00 | 30.89 | 51.04
17 100 1412 | 2.60 | 1472 | 045 | 21.26 | 544
18 100 1952 | 5.97 | 26.85 | 1.66 | 2620 | 8.77
19 100 25.67 | 87.26 | 28.06 | 72.24 | 31.87 | 73.13 VINDAIAY
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Si - CH, Nanad (%) AW
AWHUS | NAIMINAADY i Ylouusiau
AOUASNANOY — 5 T -3 T -3 [ o3
Al | g2 | @3 | a4
1 100 33.92 | 65.40 | 49.06 | 5521
2 100 20.72 | 2457 | 28.58 | 36.57
3 100 19.09 | 25.08 | 26.89 | 39.33 I
4 100 48.87 | 56.68 | 60.15 | 53.72 1
I:g 2
5 100 18.83 | 33.84 | 24.83 | 37.26 I 3
6 100 22.08 | 30.73 | 29.34 | 29.18 |4 5
| —¢
7 100 54.18 | 47.46 | 33.60 | 62.27 |7 6
8 100 22.32 | 32.10 | 17.85 | 32.29 I —
. 9
9 100 22.15 | 37.79 | 19.07 | 27.25 | [10 1
—
10 100 40.56 41.76 | 58.27 | 69.58 I 13 12
11 100 17.21 | 36.76 | 27.18 | 25.40 | 14
15
12 100 22.54 | 31.76 | 28.99 | 34.94 I 16
17
13 100 28.32 | 44.80 | 55.02 | 57.91 .
I_ 1918
14 100 18.04 | 2636 | 34.56 | 34.83 :
15 100 12.84 | 27.00 | 34.70 | 28.32 |
16 100 37.56 | 32.78 | 61.93 | 40.35
17 100 2197 | 25.88 | 37.53 | 20.32
18 100 22.79 | 23.19 | 35.79 | 20.60
19 100 83.50 | 70.25 | 8491 | 81.14 TINDAIAY
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Si - CH, Nanad (%) AU
AW , NAIMINAADY i Ylouusiau
NOUMINATOY — —
AN 1 fAIN 2
1 100 79.66 66.50
2 100 28.51 26.01
3 100 21.74 26.00 |
4 100 87.48 71.50 .
D1
5 100 24.13 28.77 .
3
6 100 18.64 34.77 I 4 5
| —
7 100 58.17 73.59 6
.
8 100 27.65 28.47 | __8
9 100 12.36 2411 | [0 9
. 11
10 100 66.86 38.95 —
| [5 12
13
11 100 29.41 22.09 - 14
| —
12 100 24.67 26.07 - b6 15
13 100 40.90 59.90 I 17
; 18
14 100 20.88 3222 I 19
15 100 23.50 23.17 |
16 100 34.24 35.02 "
17 100 23.79 32.26
18 100 32.32 31.83
19 100 65.16 80.24 VINDAIAY
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M5anaeUea Si - CH,lue1ada Iaudmisugndlenuiunedmwesszuy 36 kv

Si - CH, flanad (%) AU
funue | ilouusasiu
AOUMINATOY T -3 T -3 T o3
Ml | g2 | a3 | @4
1 100 10.91 36.09 | 50.99 5.43
2 100 11.05 4.38 2.77 4.82 %’lj{lau“'i\jﬁu
3 100 8.78 6.89 3.36 22.98
4 100 64.78 | 83.70 | 38.55 | 21.92
5 100 11.99 2.87 3.64 9.87
6 100 10.56 3.78 20.91 7.58
7 100 51.63 89.57 | 93.39 | 59.29
8 100 7.06 4.19 14.13 8.63
9 100 7.64 5.91 10.94 11.25
10 100 80.20 | 87.66 | 93.88 | 69.96
11 100 10.76 7.84 8.29 11.87
12 100 5.42 1.80 8.83 27.02
13 100 16.79 | 90.44 | 97.03 | 59.22
14 100 5.85 6.90 6.25 2.87
15 100 10.68 3.53 2.39 1.40
16 100 16.50 | 33.80 | 97.93 | 79.29
17 100 7.77 7.61 7.75 7.78 I
18 100 8.86 14.28 7.95 10.38
19 100 18.93 14.55 | 88.21 15.71
20 100 8.98 11.19 7.20 14.17
21 100 7.14 2.69 1.89 12.92 g, -
VIO AIAU

22 100 16.76 | 53.19 | 48.07 5.53
23 100 13.67 18.31 6.39 14.11
24 100 6.16 2.61 3.53 24.51
25 100 16.68 | 50.82 | 48.52 | 63.45
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Si- 0 Nanad (%) AU
o o 9 Y [
'g HOANITNATDU mﬂauuimu
= | nounaaey | @ | @ | @I | @I | @ | @
1 2 3 4 5 6
1 100 13.87 | 22.41 | 7.00 | 49.12 | 21.02 | 24.74
2 100 14.10 | 15.40 | 17.37 | 8.79 | 21.23 | 14.02 |
3 100 1271 | 938 | 1.87 | 13.79 | 19.96 | 12.09 .
1
4 100 745 | 28.66 | 1426 | 9.69 | 15.13 | 30.75 |:|)=2
3
5 100 1025 | 15.75 | 14.51 | 13.30 | 17.70 | 18.21 I 4 :
6 100 562 | 545 | 18.14 | 491 | 1343 | 820 | =6
- |7
7 100 2468 | 34.80 | 6.55 | 11.68 | 30.91 | 36.77 | _8
8 100 639 | 835 | 14.15 | 5.68 | 14.17 | 11.09 | o 9
. 11
9 100 925 | 863 | 8.14 | 1122 | 16.78 | 13.85 —
| 13 12
10 100 4.69 | 17.26 | 16.40 | 29.83 | 12.63 | 19.72 - 14
| —
11 100 13.07 | 12.88 | 13.63 | 821 | 2027 | 15.48 - ke 15
12 100 8.02 | 844 | 17.67 | 838 | 1570 | 11.17 I 17
19 18
13 100 893 | 4080 | 725 | 6.93 | 16.50 | 42.53 =
14 100 024 | 066 | 517 | 277 | 857 | 3.60 |
15 100 378 | 069 | 9.63 | 356 | 11.80 | 3.60 .
16 100 633 | 1633 | 7.71 | 972 | 14.14 | 18.84
17 100 841 | 2.82 | 12.89 | 1.14 | 16.01 | 5.64
18 100 1423 | 6.04 | 1026 | 125 | 2135 | 8.84
19 100 459 | 72.44 | 14.83 | 57.89 | 12.53 | 59.20 VIM0AIAU
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Si - CH, Nanad (%) AW
AWHUS | NAIMINAADY i Ylouusiau
NOUMINATOY — — —
A1 | a2 | a3 | a4
1 100 13.68 | 41.79 | 29.66 | 35.38
2 100 1039 | 18.97 | 19.87 | 30.90
3 100 13.52 | 21.12 21.88 32.95 I
4 100 19.76 31.28 34.90 31.09 1
I:g 2
5 100 13.63 26.72 20.95 34.10 I 3
6 100 17.93 | 27.02 | 19.42 | 25.78 |4 5
| —
7 100 2744 | 2972 | 19.69 | 38.64 - |7 6
8 100 17.57 | 27.70 | 15.86 | 27.55 I —
. 9
9 100 2032 | 35.59 | 15.88 | 24.99 | [10 1
i
10 100 17.00 28.78 37.08 51.14 I 13 12
11 100 13.68 | 3449 | 19.73 | 25.00 | 14
15
12 100 16.77 | 3135 | 27.10 | 33.33 | 16
17
13 100 15.49 | 36.65 | 36.57 | 43.50 . F
I_ 1918
14 100 11.51 | 21.73 | 30.63 | 28.94 '
15 100 1041 | 2230 | 32.76 | 25.19 |
16 100 21.68 | 20.52 | 43.37 | 26.81
17 100 1594 | 22.13 35.25 18.43
18 100 15.75 19.61 32.05 20.03
19 100 67.65 | 36.73 | 81.68 | 64.30 VIN0AIAY
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Si- 0 Nanas (%) AU
AW , NAIMINAADY i Ylouusiau
NOUMINATOY — —
AN 1 fAIN 2
1 100 40.00 24.14
2 100 12.51 16.20
3 100 12.51 15.64 |
4 100 11.91 34.19 .
D1
5 100 15.65 16.64 .
3
6 100 11.42 19.27 I 4 5
| —
7 100 19.27 3521 6
.
8 100 6.02 19.81 | __8
9 100 9.38 17.58 | [0 9
. 11
10 100 33.50 18.83 —
| 13 12
11 100 12.39 14.11 . 14
| —
12 100 11.94 20.63 - b6 15
13 100 14.83 14.35 I 17
19 18
14 100 13.14 12.32 I
15 100 11.29 18.16 |
16 100 11.13 19.04 "
17 100 13.45 15.35
18 100 12.35 17.05
19 100 25.06 50.93 VINDAIAY
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M5anasuel Si-0 lueda laudmsugndlenuiunedmwesszuy 36 kv

Si - 0 fianad (%) AU
AWNUS | Hilounsady
NOUNMSNATOY — 5 T o3 T o3 T o3
AIMNT | 9aIN2 | AIN3 | aIN4
1 100 1025 | 19.34 | 22.89 | 8.15
2 100 13.74 | 347 | 149 | 2091 tlounsadi
3 100 348 | 638 | 497 | 534
4 100 4126 | 72.14 | 738 | 9.09
5 100 17.74 | 455 | 3.09 | 888
6 100 1139 | 2.83 | 1461 | 225 |
7 100 3037 | 86.17 | 82.86 | 22.37 i:gz
8 100 11.62 | 271 | 11.17 | 3.71 | 7 g
9 100 1359 | 11.34 | 8.73 | 3.36 : ?6
10 100 61.10 | 83.16 | 82.70 | 38.81 | ?g
11
11 100 16.98 | 11.52 | 6.85 | 4.30 | _1—_3:}‘21
12 100 9.34 5.62 5.19 5.58 | %15
13 100 13.44 | 84.99 | 86.35 | 28.87 | __:112
14 100 928 | 826 | 4.08 | 4.8 | ggg
15 100 1637 | 1.64 | 391 | 130 122 23
16 100 1243 | 11.67 | 86.51 | 40.21 L2524
17 100 1433 | 527 | 3.99 | 434 |
18 100 12.68 | 19.85 | 493 | 4.74
19 100 1026 | 7.36 | 87.32 | 5.01
20 100 11.14 | 937 | 070 | 5.46
21 100 13.84 | 7.60 | 026 | 5.96 v, A
VINDANAU
22 100 14.09 | 19.07 | 1333 | 2.12
23 100 13.67 | 460 | 892 | 9.15
24 100 10.67 | 887 | 2.74 | 5.75
25 100 10.10 | 33.55 | 14.96 | 29.24
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Si-CH,/Si-O AWMU
o o 9 Y [
'g HOANITNATDU mﬂauumu
= | nounaaey | @ | @ | @I | @I | @ | @
1 2 3 4 5 6
1 100 62.77 | 71.49 | 59.06 | 7831 | 62.75 | 71.46
2 100 98.71 | 98.25 | 99.02 | 93.78 | 98.71 | 93.78 |
3 100 98.79 | 97.96 | 97.74 | 97.39 | 98.78 | 97.95 .
1
4 100 69.58 | 59.30 | 73.60 | 70.05 | 69.56 | 59.29 I:g
3
5 100 95.97 | 92.11 | 93.35 | 92.11 | 95.98 | 92.10 I 4 c
6 100 95.00 | 96.56 | 97.40 | 98.96 | 95.00 | 96.56 | =6
- |7
7 100 61.87 | 41.98 | 8231 | 65.76 | 61.85 | 41.92 | _8
8 100 99.01 | 99.39 | 94.64 | 99.39 | 99.00 | 99.39 | o 9
. 11
9 100 9421 | 97.93 | 91.10 | 97.93 | 98.92 | 97.93 | -_—='12
13
10 100 77.84 | 64.62 | 75.57 | 49.40 | 77.82 | 64.60 . 14
| —
11 100 93.13 | 96.89 | 89.95 | 94.63 | 93.12 | 96.90 - b6 15
12 100 97.38 | 99.87 | 99.85 | 98.91 | 97.37 | 99.86 I 17
19 18
13 100 90.48 | 38.52 | 85.06 | 67.65 | 90.48 | 38.51 =
14 100 90.88 | 90.64 | 91.44 | 93.61 | 90.87 | 94.39 |
15 100 97.15 | 90.68 | 91.62 | 99.85 | 97.15 | 98.65 .
16 100 80.51 | 60.35 | 82.81 | 73.09 | 80.49 | 60.31
17 100 93.76 | 99.03 | 97.89 | 98.19 | 93.75 | 95.96
18 100 93.82 | 97.44 | 81.50 | 99.59 | 93.82 | 89.72
19 100 77.89 | 46.22 | 84.46 | 65.93 | 77.88 | 65.86 VINDAIAY
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Si-CH,/Si-O AU
AWHUS | NAIMINAADY i Ylouusiau
NOUMINATOY — - — —
AN | AN2 | AIN3 | AN4
1 100 76.54 | 59.44 | 7241 | 69.31
2 100 88.46 | 93.08 | 89.13 | 91.79
3 100 93.56 | 94.98 | 93.58 | 90.48 |
4 100 63.72 | 63.03 | 6121 | 67.16 1
I:g 2
5 100 93.98 | 9028 | 95.09 | 9521 | 3
6 100 94,93 | 9491 | 87.68 | 95.40 |4 5
| —¢
7 100 63.15 | 74.76 | 82.67 | 61.48 |7 6
8 100 9423 | 93.92 | 97.63 | 93.45 I —
. 9
9 100 97.69 | 96.58 | 9621 | 96.98 | [10 1
i —
10 100 71.61 | 81.77 | 66.32 | 62.26 | 13 12
11 100 95.90 | 96.85 | 90.72 | 99.47 | 14
15
12 100 93.05 | 99.40 | 97.40 | 97.58 | 16
17
13 100 84.81 | 87.13 | 70.90 | 74.50 : F
I_ 19 18
14 100 92.62 | 94.07 | 9433 | 91.71 _
15 100 97.28 | 93.94 | 97.11 | 95.82 |
16 100 97.71 | 84.57 | 67.22 | 81.49
17 100 92.83 | 95.18 | 96.47 | 97.68
18 100 91.64 | 95.54 | 94.48 | 99.29
19 100 51.01 | 47.02 | 8237 | 52.82 VIN0aIAY
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Si-CH,/Si-O AU
AW , NAIMINAADY i Ylouusiau
nNoUNMINATY — —
AN 1 fAIN 2
1 100 34.63 45.11
2 100 82.46 90.19
3 100 91.37 89.60 |
4 100 14.52 44.24 .
D1
5 100 91.88 87.28 .
3
6 100 93.82 82.53 I 4 5
| —
7 100 52.93 41.64 6
.
8 100 78.64 91.11 | L_8
9 100 98.79 94.05 | [0 9
. 11
10 100 50.90 76.83 | —_—=1'2
13
11 100 82.30 92.65 . 14
| —
12 100 87.38 95.14 - be 15
13 100 70.88 54.14 I 17
19 18
14 100 93.04 78.96 I
15 100 88.09 95.98 |
16 100 75.58 81.98 "
17 100 89.94 81.71
18 100 78.87 83.94
19 100 47.49 41.13 VINDAIAY
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Si-CH,/Si-O AU
AWNUS | Hiounsady
NOUMINATOY 3 - - —

AN | AN2 | N3 | AN4
1 100 9237 | 73.79 | 59.15 | 95.81
2 100 95.96 | 92.18 | 91.85 | 91.23 P¥lounsadu
3 100 98.40 | 98.70 | 94.63 | 75.72
4 100 5579 | 54.44 | 61.74 | 79.93
5 100 99.56 | 94.69 | 92.53 | 92.05
6 100 93.92 | 96.46 | 86.19 | 87.98
7 100 64.65 | 51.86 | 35.72 | 48.80
8 100 97.85 | 91.64 | 89.96 | 8831
9 100 99.46 | 98.75 | 90.81 | 85.46
10 100 4737 | 46.72 | 3290 | 45.68
11 100 83.03 | 96.93 | 91.62 | 85.70
12 100 97.08 | 96.83 | 89.49 | 71.93
13 100 89.46 | 51.68 | 20.28 | 36.87
14 100 96.58 | 94.43 | 90.96 | 88.95
15 100 99.39 | 91.28 | 94.53 | 92.97
16 100 88.73 | 96.74 | 1429 | 32.24
17 100 90.20 | 90.76 | 89.42 | 89.71 |
18 100 97.13 | 99.53 | 91.10 | 87.55
19 100 87.05 | 85.83 | 83.88 | 82.57
20 100 9533 | 91.18 | 86.97 | 84.46
21 100 98.10 | 98.00 | 91.53 | 86.17 A

VINDANAU

22 100 90.17 | 53.82 | 55.76 | 89.82
23 100 93.05 | 79.68 | 95.64 | 87.98
24 100 97.76 | 99.44 | 9231 | 72.56
25 100 86.24 | 59.87 | 5634 | 48.07
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Annex A
(normative)

Wheel test

A.1 Test specimens

Two test insulators of identical design with a creepage distance between 500 mm and 800 mm
shall be taken from the production line. If such insulators cannot be taken from the production
line, special test specimens shall be made from other insulators so that the creepage distance
falls between the given values. These special test specimens shall be fitted with standard
production end fittings.

Up to two pairs of test specimens can be tested simultaneously on one wheel. It is
recommended not to mix widely differing materials on the same wheel.

A.2 Procedure

The test specimens shall be cleaned with de-ionized water before starting the test. The test
specimens are mounted on the wheel as shown in Figure A.1 below. They go through four
positions in one cycle. Each test specimen remains stationary for about 40 s in each of the
four positions. The 90° rotation from one position to the next takes about 8 s. In the first part
of the cycle the insulator is dipped into a saline solution. The second part of the test cycle
permits the excess saline solution to drip off the specimen ensuring that the light wetting of
the surface gives rise to sparking across dry bands that will form during the third part of the
cycle. In that part the specimen is submitted to a power frequency voltage. In the last part of
the cycle the surface of the specimen that had been heated by the dry band sparking is
allowed to cool.

The test voltage is supplied by a test transformer. When loaded with a resistive current of
250 mA on the high voltage side the test circuit shall exhibit a maximum drop of 5 % in its
output voltage.

The salt solution shall be replaced weekly. Weekly interruptions of the test for inspection
purposes, each of these not exceeding 1 h are permissible. Interruption periods will not be
counted in the test duration. One longer interruption up to 60 h is allowed. An additional
testing time of three times the duration of the interruption period shall be added. The final test
report shall include details of all interruptions.

A.3 Test conditions

Electrical stress: The power frequency test voltage in kV is determined by
dividing the actual creepage distance in millimetres by
28,6.

NaCl content of de-ionized water: 1,40 kg/m? + 0,06 kg/m?

Ambient temperature: 20°C 5K

Test duration: 30 000 cycles

A.4 Acceptance criteria

The test specimens of identical design shall be assessed together. Pairs of test specimens of
different design shall be assessed separately. The numbers of flashovers and trip-outs shall
be recorded and noted in the test report.
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The test is regarded as passed, if on both test specimens:

no tracking occurs, (2 megohmmeter shall be applied along any suspect path, using 1 kV
DC or higher. The probes shall be between 5 mm to 10 mm apart. A resistance of less

than 2 MQ shall constitute failure);

for composite insulators: erosion depth is less than 3 mm and does not reach the core, if
applicable;

for resin insulators: erosion depth is less than 3 mm;

no shed, housing or interface is punctured.
HV

Rotation in 90° steps

____J K_ﬁ. Suspension type insulator
Energized
period Grounded insulator
support wheel
Cooling

Salt water E

+—— Dip period

fEC 1860705

Figure A.1 — Test arrangement of the tracking wheel test
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Ageing Deterioration of Silicone Rubber Polymer
Insulator under Salt Water Dip Wheel Test

J. Grasaesom, S. Thong-om, W. Payakcho and B. Marungsri*

Abstract This paper presents the experimental results of
silicone rubber polymer insulators for 22 kV systems under salt
water dip wheel test based on IEC 62217, Straight shed silicone
rubber polymer insulators having leakage distance 685 mm were
tested continuously 30,000 cycles. One test cycle includes 4
positions, energized, de-energized, salt water dip and de-
energized, respectively. For one test cycle, ecach test specimen
remains stationary for about 40 second in each position and takes
8 second for rotate to next position. By visual observation, sever
surface erosion was observed on the trunk near the energized end
of tested specimen. Puncture was observed on the upper shed near
the energized end. In addition, decreasing in hydrophobicity and
increasing in hardness were measured on tested specimen
comparing with new specimen. Furthermore, chemical analysis by
ATR-FTIR was conducted in order to elucidate the chemical
change of tested specimens comparing with new specimen.

Keywords ageing of silicone rubber, salt water dip wheel
test, silicone rubber polymer insulator

I. INTRODUCTION

ECENTLY, silicone rubber polymer insulator has been

widely used in power transmission and distribution on
over the world [1]. Polymer insulators have advantages of
low cost, light weight, high mechanical strength, low surface
tension energy and good electrical strength when comparing
with the conventional type insulators [2]. Typical molecular
structure of silicone rubber is polydimethylsiloxane
(PDMS) which consists of an inorganic backbone of
alternating silicone and oxygen atoms and methyl groups
attached to the silicone rubber [3]. Filler are used to
reinforce the silicone rubber and can improve tensile
strength, modulus, tear strength and abrasion resistance of
the silicone rubber. In addition, coupling agents provide a
chemical bond between the filler and the polymer matrix
which can greatly improve the electrical properties, modulus
and tensile strengths [4].

Due to silicone rubber polymer insulators made from
polymeric materials, the environment conditions are major
problems to ageing for silicone rubber such as salt fog,
humidity, dust, rain and UV etc.[5]. Dry band arcing and
corona discharge due to surface contamination affect
tracking, erosion and loss of hydrophobicity to surface

). Grasaesom, S, Thong-om and W, Payakcho are graduate student in
Suaranarce University of Technology, Nakhon Ratchasima, 30000,
THAILAND.

* B. Marungsn is with Suaranaree University of Technology, Nakhon
Ratchasima, 30000, THAILAND. (Corresponding author, phone: +66
4422 4366; fax: +66 4422 4601; email: bmshveef@sutac.th).

silicone rubber polymer insulator [6], [7].

For study ageing of silicone rubber, many researchers
have been studied the various services problems for
polymer insulators. Tracking wheel test was adopted to use
as the test method for ageing evaluation of silicone rubber
insulator [8]. The measurement system and computer
controls were incorporated with the tracking wheel test [5].

This paper reports salt water dip wheel test results of
silicone rubber polymer insulator for 22 kV distribution
systems.

IL TEST ARRANGEMENTS

A. Specimen

Straight shed polymer insulators made were of HTV
silicone rubber with ATH (Alumina trihydrate) was used in
this experimental. Four pieces of the specimen were tested
together under test conditions based on IEC 62217 [9].
Configuration and dimension of the specimen are illustrated
in Fig. 1.

C 3

285 mm
L —
38 mm 45 mm
= y
G

Leakage
Distance 685 mm

Fig. 1 Specimen.

B. Test Method

Test methods for salt water dip wheel test were based on
IEC 62217 [9]. Test was conducted continuously for 30,000
cycles. One test cycle takes time 192 second and includes 4
test positions, energized, de-energized, salt water dip and
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de-energized, respectively. For each position, test specimen
remains stationary for about 40 second and takes 8 second
for rotate to the next position. Salt water was re-newed
every week and re-newing time must less than 1 hour. Test
arrangement for dip wheel test is shown in Fig. 2 and the
specimen arrangement during test is shown in Fig. 3.

HV Electrode HV cable

Polymer Insulator Bushing

22 kV 30kVA
Single Transformer

Control System

Fig. 2 Test arrangement for dip wheel test.

Fig. 3 Specimen arrangement during dip wheel test.

C. Test Condition

Test conditions were based on 1EC 62217 and condition
were illustrated in Table I. Test voltage was generated from
22 kV, 30 kVA distribution transformer.

TABLEI
TEST CONDITION

Voltage stress
NaCl content of de-ionized water
Test duration {1 cycle = 192 second)

35 Vimm (AC voltage)
1.4 kg/m’ + 0.06 kg/m®
30,000 cycles

III. EXPERIMENTAL RESULT AND DISCUSSION

The insulators were tested continuously for 30,000
cycles. Then, tested specimens were analyzed by physical
and chemical methods such as visual observation, loss of

212

hydrophobicity, surface contamination degree, hardness
measurement and ATR-FTIR in order to evaluate degree of
surface erosion.

A. Visual observation

Visual observation was conducted in order to inspect any
ageing on the surface of tested specimen. During the test,
dry band arc and corona discharge occurred and were
obviously observed on the trunk surface during energized
position. Visible discharge activities during test are shown
in Fig. 4.

As illustrated in Fig. 4 (a), yellow color of light for dry
band arcing was observed. The evaporating of water caused
dry band arcing on the surface of the polymer insulators.
Occurring of such arcing caused tracking on the surface
[10]-[12]. Corona discharge was also observed on under
surface of shed. Occurring of corona discharges may be
generated by high electric field stress on the tip of water
droplet.

Dry band arcing

,—"

I
Corona discharge

: |

(a) Dry band arcing (b) Corona discharge
Fig. 4 Visible discharge activities during dip wheel test.

After 30,000 test cycles, significant changing on the
specimen surface was observed on tested specimen. Many
types of surface ageing, such as erosion and tracking etc.,
were observed.

As show in Fig. 5 (a) and Fig. 5 (b), dirt was observed on
both shed and trunk surfaces of tested specimens.

As shown in Fig. 5 (c) and Fig. 5 (d), severe surface
tracking was observed on parting line of trunk surface near
both energized and ground ends. The occurring of surface
tracking on such portion may caused by high electric field
stress.

As shown in Fig. 5 (e), surface tracking, also, was
observed on parting line of shed surface near energized end
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i B
Adter contaminant re

(c) Tracking on trunk parting line.

(e) Tracking on shed parting line.

(f) Shed puncture.

Fig. 5 Surface damage of tested specimens.

comparing with other shed surface portion. This occurring
may caused by higher electric field stress.

Surface tracking along parting line in high electric field
stress portion may caused by remaining water droplet during
high voltage energized

As shown in Fig. 5 (f), punched of shed near energized
end was observed. The puncture was observed on the
parting line of shed. Occurring of such surface damage may
caused by high power electric discharge [13]. The results
show that imperfect of parting line can caused seriously
surface damage of polymer insulator under contamination
condition.

B. Contamination Degree

Contamination degree is an indicator for contamination
level on the tested insulators. Contamination degree is
determined by measuring the salt deposit density ( SDD )
based on IEC 60507. The formulas for SDD calculation are
as follows.

5,=61 )" (1
_Sa¥
SpD =~ @)

where:

50 is the volume conductivity at temperature of 20°C

(S/m)
S, s salinity (kg/m’)
SDD is the salt deposit density (kg/m’)
v is the volume of the suspension (m3)
A is the area of the cleaned surface (m”) [14].

SDD measurement results are illustrated in Table 1. No
significant different in SDD was obtained.

TABLE
§DD AFTER 30,000 TEST CYCLES

SDD, mg/em”
No. | Ne.2 No. 3 No. 4

0.076 0.044 0.079 0.050
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C. Hydrophobicity

In study, hydrophobicity is evaluated by water spray
method based on STRI guide, as shown in Fig. 6 [15]. In
order to comparisons hydrophobicity of the tested
specimens  with the new specimen, HC level for
hydrophobicity was evaluated, as shown in Fig. 7 and the
results of HC level are shown in Table I11.

After 30,000 test cycles, decreasing in hydrophobicity for
tested specimens was evaluated comparing with the new
specimen. Significant HC level can be seen. HC3 is almost
hydrophobic level for all tested specimens. The loss of
hydrophobicity may be caused by electrical and
environmental stresses during test cycle such as UV
radiation and heat etc. [11].

New Specimen Tested Specimen No. | Tested Specimen No. 2 Tested Specimen No. 3 Tested Specimen No. 4
Fig. 7 Comparisons of hydrophobicity.
TABLE I
HYDROPHOBICITY AFTER 30,000 TEST CYCLES
Specimen Position
Position New No. | No.2 No. 3 o
No. 4
1 HC 1 HC 4 HC 4 HC 3 HC 3 1
2 HC 1 HC 3 HC 3 HC3 HC 3 :
3 HC 1 HC 3 HC 3 HC 2 HC 3 =
4 HC 1 HC 3 HC 3 HC3 HC 3 r1=§
5 HC 1 HC 3 HC 3 HC3 HC2 1|4 5
6 HC | HC 4 HC 2 HC 4 HC 3 e
7 HC I HC3 HC3 HC3 HC3 1 8
8 HC 1 HC 3 HC 3 HC 3 HC 3 : 10 9
9 HC 1 HC 3 HC 3 HC 3 HC 4 1 =u
10 HC 1 HC3 HC 3 HC3 HC 3 1 2
1 HC | HC3 HC3 HC3 HC3 1 =u
12 HC | HC 3 HC 2 HC 4 HC 4 H [
13 li(ﬂ 1 II(‘ 3 II(: 3 HL' 3 II(‘ 3 E’W 18
14 HC 1 HC3 HC 3 HC3 HC 3 H
15 HC | HC3 HC2 HC 4 HC 3 1
16 HC | HC 3 HC 3 HC3 HC 3 i
17 HC | HC3 HC3 HC 3 HC3 p)
18 HC I HC 4 HC2 HC 3 HC3
19 HC | HC 3 HC 3 HC3 HC 3 Ground'end

214
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D. ATR-FTIR Analysis

ATR-FTIR (attenuated total reflection fourier transform
infrared spectroscopy) is chemical analysis for the chemical
bonds inspection. In this study, side chins (Si-CH;) at wave
number 1258 ¢m™' and back bonds (Si-0) at wave number
1010 cm™ were analyzed. The changing in Si-CH; bonds
were damaged by oxidation and crosslinking. The changing
in 8i-O bonds was damaged by scission and hydrolysis.

After 30,000 test cycles, ATR — FTIR analysis was
conducted on 19 positions of specimen surface for chemical
bond inspection. The example of ATR —FTIR spectrum on
position 2 of tested specimen surface is illustrated in Fig. 7.
ATR — FTIR analysis results for all position of all tested
specimens are illustrated in Table III. Significant reduction
in Si-CH; and Si-O bonds of tested specimens was obtained
comparing with new specimen.

—— New specimen
o
=2
E — NU. ]
E — No.2
o
g — No.3
£ i
e —  No.4
C-H in CH; Si-CH,
20 ATH
Si-0
0 L I " " L
4000 3500 3000 2500 2000 1500 1000 500
Wave number, ¢!
Fig. 8 ATR- FTIR spectrum of tested specimen at position 2.
TABLEIII
TRANSMITTANCE AFTER 30,000 TEST CYCLES
- Transmittance of Si-CH; (1258 em™), % Transmittance of Si-O (1010 em™), % Position
g iy HA
g New Specimen e Specimen s
£  Specimen No,! No.2 No.3 No.4 Specimen No.l No.2 Ned O e
Energized end
1 A 6541 3291 2477 i A 2855 597 472 -
2 2161 134 1927 &1l 415 1003 948 4.48 D
3 2162 1245 555 833 415 788 294 3.08 :
4 4851 2312 1965 8138 1995 0.66 354 53.12 1
5 3323 1908 1151 534 425 668 729 178 [
6 5395 942 476 1299 17.82  6.21 3.04 3.99 : 4 ;
7 4338 2168 3422 700 1268 109 734 3392 I .
8 5907 130 1139 856 2709 7.1 8.37 234 I 7
9 7601 1394 588 1937 51.08 825 421 579 I 10 9
w £ 1281 2436 1522 6857 S 274 051 938 339 ! 1]
1 1081 1393 1424 6.88 786 997 928 4.06 1|13 ‘42
12 62,19 1772 3113 1142 1775 57 5.93 7.96 I =J"t5
13 2691 1921 117 7761 694 113 341 5381 1 i g
14 536 13.1 11.33 5.93 4.09 6.6 9.49 2.06 18
I5 6094 1365 1661 2635 18.2 T4 9.6 2.51
16 7629 1469 847  69.93 409 033 213 3835
17 576 1L67 2333 0.62 383 8.03 5.51 304
18 Y 1099 138 1504 87 \J 253 73 93 49 4
19 7629 7046 8033 - 494 4687 6257 - et

215
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E. Hardness Measurement Results

After 30,000 test cycles dip wheel test, hardness was
measured on tested specimen surface comparing with new
specimen surface. Measurement method is based on the 1ISO
868-Shore hardness [16]. Increasing in hardness indicate
that oxidation crosslink of polydimethylsiloxane was
occurred. Increasing in hardness was obtained from the
measurement results, as show in Fig. 9. Increasing of
hardness confirmed the chemical reaction in silicone rubber.

IV. CONCLUSION

Silicone rubber polymer insulators were tested under salt
water dip wheel test and were subjected to electric field at
ac 35 V/mm for 30,000 test cycles. Surface tracking and
shed puncture were observed on the specimen surface after
30,000 test cycles. Dry band arc discharge and corona
discharge caused surface damaging of the tested specimen.
In addition, decreasing of hydrophobicity was measured on
tested specimen surface when comparing with the new
specimen. UV and heat from the dry band arc discharges

—
LV I - T B - - TN - I — ]
o o
T

—_— k2 W
o= =~ — T — O — I — B~

Shore ‘s hardness scale

4 5 6 7 8§ 9 10 11

Position

12

13

B New specimen
B No.1
B No.2
] Ne.3
B No.4

14 15 16 17 18 19

Fig. 9 Hardness of specimen surface after 30,000 test cycles.

and corona discharges caused loss of hydrophobicity. SDD
of tested specimens in range 0.4-0.7 mg/em® was measured.
The pollutions caused dirt on the specimen surface.

ATR-FTIR analysis results showed the chemical change
of side chain (Si-CH;) and backbone (Si-0). The
observation results were confirmed by chemical analysis
results. Furthermore, hardness measurement results show
that the tested specimen harder than the new specimen.
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Comparison of Agemg Deterioration of Silicone
Rubber Outdoor Polymer Insulator under
Salt Water Dip Wheel Test

I. Grasaesom, S. Thong-om, W. Payakcho, & Oonsivilal and B. Marungsn

Abstract—This paper presents the experimental results on
ageing detenoration of silicone rubber outdoor polymer insulator
under salt water dip wheel test based on IEC 62217, In order to
comparison effect of chemical contents, silicone rubber outdoor
polymer insulators having same configuration and lealage distant
from two manufactures were tested together continuously 30,000 test
cycles. Many discharge activities were observed in during the test.
After 30,000 test cycles, in spite of same configuration, differences in
degree of surface aging were observed. Physical analysis such as
decreasing 1n  hydrophobicity and increasing in hardness
measurement were measured on two-type tested specimen surface
order to confirm degree of surface ageing Furthermore, chemical
analysis by ATR-FTIR to diagnose the chemical change of tested
specimen surface was conducted to confirm the physical analysis
results.

Keywords—ageing of silicone rubber, salt water dip wheel test,
silicone rubber polymer insulator

I INTRODUCTION

ILICONE rubber or polydimethylsilozane (PDIMS) has

been widely used to produced housing material for
mnsulators 1n high voltage outdoor insulation system. Silicone
rubbers have advantages of low cost, light weight, high
mechanical strength, low surface tension energy and good
electrical strength companng with porcelain and glass
msulators. Due to silicone rubber or PDMS having organic
nature, environmental conditions are important factor for
structural changing in PDMS matenial. In addition, electrical
stress 15 mainly caused discharge activities to polymer
mnsulator surface such as dry band arc and corona discharge
etc. Besulting, polymer insulater surface was damaged by
environmental and electnical conditions. Physical change (such
as tracking) and change (such as
hydrophobicity) were affected to ageing on polymer insulator
surface [1-5].

Yu et al. [6] studied about the properties of tracking wheel
test method under DC voltages such as positive DC voltage
and negative DC voltage. The result of tested under DC

chemical loss of

] Grasaesom, 5. Thongom and W Payskcho are graduste student in
Suaranaree University of Technology, N akhon Ratchasma, 30000, Thaland
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voltage compared with the result of tested under AC voltage

Muncivi et al. [7] used the software and hardware computer
control were studied the tracking of the silicone rubber
polymer 1nsulators, The testing of silicone rubber polymer
insulators were tested 181 cycles base on BS EN 62217:2006

This paper reports the expenimental study on ageing
deterioration of silicone rubber outdoor polymer insulator for
22 kV distnibution systems under salt water dip wheel test.

II TEST ARRANGEMENTS

A. Specimen

Straight shed polymer msulators made of HTV silicone
rubber with ATH (Alumina trihydrate) were used m this
experimental. This type of polymer insulator 15 used for 22 kV
distribution systems However, amounts of chemical contents
of housing matenal are different due to different manufactures.
All specimens having same configuration and dimension were
tested together under test conditions based on IEC 62217 [8].
Configuration and dimension of the specimen are illustrated in

Fig 1

Leakage Distance 681 mm

(a) Type-A () Type-B

Fig. 1 Specimen

(c) Dimension

B. Test Method

Test methods for salt water dip wheel test were based on
IEC 62217 [9]. Cyclic test was conducted contnuously for
30,000 cycles. One test cycle takes 192 second and includes 4
test positions, energized, de-energized, salt water dip and de-
energized, respectively. At each position, specimen remains
stationary for 40 second and takes 8 second for rotate to the
next position. Salt water was re-newed every week with re-
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newing time less than 1 hour. Test arrangement for dip wheel
test 1s shown in Fig. 2

2 and the specimen arrangement dunng
test1s shown in Fig. 3.

HV Electrode cable

T

Palymer Insulator

(Bpecimen) \
J e

C ontrol System
Fig. 2 Test arrangement for salt water dip wheel test

Fig 3 Specimen arrangement during salt water dip wheel test

C. Test Condition

Test was conducted based on test conditions in IEC 62217,
as 1llustrated in Table I Test voltage was generated from 22
kV, 30 kVA single phase transformer.

TABLE
TEST C ONDITIONS

Voltage stress
NaCl content of de-ionized water
Test duration (1 cycle = 192 second)

35 V/mm (AC valtage)
1.4 kg/m® 006 kgim’
30,000 cycles

III. EXPERIMENTAL RESULTS AND DISCUSSIONS

Degree of physical damaged was inspected by wvisual
observation, of  hydrophobicity,
contamination degree and hardness after 30,000 test cycles In
addition, any chemical changing of specimen surface was
analyzed by using ATE-FTIE. The chemical analysis results
were used to confirm the physical changing.

reduction surface

A. Visual observation

Durnng test, visual observation was used to observe the
physical changing of silicone rubber polymer insulators
surface. Many discharge activities were observed duning the
test, dry band arc and corona discharge were often observed on
the trunk surface.

As shown 1n Fig. 4, visible discharge activities during the
test were often observed on the trunk surface for all specimens
Yellow light paths indicate dry band arcing and purple light
spot indicate corona discharges These phenomenons caused
reduction of hydrophobic and ageing deterioration on surface
of silicone rubber polymer insulators [9-12]

~, Dry Band Arc

(a) Type-A (b) Type-B

Fig 4 Visible discharge activities during salt water dip wheel test.

After 30,000 test cycles, significant changing on the
specimen surface was observed on all tested specimen. Many
types of surface ageing, such as erosion and tracking etc., were
observed.

As shown in Fig. 5 (a), dirt was observed on both shed and
trunk surfaces of tested specimen

As shown 1n Fig. 5 (b), slhightly surface tracking was
observed on parting line of trunk surface near the energized
end.

As shown in Fig 5 (c) and Fig. 5 (d), severely tracking was
observed on the parting line of trunk surface near the grounded
end. The occurrence of surface tracking on such position may
due to higher electric field stress. Electrical discharges may
cause surface damaged [13].

As shown in Fig. 6 (&), dirt was observed on both shed and
trunk surface of type-B specimen same as type-A specimen

As shown in Fig 6 (b) and Fig. (c), slightly surface tracking
observed on both shed and trunk surface near the
energized end As shown 1 Fig 6 (d), punched of trunk near

was
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ground end was observed The puncture was observed on the

parting line of trunk.
S — —

JENT After c’nn\ianuinantm@"
() Dirt on shed surface

L A

(c) Tracking on parting line of trunk. (d) Tracking on parting line of .
Fig 6 Surface damaged of Type-B specimens

SgxV

B. Contamination Degree SDD = 1

@

Under contamination condition, contamination layer causes
leakage current along the specimen surface and leakage current ) .
causes dry band. Finally, higher electric field stress over dry 720 is the volume conductivity at temperature of 20°C
band causes dry band arcing. Dry band arcs cause tracking on (5/m)
the insulator surface. Therefore, salt deposit density (SDD )15 8§ is salinity Ckg:'m3)
used to identify the contamination level along the insulators SDD

. is the salt deposit density (kg/m?)
surface. The formulas for SDD calculation are as follows ; ; 1
- Vv 15 the volume of the suspension (m™)

8, =(570y) n A isthe area of the cleaned surface (m®) [14,15].

where:
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TABLEIL
5DD arTER 30,000 TEST CYCLES
SDD, mglem’
Type-A Specimen Type-B Specimen
No.l 0.0205 No. 1 0.0228
No.2 00178 No.2 0.0149

As illustrated in Table IT, no significant different in SDD was
obtained This may due to tested specimen having same
configuration and dimension.

C. Hyvdrophobicity
By products from discharge activities such as heat and TV

can cause reduction of hydrophobicity of polymer insulator
surface. STRI classification guide as shown 1n Fig. 7, 15 used
to specified the level of hydrophobicity for the specimens
[16,17]. HC level for tested specimen was evaluated The
evaluation results are shown in Fig. 8 and are shown in Table
oL

After 30,000 test cycles, reduction of hydrophobicity level

on all specimens was obtained when companng with the new
specimen. As illustrated in Table III, largest reduction of
hydrophobicity (HC5) was measured on trunk surface of all
specimens. For shed surface, reduction of hydrophobicity level
at HC3 was measured.

Class fication of hydrophobici

Mew Type-B Specimen

Type-B Specimen No. |

55

Type-E- Specimen No. 2

Fig. 8 Comparison of reduction of hydrophobicity
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TABLEI
REDUCTION OF HY DROPHOBICITY AFTER 30,000 TEST CYCLES
Specimen Pasition

Position Type-A Type-B Energized end
New No. 1 No. 2 New No. 1 No. 2
l i HC3 HCS IS HC3 HC4
2 HC3 HC3 ’ HC4 HC4
3 HC4 HC2 HC3 HC3
4 HCS HC4 ’ HCS HCS
5 HC4 HC4 i HC4 HC4
6 HC3 HC3 HC3 HC3
HCS HC4 1 HC4 HCS
8 HC3 HC4 HC4 HC4
9 = HC3 HC3 g HC3 HC3
10 3 HCS HC4 I HCS HCS
1 HC4 HC4 HC4 HC4
12 HC3 HC3 HC3 HC3
13 HC3 HC3 HCS HCS
14 HC4 HC3 HC4 HC4
15 HC3 HC3 : HC3 HC2
16 HC4 HC3 i HCS HC4
17 HC3 HC3 HC4 HC4

18 HC4 HC3 i HC3 HC2 Groninded snil
19 b HC3 HC3 v HC4 HC4

D. ATR-FTIR Analysis

ATR-FTIR (attenuated total reflection Fourier transform
infrared spectroscopy) is chemical analysis technique for the
chemical bonds changing inspection. Side chains bond (Si-
CH,) at wave number 1258 ¢m™ and back bond (Si-0) at wave
number 1010 cm™ of silicone rubber surface were analyzed.
Reduction of Si-CH; indicates side chain scission. Reduction
of Si-0 spectrum indicates back bond seission. An example of
ATR-FTIR spectrum of trunk surface at position 10 of tested

surface comparing with the new specimen surface 1s illustrated
in Fig. 9. After 30.000 test cycles, decreasing of side chain and
back bond spectrums were obtained for both types of tested
specimens when comparing with the new specimen. Mostly
changing of side chain and back bone bonds were measured on
trunk surface when comparing with shed surface. ATR-FTIR
analysis results for all position of all-type specimens are
illustrated in Table IV and Table V.

100

80

60

% Transmittance

40 5
C-H in CH;
20 Al %

CH; (1258 em™)
Si-0 (100 em™) —

— New

No. 1

~No.2

0
4000 3500 3000 2500

2000

1500 1000 500

Wave number, em’'

Fig. 9 ATR- FTIR spectrum of Type-A specimen at position 10
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TABLE IV

TRANSMITTANCE OF S1-CHs BOND AFTER 30,000 TEST CYCLES

Transmittance of Si-CH, (1258 em™'), % Position

Position Type-A Specimen Type-B Specimen Energized end
New No. | No. 2 New No. | No. 2
49.60 53.86 2320 36,38
2 4 77.79 80.70 4 77.63 §0.36
3 79.11 618 %4.99 R#0.37
4 50.08 41.07 13.60 30.96
5 79.03 75.34 %239 71.35
6 82.25 B8.65 &8.35 TO.R3
7 26.59 4543 67.78
¥ K844 T8.56 71.67
9 = ¥3.93 4,41 = 95.17 82.42
10 6807 51.91 I 36.00 66.30
11 74.26 §1.95 E T6H.66 #4.61
12 ¥2.16 KT8 #1.81 80.28
13 75.60 22.14 64.19 43.66
14 83.18 97.42 %593 73.61
15 85.75 97.43 83.07 8343
16 69,19 49.02 7142 70.57
17 78.77 04.55 82.76 75.57

18 73.83 91.29 7349 70.04 e
19 v 68.18 26.95 v 37.83 21.46

TABLE V
TRANSMITTANCE OF 81-0 BOND AFTER 30,000 TEST CYCLES
Transmittance of Si-0 (1010 cm™), % Position

Position Type-A Specimen Type-B Specimen Energized end
New No. | No. 2 New No. | No. 2
| 79.01 75.33 63.70 £0.40
2 o 78.81 B6.04 £y 93273 HE.B3
3 80.09 §7.08 92.74 89.42
4 < 84.90 69.26 9337 69.76
5 §2.33 £1.80 £9.90 §8.35
6 i 86.58 91.80 93 88 5,56
7} 5 69.10 63.31 2557 HE.608
8 ? 8587 KO8 99.61 84,99
9 8‘ 83.24 86.19 = 96.05 87.37
10 ? R7.43 80.33 T 7049 #6.04
1 79.74 84.57 92.87 91.04
12 :: 84.37 KH.H9 93.34 84.12
13 ; 83.54 57.47 20.28 HOO1R
14 ; 9151 96.44 92.07 92.94
15 5 88.26 96.41 24.02 86.74
16 § 85.93 %1.23 94.20 B5.82
17 84.02 94.35 91.73 89.73

18 % T8.69 91.22 92.90 87.93 L seal A
19 v 87.52 40.87 v T9.43 52.1
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E. Hardness Measurement Results

In this study, hardness was measured based on
ISO 686-Shore hardness [18] by using Shore durometer.
Measurement results of hardness are shown in Table V1. As
shown in Table VI, increasing in hardness of all tested
specimens was obtained when comparing with new

ng and Technology 60 2011

specimen. Increasing in surface hardness indicate the
occurrence of oxidation crosslink of polydymethylsiloxane
matrix. More increasing in hardness was measured on
specimen type-A when comparing specimen type-B. In
addition, increasing of surface hardness confirmed the
chemical reaction in the specimen surface.

TABLE VI
HARDNESS OF SPECIMEN AFTER 30,000 TEST CYCLES
Shore ‘s hardness scale Position
Position Type-A Specimen Type-B Specimen Enetgized end

New No. | No. 2 New No. 1 No. 2
1 51.68 52.80 52.24 55.20
2 ™ 61.36 63.04 s 56.96 56.88
3 51.52 63.28 50.80 5336
4 42.16 50.40 49.76 48.48
5 5348 63.12 53.04 5432
6 62.56 63.52 57.76 56.40
T 42.56 47.92 50.32 48.24
8 61.84 61.84 57.84 56.64
9 L] 61.92 62.72 ﬂ_ 51.28 5240
10 4 4240 5128 4 032 4824
11 62.40 62.80 54.72 55.60
12 6248 62.96 5816 55.36
13 43.28 46.00 742 46.96
14 62.16 62.80 58.64 57.04
15 6176 62.64 5416 55.20
16 47.12 46.64 49.04 54.56
17 62.96 63.20 56.96 54.56

I8 63.20 6288 53.04 5680 Ground end
19 ¥ 5424 52.64 v 5416 50.64

IV. CONCLUSION

Silicone  rubber polymer insulators having = same
configurations and dimensions from two manufacturers were [l
tested under salt water dip wheel test for 30,000 cycles and
were subjected to electric field at 35 V ac /mm. Surface
tracking and trunk puncture were observed on both type [4
specimen surfaces after 30,000 test cycles. However, severely
tracking was observed on specimen type-A comparing with
specimen type- B. Physical analysis results and chemical
analysis results confirmed the experimental results as well. 5
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