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PRATYA KAEWCHANTHUEK : AGEING DETERIORATION OF HIGH-
DENSITY POLYETHYLENE CABLE SPACER FOR DISTRIBUTION
SYSTEMS UNDER ARTIFICIAL ACCELERATED AGEING TEST.
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161 PP.

AGEING OF HIGH-DENSITY POLYETHYLENE / SALT FOG AGEING
TEST/MULTI-STRESS TEST/SALT WATER DIP WHEEL TEST/CABLE

SPACER

This thesis presents ageing deterioration of high-density polyethylene cable
spacer for 22 kV distribution systems under artificial accelerated ageing test. Ageing
characteristic and anti-tracking of cable spacer surface were studied. The test was
divided into three parts: salt fog ageing test of 1000 hrs, multi-stress test of 1000 hrs
and salt water dip wheel test of 30,000 cycles. During artificial ageing test, dry band
arc and corona discharge were observed on cable spacer surface. After ageing test, the
physical analysis results obtained from obviously surface erosion and tracking were
observed especially on the ground end. Scanning electron microscopy showed erosion
of cable spacer surface as same as those analyzed from visual observation. In
addition, chemical analysis results from Fourier Transforms Infrared Spectroscopy
show chemical change from oxidation and carbonization reaction occurring on tested

cable spacer. Increasing of C=0 and C=C bonds confirmed surface ageing.
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Boundary: Electric potential [V] Max: 1. 796e4 Contour: Electric field, norm [V/m] Max: 1.194e6

a? T T — T T

0.5 A 16
14

04
11.2
11

0.3 - -
0B

0.2 06
0.4

01 0.2
0

0.1 0.2 03 04 0.5 Min: 0 01 0.2 0.3 04 0.5

Y
(@) psaNATa UM UNUIVET (Wa A =1la B = V)

5107 5.3 dnvazvoausaau Iihuazauu Twihanaau

U

Re

o [~ Y1 a A g o a A a g A
"l]"lﬂWﬂﬂTiﬁnﬂ’fNﬁlzl"Viullﬂ’ﬂ ']_ISL'.]iLl‘V]Ll]l!i]ﬂ39\15‘]_1ﬁ1ﬂlﬂlﬂﬁﬁ5@ﬁ18ﬂuuuﬂguﬂ1

= 9 A ~ d' =1 @ a d' a S = 1 =)
mmmsﬂﬂaumllwwmqmqﬂmamﬂummmmau 9 vouaaaiies Fan1nunsoa

Y
! 2

9 A a ° o o A o ' @
fmm"lwmqqqﬂmmﬂmummumimamsz‘uu 3 22 kV Nuruagasessumele A =
8.00 kV/cm, B = 8.041 kV/em, C = 6.146 kV/cm Uag funuINg1I6 = 3.061 kV/iem 1

=) 9] d' 1 1 a o 1] (I}
anuassaaiy Inihvearlea ¢ nuasaannma A uag Binaandumusvouna C BN
o ] J 1 a’/ ° ! A 9 [ .
NngurUanI s nageaa 3 lianuassaauiu liihnmevunma ¢ talos

v ] Y

A aruanuassaanu llihama A vag B Ialndimesnuiloninszezviiavoumlana

= @ o ] =Wl Y A [ o A =1 @ A A 9
AUNIUAUAUHUINTIAUA INAASINY 1ANaNITIIaulsfTeuneununsain ey

Aaw < 1 [ = 9 a 2 4, ] s A 2 a
NuITIu A aTeaa U I geganaundMuans128 MNTUIINAN
Uszana 4191 Ao 11.94 kV/em dauduniiagasessudova A uag B naulimasasiszunm
= & = ' = g Aa 2 o [ A
A3ania MsfSeufeuamanunigaauy i inevuaudimuae g veundiaanl

4 [ ~ A o 1 v 1 dy a 2= =
YOS LAAIANAITINN 5.1 MISNAUHUIAN 9 itHadvouaidadligosua1nuason

9 Y a1 & ~ o q Y A s A A a A
avuw Iihgaiudedlunaide mszezih ldadaanlaseinsomemdamnansidousiy
3 T oA A ~ R 9, 1 a 9|
59N 11UTNUDY q 1nATAANEIVEIN T I uasHatmu M NwaTeaaun Inives

a Jd a a A = 9 = U a
wdamihaesytiarsinia1gane 18.21 kv/em (M3 Iihuasnang, 2008) Faganinaia

Jd a a o= 1
gilirosyHANDAWOTDY 2.3 11



71

1 Y

M3199 5.1 WisuReumanuaseaauy Tihinavumud i
AuseFuiisinun ‘ . ) L
manuaseadu lfhgaga (kviem) AN
(V,= 17.963 kV) )
ANULATYA
o auwliihgega
AUKU A B C A B C Ground N
IV, | 0.5V, |-0.5V, | 8.000 | 2.874 | 3.184 | 1.612 wler A
FTUU 3
wler22 | -05v, | 1v, | -05V, | 2.828 | 8.041 | 3.120 | 1938 wla B
kV
0.5V, | -05V, | 1V, | 4994 | 5082 | 6.146 | 3.061 wler
Ay |1V, | 1Y, - | 4073 | 4352 | - 11.94 Ground

5.3 Nﬁﬂ]iﬂﬂﬁﬂﬂ!éﬁﬂ1i!§’ﬂuﬂ1qﬁ?ﬂﬂﬂ@ﬂl’lﬂ!ﬂaﬂ!!ﬁzﬂaﬂ]i?’lﬂﬁ@ﬂ!i'\‘iﬂ1i!€f®3»l

Y =
91N WNHANNAIYA
1 d' 9 A 1 d' 9
MINNMINATDVLTINITTONDIGAVHNDN lOINAOLAZNITNATDUITINTITDUDIGAD
WrANWAssANUANNTeandoInuAe TureNegszIeNIINAdeUITINISIToND Y
< a a @ @ ¥y 2 & - s Aa 2 I o
1000 ¥ 114 1NA TalsIAAITIALDITAUDVUHITVY ¥4 Ia Isuaamsaninavdluaies
A ~ %,' A A 1 1 J Y g’z < 3 o A =
WIOUDUUAITUUIUNT N AU T nuauurIHUN T ud asnTouavuasday Tums
] g’; 4 J 1 Aa ] o 1
nageUTIUsN q Hu Ialsuiddniwazerinuauung hinatsonaz junsauniin ua
1 Y
11952 821ININATDUNINTY IZINAUBIAZ FTULTINN TASMWIZVTNUMLNUI0990A0
a 1 A 1 A a S 4 4 Y ]
asaulurananimsnenuen lamnas #aanmsna Ia Isuaassauaz 15 nua UL
g’/ o 9)&’ d‘Q a Jd a [ 1 1 a d’
q wagguusaiu M ldnunmveunamliresnamsnanson sesRaudeuaniwainu vl

A 3 = ' o v w o = o o
uazmauamwmsgﬂunmu %Q%%ﬂﬁ??juﬁiﬂﬂﬂﬂqﬂ aﬂymzﬂlﬂﬂiﬂiiuiﬂﬁﬂfﬁmmgEﬂi

=

Y d' a é@/ dy a a 14 9Y v
mmumemﬂmuuuwummmmmamﬂwemﬁm”lﬂmiﬂw 5.4

U




78

Talswaamnsa

N/

L

lswiday§o D15 NUDLILHY

!: |

e 9
BIFNLATILEHA

‘]Jﬁ 54 ﬂﬁ!ﬂﬂiﬂjiu”lﬂﬁ“mii]ua mimmmmwummmam‘ﬂwas

a =) 4 14 Y a a 14 U
fﬂilﬂﬂTﬂiiiﬂﬂfﬁﬂiﬁlllﬂgﬂWiﬂLLﬂ‘ULL‘ﬁQUHN’JEU?)\‘ILﬂUJaﬁlﬂl“ﬁ@iiuﬁ%ﬁ’ﬂﬂﬂ1§
o a a 4 4 1
NnaAaoU ﬁfﬁﬁ’iﬁ]m1%1ﬂﬂi$tlﬁi?1‘ﬁ'ﬁ@nuN’Jﬂl@\ilﬂ!ﬂﬂﬁlﬂl‘ﬂfﬂi Lﬁ’ommwumuummmmﬁ
Aa 1 a Tl W o Y 9 A a 49! a 1 o 1 [ T KX a
@]"IiJN’JLL@]ﬁ%‘UiKmeliJWI”IﬂU ﬂ?iﬁﬂ?"lllii’)u‘ﬂlﬂﬂﬂl‘hm”lllWTJLWI’G%@HLLWHQllﬂJWHﬂu@YJEJ IUNA
I g ~ Y [ o 2 I g ~ 9 ~ Z A a dy'
L‘]JH‘WMV]LWNllﬂJWﬁi’HJﬂH B UNUNLAY 9 AUNINYTZHIY 1-2 mm FEANUNVTOINUN
Yy  a y Aa v ' o Y= o q Yt o ]
HOULVIN UTIUUDULVINUNANUAIUNIUGN llllf’fﬁﬂﬁﬂu”lﬂizllﬁllﬂ ﬁ]\i‘ﬂTiﬁﬂJLLiQﬂu@]ﬂﬂiﬂﬁJ
X A Yy 9 1 3 a g A 9 1 9
NUNLDVLHAT DIANUAINUADANNTURUIUYDIDINMAUTNIUHUNAITBINIANNUNVD
9 A ' ) a o ' v 2 = ° Y a
E‘Tiﬂl]hl‘l/\l‘l/\lTﬂﬁﬂﬂﬁﬂllLLﬂ‘ULL‘WQ%%LﬂﬂL‘UiﬂﬂTQUﬂJﬂQﬂTﬂTﬂﬂﬁi’JNLLﬂULLT‘NﬂJH fﬂﬁlﬂuﬂa‘ﬂTiﬁLﬂﬂ
¢ ¥ a s XA 2 A A a
miﬂuammuazTﬂisumﬁmswu WBTTYLINNVDINITNATDULWNNINVYULIDY 9 ﬂTi!,ﬂﬂTﬂ
2 4 J Y 3 ' 2 Y @ o Y '
Tﬁum’mﬂﬁmmzmimmmmaﬂ%zma G UASTUHIININUYUAIY Iﬂﬂﬂﬂﬂgﬁﬂlﬂ@llﬂQWﬂelusﬁ’N
A g ' A d Yy A g v o o Ao qUa ¢
‘W,ﬂu!’)ﬁ?ﬂ'lﬂ’ﬁll’f]ﬂma@uuuﬁﬂxﬂﬂ!fViu'J’Wiilf]ﬂllf]l,ﬂ'ﬁ’E]L“]Juﬁﬂﬂﬂﬁ?ﬂﬂgﬂﬂ'ﬂ'ﬂlﬂﬂ@'ﬁﬂlmﬂ
Y a 14 Y1 A é‘ < 1 1T A a Jd o Y a
LLWQLL@%IﬂIﬁu’Iﬂﬁ%’Ii%llﬂ\i'lEJENGU‘L! °]N’E'NNaﬂ‘ig‘WUIﬂﬂ@iﬂﬁ@ﬁ?ﬂl@\?!ﬂlﬂﬁﬁlﬂl%@i 1/]']Glfﬂlﬂ@

= 2 g a VN < a
ﬂ’lﬁlﬂﬁEJ‘L!L!JJﬁﬂﬂlu@]’ll]‘wuN'JLLﬁgﬂmﬁMUﬁﬂ'ﬁLﬂuﬂujumﬂWﬁ@a\‘l



79

(M) NOUINANVALDIA (V) HAWMANUAED19

~ A s o ' A Y A
i‘]_h/l 5.5 Lﬂmﬁﬁ!ﬂ!cﬁ'ﬂiﬂa\‘li]'lﬂVIﬂﬁ@ﬂLﬁ\?ﬂ'lilﬁﬂﬂJﬂ'lQﬂ’JfJWﬂJ'ﬂﬂll@Lﬂaﬁl

G

(M) NOUINANVALDIA (V) HAWMANUAED19

A A ¢ @ ' A Y] A
31]‘1/] 5.6 Lﬂlﬂaﬁ!ﬂ!cﬁ'ﬂiﬂa\‘li]'lﬂVIﬂE‘T@llﬁ\?ﬂ'lilﬁ'ﬂﬂ'ﬂ'lfgﬂ'JfJWHﬂTmmiﬂﬂ

ﬂﬁﬂi]'lﬂ%ﬂﬁﬂﬂﬂill@]'mi%EJ%L’J@'Iﬁﬁ'lﬂuﬂLLé}’J ﬁaﬁmwsm’mﬁauﬂmﬂﬁauuﬂamu
&' a a J o d‘ =) 4 14 9 1
vuNUAIveualad s 0wileIn101n 1A TS UIAEITAL0ITNUD VLR 1AgNDUNTS
v 1 o .&’ a 4 1 o 1 3’, o
ﬁi’Ji]ﬁﬁl‘USﬁ)’l’)\ﬂﬂ‘f’ﬂ53ﬂ‘]Jﬂ’.]"IllL']Ji®$L‘IJ’E)‘LI"Uﬂﬂlﬂlﬂﬁﬁlﬂlcﬁﬂilmﬁgﬂlﬂﬂu fl]"I‘ﬂ‘Ll‘L!%Q‘I/I”If’]’.ﬂll
A { a %,’ 1 [ <
ﬁ$®1ﬂﬂ§T‘ULﬂﬁﬂlmgﬁ\iﬁﬂﬂSﬂﬁﬁ"éﬁﬁ‘JJG]"I‘JJN’J@E]ﬂﬁjﬁﬂu"llﬂa"l"l]uﬁ'ﬁﬂiﬂﬁﬂlﬂ@]!ﬂuﬂWi

~ A a da! a a SN Y v ~ =< " A
L‘]Jﬁﬂullﬂﬁ\‘lﬂlﬂﬂmuﬁ'lllW'JGUfNLﬂL‘UﬁﬁHJL“]f@iulﬂﬂﬂllﬁﬂ\‘lclugﬂﬂ 5.5-5.6 BINWUVIUNANIIH



80

1 3 ] o a 1 a a a 4 a 4 ] o
nIPUTUBEIFAI LY NaIAReasAumUANAdadges tazwuusnauduuTY 8169
=S w [} [ 1 d‘a ds! dy 4” A d‘ 1
Un uaggai Uy msnansauinavul aungunnanulsezilouveunasnasauody

A 2 o 9 ' ° Yy Aa A X & 2 = Y 4 ]
yurai ldanimarnnuih i naanuay nszuas Tvauinau 393118013 nuouuis
a S ds! 9 =) g’z v Aa 1 a A = 9 @ a
uaz IaTsuaay1sad1odudle dnnedunasesdudouan i dany launuazFanuusnu
o w ~ a 4 1 A a J Y
dauegillnveundaanses wanmsnadeuseimsideueigueandaailsesareruenlo
INAOUATNYANNIATEA LAAIAIAITINN 5.2-5.5
~ 1 A Y ~ 3’./ < Y
VNHANINATOUNTAUNTNATOUITINITITONDIYAIINYAUATIAUUIZIAU 1A
a A i‘ a Y @ @ 1 A 9 A ~ 1
mamalasunlasauiiuiindrenunuminagdousInsidoNogaIenuen loinaotiioa
[ 1 1 A A A a é@‘ 3}./ A 9 U @
AUFUUTIVOINITNANTOULAZTOIRNToNTN NN IR utuiidosni ou
A ' ~ ~ A ° P ° A a
(HRINNINN ANMENHANUIATIAN AN IZHUNTIeTITzaNLazINANNA AN URIVO a1
S ) ° Y A A A A ~ Y Al ~ ' ' 9
wosagnn q 7u MldUsuatnaensoasanisnnuunmzuullsnainnuend dwwald
é’ a a P 1 A 9 G S
anmwinuiIvo Ao aisosNHIUNITNATOUITINITITDUDIYAIINYANINIATIAN TN 1N
= 1 a P 1 A 9 =
anuaadiligeiNEumsnageusINsdoNIga1eryen loimnao
A = Ay Y 1 ' Y A
WonlSeumeunanisnaaoun 18 1IUuAazIsuNUI HANITNATBUAIHLDN 19INAD
luseuf 1 1ag 59UMN 2 TANUUANANAUADUT NN FINTNATOIRUTOUANINLAZAITNA
nsaulumanaaousoun 2 JiSuadsenimanaaeulusouusn FuUNAINANUAINITD
a aa 4 1 o [ H
lumsadavuenueedliia lilees amaaasm Iianuruiuyeavuen lemnaonaai i

Y 9y v & = o= A I o 1
GlTJWE]QV]ﬂﬁ@UaﬂaQﬂ')EJ ﬂ\‘iuu%ﬂﬂﬂNaﬂ’liﬂﬂﬁ'ﬁ]ll"]]'ﬂ\iﬂ’lﬁﬂﬂa'ﬁ]ﬂiuﬁ@ﬂﬂ luJu‘Viaﬂ qAIUND

9y 2 @ Y @
ﬂ’ﬁﬂﬂﬁ@ﬂﬂ:}ﬂ(v\lﬁﬂj’]ulﬂdﬁﬂﬂ‘ﬂ\iﬁ@\‘i5@Uﬂ1iﬂﬂa@Uﬁaﬂymgiﬂalﬁﬂ\iﬂu



= S 4w : A Y & |
MITNN 5.2 Lﬂmﬁﬁl,ﬂ!“ﬁ@iﬁaﬂ%']ﬂ‘l/lﬂﬁ@‘ljlix‘lﬂ'liLﬁﬂ‘llf]']q%’)flﬂilf]ﬂulﬂ!ﬂﬁﬂiﬂﬂﬂ 1

RITIN

J
NI1IA

(3

2102

DEELNEATLGRIG N

3e
=D
&}

18



= A ¢ ' A v & a
M1TNN 5.3 Lﬂlf]Jﬁ’ﬁL‘llL“]ff]i‘ﬁﬁ\i%"lﬂ‘ﬂﬂﬁ@ﬂ!i\iﬂ'l'i!.ﬁ’é]llf]'lEJﬂ’JEJﬁ?Jf)ﬂllf)Lﬂﬁ@‘if)‘U‘Vl 2

AU

¢
NI1IA

197

DERL RS T RLIG IS

3e
=D
—_

3e
=D
(&}

3e
=D
w

4



{ a J o 1 4 {
A15190N 5.4 LﬂL‘Uﬁﬁ!ﬂl“ﬁ@ﬁﬂﬁ\iﬂ']leﬂﬁf)‘]JL‘i\‘lﬂ'l'il,’ﬁf)‘llﬂTq%ﬁﬂWﬁﬂ'ﬂN!ﬂ%ﬂﬂiﬂUﬁ 1

AU

¢
NI1IA

197

DERL RS T ALIG IS

3e
=D
—_

3e
=D
w

€8



{ a J o 1 4 {
A15190N 5.5 LﬂL‘Uﬁﬁ!ﬂ!“ﬁ@ﬁﬂﬁ\iﬂ']leﬂﬁ@‘]JL‘i\‘lﬂ'l'il’ﬁf)‘llﬂTﬂqﬁlﬁﬂWﬁﬂUTNLﬂ%ﬂﬂﬁﬂUﬁ 2

AN

%
13190

yaseTUMeIAIIa

e
=h.
—_

3e
=D.
&}

Q_)E
=)
w

78



85

1 ¥
\ A % Y 1 o AN
54 NaNIINAaIUVIIINIAIND YN IL INAJNUIUNAD
o 1 1A o ' A Y ¥y 12 A
%1ﬂﬂ'l5?NLﬂﬂélu‘]ﬂ\‘l§$W’JN°V]‘V]'Iﬂ1TVIﬂﬁf]UL'ﬁ\?ﬂTﬁLﬁ‘t’]llEﬂfqlﬂ')&l'Nﬁf)%quu'llﬂﬁf)
A a a ¢ s y 2 A a ¢
30,000 59U NWUIN NﬂWiLﬂﬂIﬂj’iu'lﬂﬁ‘]ﬂ‘imla$ﬂ1iﬂllﬂ‘ULLﬂ\‘l"Uu@H§JW’J"’ll'é]\‘llﬂmﬁﬁlﬂlcli’t]'i
] = v W 1 A g‘J Y =Y ' 9 a
!.Gb'ulﬂEI'Jﬂ“Hﬂ“]Jﬂﬁﬂﬂﬁﬁ]ﬂl’i\‘lﬂﬁlﬁﬂu’E]'lEqJ“VI\‘]ﬁ'@\‘]LL‘UU“lﬂ\iﬁuﬂvlﬂﬂﬁ'l’lﬂ'llmﬁ Iﬂﬁlﬂﬁlﬂﬂjﬂjﬁ
a s s Yy a ! A a 1 3 oA X v
HUIATBITULALDITNUD VLN mﬂguuiﬂummsﬂ 9 1/1Lﬂmﬁﬁlﬂlcﬁﬂiﬁﬂu'ﬂﬂﬁ@ﬂluiﬂ 1alu1
v o o & Y o g A a a <A Y a = 4
ﬁNWﬁﬂUﬂl’JﬂfJullﬁﬂﬂu ﬁ]'lﬂuuliJ'éJW’J"llf]\uﬂ‘Uﬁﬁl‘llLcﬁﬂilﬁﬂllﬂﬂﬂ'lilﬂﬂiﬂiiu'l ATVIT UL
4 <3 = Aa i o 2 2 '
mimmmﬁ’dﬂa@mﬂmmﬂnmumimmaﬂ uamﬁammu cycle ﬂl@ﬂﬂ'li“l/]ﬂﬁf)ﬂl“l/‘lllﬁuﬁ@ﬂ
Y ° da! a = 4 14 Y =
9 ﬂuiﬂﬁﬂiUﬂWﬁuﬂN1ﬂ"’Ul‘lﬂ’313\I§uui\16U’tNﬂTiLﬂﬂIﬂiiu'lﬂﬁ“lﬂ'i%l!ﬁ%’fﬂiﬂuﬂﬂuﬁﬂﬂﬂgﬂJ
' P ' v '
ANUTULSUNINTUMBITUN TaggalinaguLsIgaog IndUSNMIIADAIAY FUNAFULST
1 & = @ A d' [ = 14 14 9 A a 49!
LS UDIUINIUDINIUNUVUIIUDU 9 aﬂHm%ﬂlﬂﬂIﬂTiuWﬂﬁ%ﬁmm3@1§ﬂLLﬂ‘ULL1’NTILﬂWUH‘LIu
A

g a a 4 Yo
wumm’mmmamﬂmamam‘lﬂmiﬂw 5.7

G

V/

-

Talsui@asso

%

o L4
M E—— 913NN

JUn 5.7 anvazedlalTuAaIsase1s NUA LT

[ 4 1 %’ o
‘Wfol]Tﬂ‘VlTﬂTTVIﬂﬁ’f]‘]_lLﬁ\?ﬂ"lﬁl?f@llQTQﬁlﬁﬂﬁﬂgﬂi!NHTLﬂﬁﬂﬂiﬂ 30,000 591 Llfgh %\TVH
A &’ a a J @ A = 4
msaslrvaeunslasunlasuuuunuiiveuaadies amummmﬂiﬂiimﬂﬁ%ﬁﬂ
o Y ' 9 (Al o & a s
LAaeDITNUD VLN Iﬂﬂﬂ’ﬂuﬂ’l'ﬁ@]'ﬁ’mﬁ@ﬂﬁ@ﬂ?ﬂﬂ’lﬁgﬂﬂﬂ’J']lJLl]5?]5!ﬂ'ﬂum@ﬂlﬂlﬂﬁﬁlﬂl“ﬁ@ﬁllﬁ
' v ' '
azmﬂﬂuwm?}mﬂumiwﬂﬁﬂuﬁu 9 mnuuﬁﬂﬁ1mmﬁzmﬂﬂimmﬁauazﬂmﬂﬂiﬂ‘ﬁ
a Y 3 ' o < A 4 a X a a
graumurIgenaglanuansodunariumadasuiasitnavuaiuiivesaaa
S Y [ Ty A ~ a a 4 dyd
Lclff]ivlﬂ Tﬂﬂﬁauiﬁmuuaamﬁﬂﬂ‘iﬂmmwnummmmmamﬂLclffliﬁlumiﬂﬂﬁfmunﬂ‘im
A uMIloUNMINATeUITIN ST IgAovuen lotndsuayn1snadoUITINIs a0

1% ~ Ao a A Ay Aa ] a
BIYAIYNAITNIATYR u@ﬂﬂ1ﬂuEl\‘]ﬂJﬂﬁ’l']Jﬁ\‘]ﬁﬂ']JiﬂﬁﬁjJ@l’lllW') ’f]’lﬂlTJUﬂ'ﬁ'IUGUfNﬁujJﬂ'lﬂ



86

, Y A o < A ) v o &
FIUVDIINADNNINIINIUN AN Tﬂﬁlﬂi'l‘ﬂuﬂﬁ'l?JWﬁﬂLGb'ﬂTnﬂ'J'lllﬁg'ﬂ'lﬂf]@ﬂllﬂaluigﬂﬂﬂu\‘l
o { [ o 3 ' a @ J 2 ] o a
Llﬁﬂ\iﬂ\‘lgﬂﬁ 5.8 HANINNTITNIANUTEDIANWUIN lﬂﬂﬂ'liﬂﬂﬂﬁ@uﬁuﬂﬂWﬂ‘HﬂL{ﬂUUﬁnm
o ] o a 4 1T A A < (K ~ dy a o
AurdInsnaveualadiges uausuou 9 ﬂthﬂfJEIWUﬂ']ilﬂaﬂuuﬂaﬂﬂuqu'nJ'lﬂUﬂ
uazdInaliamwAlouannnouNIZINMINAToU KAN1TNATOUITINTITONDIYAI0NAD

)

WU UNAD 30,000 cycle LAAIAIAITIN 5.6-5.7

q

(M) NOUINANVALDIA (V) HAINANNEZD1A

~ A ¢ @ ' A v Y 13 A
TIJ“VI 5.8 Lﬂlﬂﬁﬁlﬂl‘ﬂf@iﬂﬁﬂﬂ"lﬂ“l/lﬂﬁf)“ﬂﬁ\?fn'ilﬁ'ﬁ]iJ'ﬂ']Elﬂ'JEJ'Nﬁf)%quuHﬂﬁﬂ

U q



A A P ' A ) y 1 ¥ A A
AT NN 5.6 lﬂlf]_lflﬁ!ﬂ!“ﬁ@ﬁﬁa\‘]ﬂ’]ﬂ‘ﬂﬂﬁ@ulﬁ\‘]ﬂ’]ilﬁ@u@’]q@')ﬂ?ﬂﬁﬂﬂuu’]lﬂaﬂiﬂﬂﬂ 1

o ' 4 o w [ a
AULHUN 13178 a1 1 ATOITUA AL

e
=)
—_

e
=)
&}

Q_)E
=)
w

Se
=SD.
N

L8




A A P ' A ] y 1 ¥ A A
AT NN 5.7 lﬂ!‘]_lflﬁ!ﬂl“ﬁ@ﬁ‘ﬂa\‘]ﬂ’]ﬂ‘ﬂﬂﬁ@‘ulﬁ\‘]ﬂ’]ilﬁﬂuE]’]q@')ﬂ'lﬂa@ﬂuu'llﬂaﬂiﬂﬂﬂ 2

AN

%
13139

4197

yATeTUMIAIIa

e
=)
—_

e
=)
&}

n_)e
=)
w

Se
=SD.
N

88



89

e

A

55  wamsaszauanulsezileu

<3 o a 14 @ U 4
Gﬂ’]ﬂﬂ’]il‘]fﬂﬂ’]ﬂ'ﬂilﬁgﬂ']ﬂlﬂlﬂaﬁlﬂlcﬁﬂﬁﬁﬁﬁﬂ1ﬁﬂﬂﬁﬂﬂlﬁ\‘]ﬂ’]ﬁlﬁ@u@’]q%’)ﬂﬁu@ﬂjﬂ
A ~ Aa & ' ' A =29y = ' '
lﬂaf]lla3WHﬂjTNlﬂﬁﬂﬂﬂﬂﬂj’]Nlﬂiﬂglﬂf]ua')ualﬂﬂulﬂ']ﬂlﬂa@%\‘]llﬂﬁ'ﬁaga’]ﬂﬁell']'lel‘!u qIU
& ' A Y ¥y 1 3 a ¥ a4 a A
ﬂ'ﬂlllﬂ3ﬂglﬂ@u%']ﬂﬂ'ﬁﬂﬂﬁﬂﬂlﬁ\iﬂ’]ﬁlﬁ’ﬂll’f]']q@jﬂﬁqaaﬂqwunﬂa@uu uﬁuuu’]ﬂutu@\‘]%']ﬂ

v A A ¢ 3 )
TaseadrandnnlFlumssaataathwesitluman Uszneunuaniizmadoulunmsnaaou

o

=) 3’_, dy =S o 14 Y XK Y a a é’ [] ?al A
UMIANUBU DIDIF IﬂIilﬂﬂﬁG]ﬂ3i]l,l,ﬁ’l3@15ﬂll0ﬂlmx‘l%\1ﬂﬂﬁlﬂﬂﬁuiJGUuLLE’Igﬂgﬂuﬂﬁﬁlu‘UWﬂ

o

o 4 A k1 1% < a { a
MNITNATDU Lﬁflﬂ’lu'JU'iﬂ‘U 11‘!ﬂ’lﬁ°Vlﬂﬁf]U!W11llWﬂ"llu‘ﬂ’lﬁlﬁjﬁ\uﬂﬂLWUﬂ51UﬁUNﬁLﬂ1$§I1NW'J

a N Yo 2 L qu A Yany a3 Y o =

ﬂjﬂﬁlﬂluaﬁlﬂwaﬂﬂ%m%umu ﬂﬂﬂm‘iazmmfl"lﬂuﬁfmwmmmaﬁu AIDYNAITASAYN
o 5 &} 1

"lﬂyi)mmi‘ﬂﬂﬁ’ommzNam’iﬂm’Jm’izﬂUﬂ’mJnJ’iﬂzL‘JJ?Jui]mmmﬁmuuummmﬁa L AN

v A < o w
931U 5.9 LazM3199 5.8 MuEIAY

U

(M) (V) ()

Y v
(n) UInau

() dnNzhuoN londoLazNYANUAT oA

Y %A
Q) NADJUUUNAD

(2 1

. 2 :
3‘]Jﬁ 5.9 @’I’Jﬂﬂ"l\‘]ﬁﬁﬁga"lﬂﬁ]Tﬂﬂ’J"liJlﬂiﬂglﬂﬂuﬂlﬂﬂﬂﬁﬂﬂﬁﬂﬂﬂﬁ g

U

A1319% 5.8 HANIAIUIDL SDD N IdanMInadel

SDD (mg/cmz)
nMInadol o o o -
a1 | a2 | @3 71 4
“ 50UN 1 0.0962 0.1066 0.0935 -
vinen loinae -
I0UN 2 0.2569 0.3044 0.2787 -
- 50UN 1 0.1024 0.0472 0.1226 -
WHANWIATEA 5
J9UN 2 0.0940 0.0430 0.1112 -
2detuiunde useduNAToY 13kv | 00180 | 00173 | 0.0174 | 0.0153
2detuiunde useduNATey 15KV | 00130 | 00139 | 00143 | 0.0130




90

a d = Y4 a a d
5.6 ﬂ15’3!ﬂ51$ﬁﬂ15!ﬂﬁ‘£]1—!!!‘]]%13’@1’9@114’37]816!19\1!?]!”ﬁmﬂ!“ﬁ'ﬂi
= [ A A a 49! a a d Y an
NNsAnEIanyaeMslasundasninavumuilvouatladliyosA2835015
@ Y ' 9 vy 2 o 9 @ ' 1 a A A
FanaalealdaimunanIsnage UV INAUNI Y ﬂTGlﬁW‘Uﬂ‘]Jﬂ']i@ﬂi@ullﬁ%iﬂﬂﬂﬁlﬁﬂﬂﬁﬂ']ﬂﬂ
a :%’ 1 o = Y v 2 ANY o o A ] < = A
INAYY Llﬁﬂ']iﬁ\ilﬂ@li'IEJﬁZLE]EIQQ’JEJGHLﬂa']uu@'lﬂll“llE]%']ﬂﬂﬂuliJﬁ'lll'liiliJfJ\TLWui']EJﬁgl,fJEJﬂﬂ
o AR NY o ¥ RN I o s Y ' v o a A
an 9 lul%ﬂaﬂllﬂ ﬂ\iuufﬂﬂulﬂllﬂ'liu']@‘l]ﬂ‘imHﬂlﬂ“]f’)fﬂﬂﬁHJTiﬂll@\ilﬂui'lﬂﬁm@ﬂﬂﬁ3ﬂﬂ']§

A a a S Y =} o A ,3
Lﬂ’dﬁlullﬂﬁﬂﬁ1ﬂW'J‘llfNLﬂl‘]Jﬁﬁlﬂl‘]ﬂ’f')i‘ﬂw1uﬂ1‘§1/lﬂﬁ’0‘ljulﬂmm$uﬂ'J'liJGliﬂl,ﬂuiJ'lﬂEN“Uu

a d d a
5.6.1 M3UATIZHAIYNABIYANIIAUIVUNING3 10

] Y

a I A =
1) Lﬂ!1Jﬁﬁ!‘]JLG]fﬁ)i‘VINTLlfﬂi‘l/]ﬂﬁ@llﬂ’JfJ“HMﬂﬂ”lﬂ!ﬂaﬂllﬁ$w1{jﬂ311llﬂiﬂﬂ
o [ a o’a" I 1 4 o
’(?f"l‘l’iﬂJWﬂﬂWi’JLﬂiWSﬂ"Iﬂu\ﬂuﬁNTL!ﬂ15ﬂﬂﬁ@ﬂli\‘lﬂWiLﬁ'@Nﬂ"lqg]}’Jﬂﬂ”liflnﬁ’OQ
[ a ) [} o 1 a
ﬁﬂ1’!3‘Vi3Jﬂﬂ”],ﬂLﬂaﬂllagﬁﬂTwW‘Vjﬂ’NiJlf’ﬁfJﬂW1|’JTUSL’J‘m@]Hl,ﬁu\iﬂiTJﬂW‘%’Oﬂﬂﬁ’Oaﬂﬂufﬂg
a A j’ a A @ Y ' Ao A a 9
LﬂﬂﬂWi!’]JﬁﬂullﬂaﬂﬂlﬂﬂwuN’JNWﬂﬂq@ ﬁ'\‘ilﬂ@]llﬂ"Mﬂiﬂ\ﬁﬂf]ﬁﬂTmﬂﬂ"lﬂﬂﬂWSll‘VillL!agﬂTiFj
1 o d’ 14 Y = Jd A gﬂ v A j’ a
ﬂi’f)u?JL!L‘Llf’J\1111"1]1ﬂf’J15ﬂlm']JLL‘HQLL@%T?]TS‘LH@@'“NT‘I] NMIYINUANNANNVYFVIEUDNNWUHRIG
o q ¥ ' A 24 & A ' A o v A =
un 1/n°lm1Jul,mm’d$ﬁuﬂimma'ﬂuazmgﬂiazﬁlauau ] AIUUITLIUATINT mnmﬂmmz
a A a a A &2 4 a X L o < 1 @
VIIUDU € LNATOINUTDNUTNIN mimmﬂmuumﬂuaﬂymzmmﬂqmaﬂ ] INED ) NU
Aa 2 g a 9 > v 4 9 A = J o ya a
‘HQN‘V’ILﬂﬂGlluuulﬂﬂﬁ]'lﬂﬂ’ﬂlli’ﬂu‘ﬂﬂﬂﬂ‘]J’ﬂ’liﬂLLﬂ“l.l!WN“HS’OIﬂI§u1ﬂﬁﬁlﬂ§'§]ﬂﬂ1’mﬁﬂlﬁ]\umﬂﬂ
4 a g 2 a o A o < ¥y 2 a Yo
fmJmamzmmmxmmﬂuﬁqmu LagInNeNe ﬂu%uﬂﬁﬂ}lﬂwlﬂulﬁuﬂluﬂﬂﬂﬂEN“UEJ'IEJ"]JL!'I@
vy A& a a o L o g9 A a4 A a Y1
Ulﬂ’ﬂﬂﬂ’)ﬂ ﬂ'li‘V]W‘L!W’Jlﬂﬂi’ﬂi3J'lﬂiJ'lfJEN‘VI11‘”ﬂi'l‘]JLﬂﬁ’E]?ii@ﬁ\iﬁﬂﬂiﬂ@ulﬂﬂﬂ'liﬁgﬁuulﬂ\ﬂﬂ
.§ o Y ,§ o ' a A a A 1
UINVYU T]Tﬂ’)TiJﬁg’E]']ﬂulﬂEﬂﬂ"Uu anyazseIRAdaNamMNVouAtlad e AN IUMITNAd L
15IMSLTPNDIYAIINITTIA0IAN1ILHNDN loINADUAZ TN NHANIUIATIALTAIAIA1T 1IN

59

{ 4 1 a 4 1 a g U o 4 1
A1519% 5.9 aﬂymzimmg?rauamwﬁmmuﬁmmm:@mmmguuﬂ (Magvy18 200 tN1)

a < a [ < < ' 2
1. INAYQULAN 9 138NN Y 2. Wil useaunuu




91

a 1 3 = a Y I 2
5. inavgu luidluszibou 6. inasou il urguannauy

9 1 9
ANUFULTINN 6 igmﬁl'lﬂﬂ'li'lﬂﬁ 5.9 ‘f!’ﬁ'lll'liﬂﬂi’]i]W‘]Jllé]}ﬁ'liJﬁ'llmuﬁﬁN 9
a 4 1 4 o
voundadiises ﬁﬂ "i]'lﬂWaﬂ'liﬂﬂﬁﬂﬂliﬂﬂ'lilﬁ'ﬂhE)'Iqa?ﬂﬁuﬂﬂllﬂlﬂa@ ANUFULIITEAU 6
9
iuag s i]zﬁm1mwu"lf3fmnm@mmmuﬁa ﬁumuwmgﬂmmﬂu ANUFUUTITEAU 4 WU
9}3’/ a 1 a = Y [ v @ o w Y A
"lﬂmmnm%qf’miaamuuaﬂumnminammnu FIUTSAUANVFULUTITTNAAUFTANY AD 3,
g vd ¥ o o a o A S
200¢ 1 U ﬁ'lll'l‘iﬂ@li’J%W‘]Jllﬂ‘lﬂ’N’l\m']ﬂ’J ‘]JiL’JﬂﬁJﬂLLﬁZﬂﬂi’[’)\ﬁﬂﬁ']ﬂﬂl’f’)ﬂlﬂL‘U’ﬁﬁl‘ﬂl"ﬁ’f')i alu
a P 9 g’; 1% $ 1Y
Lﬂl‘]JﬁﬁL‘]JL“B’E’)iﬁW'luﬂ'l‘i‘l/lﬂﬁ’l’)‘]Jﬂ’JﬂWPjﬂ’J']iJLﬂ%EJﬂHui%ﬂ‘Uﬂ’J']ll}'ull‘i\iq\i’sjﬂ‘ﬁwﬂ ‘f’d’l’t'] 38R 3
9 ' 9 H
MUU “?Qﬁi’)‘ﬂW‘]J‘]JiL’JﬂJ‘Qﬂﬂﬂa\iﬂu mumuﬁumﬁﬁnmmmq 1 CATIVNUAINTULTIOY

o v & o Ay v Y 1 9 &
11!53@‘]J 1 4ag 2 Imuu @‘I\i?f'l!'ﬂﬁ]‘ﬂulﬂﬂa’l')ll’]tm')ﬂ@u‘ﬁu’]u

A sa ¥ ¥ 13 A
2) Lﬂ!Uﬂﬁlﬂl%@iﬂﬂ']uﬂ']iﬂﬂﬁ@ﬂﬂ’)ﬂ?ﬂﬁ@ﬂﬂ”%ﬂﬂﬂ
{ a a a1 J 4
‘ﬂ'lﬂﬂ']iﬁi'mﬁf]‘]JﬁuW'JLﬂLUaﬁL‘]JL“ﬁ@iﬁN']‘Llﬂ"li“Vlﬂﬁﬂﬂlﬁ\‘]ﬂ'lilﬁﬂilﬂ']qg{'w'l\i
' 3 g ' Y a
ﬁ'@@ummﬁam 2 59UMINATOUWUIN MINAXDUIOULIN (UTIAUNATDU 13 kV) LNANTT

A ] o a o [] 4 ldy AAa a A g’/ o = Y A [
Wasundated 9 FAIUUT UMK UINT1IA LANUNFHIUTNMOUNUGIRNan N InalAeIny



92

¥19NDUNIATNAADY AIUNANITNAADUTOUN 2 (UTIAUNAABY 15 kV) NUIUNANT
v ] Y
nasuulasmiounsnaaoulusounsn LANUNITNATDIRUTDNATAMNFALDUUINVUIFY

2 Y o T Jd o w [ a @ A
‘Uinmelﬂam!,mmﬂ‘inﬂ A9 HASYATDITUTUALLR LUTAIANAITINN 5.10

A15199 5.10 ANHAULTDIRNUTONTNINNATIVNUMINAUNUIA 9] (F1AIv818 200 (111)

: L - S
v (o e g
4 ¥

UINUYAADAIAY

vinalndyaneasau

VINUMAITLHINN UINUIATOITUMBAA




93

a dy o 1 3 Y] A 42‘ o Y =
msthaduaanaruiumsizusedunadeuniiaigeyu sildanueson
o 1 ' a o v 2 o a

avw Iihawd e q ssaabasivesimgeuaiulide e ldina I lsuad

4 4 Y A 1A U 9}3 a a d a A ]
M5wazesnunuiandenInauazdawaliiuivesaiadnivesinansidouaniniie

9 ] < &l A Aa 1 ] a A 9 Y
a1 lildre eg1elsnamnundrdruIngveuaaanlimesniiunsnageuale19do U

2 A a A ' Yy 9 A ~ Y ' A Y

wunde mamanfasunlasneutiaiouienSoufoununisnadeusansidous1galents
fravsanzvuen lemdsuazdnznanuAion uaaalmilounuaednusinans

= A A ~ A o ' J
Lﬂﬂflullﬂﬂ\iﬁﬁﬂlﬁﬂllﬁﬂWWNWﬂﬂq@ﬂi’)@]HlﬁuﬁﬂﬁW?ﬂ

a (5% k% ia v
5.6.2 NIAUNTISTHEIYNABIYANTIAUBNANAIDUNVVAIINTIN
o [ a g
E‘T'I‘WS‘UNZ‘]ﬂ'li@]i’Ji]ﬁE]‘UIﬂiﬂﬁ%}N‘VI'Ni]aﬂ'Iﬂ@glj’lﬂﬂgﬂﬂﬂa%iiﬁﬁﬂmﬂ@ﬁ@uuﬂﬂ
Yy 9 H Y 1
aeaniia lasnisasrvaeunaruanuluundsludmumsnaaoula q vazsuanuiaiums
1 A g’z 9 o w 1 A o A 9 =~ [
NATDULIINITLADUDIYNI 3 LLUU AIYNIAIVY1Y 1,000 (N1 LW’E]N']NﬁﬂhlﬂﬁJ']L‘]J%EI‘]JLﬂEI‘UﬂH
Y H v
NND1Y SEM “11?]\1‘]51«!\1']1«!1??3Jﬁ8\ﬂﬂNWUﬂTiﬂﬂﬁﬂUllﬁﬂﬂﬂﬂgﬂﬁ 5.10 4agnIND18 SEM U

v H H
FUNUNAUMTNATOLLULUAN 9 UEAAIAIT1IN 5.11-5.14

— 10pm JEOL 11/18/2013
10.0kV LED SEM WD 15.2mm 13:07:31

1) UINUYAADAIAY



— 10pm JEOL 11/18/2013
x1,000 10.0kV LED SEM WD 15.2mm 13:09:56

a2 o w A
) USNUAIAITZTHINN

x1,000

A) UINUIATRITUMEAID

Y v
307 5.10 Mmoo SEM vosuaulnings limumsnaaeu

94



10pm JEOL

SEM WD 15.

x1,000

USNUIATOITUMAILA

11

Omm

12:1

x1,000

UINUIATOITUMBIAIA

95




M3519N 5.12 7106 1NND18 SEM HaINTNATOUISINISTON01gA8NYANUATIA

VINUYAADAIAY

a o =
UTNUANITZTHINUN

USNUIATOITUMAILA

UINUYAADIAY

a o o oA
VINUANITETHINUN

UINUIATOITUMBIAIA

96




97

{ ] 1 o 1 4 1 3
A15197 5.13 A108197 W18 SEM ﬁﬁ\iﬂWi‘V]ﬂﬁﬂ‘ULi\iﬂ'lilﬁ'f]ﬂJf]'lEJﬁ?EJ'J\iéjﬂﬂiJu'llﬂaﬂ

(12.7kV)

x1,000

VINUYATRITVMATD

10pm JEOL

x1,000

UINUYATRITUMBAIA




b

x1,000

a o o =
UTNUANITTHINUN

x1,000

USNUIATOITUMAILA

98

y ] 1 [ 1 4 1 %’
A15199 5.14 296190 N1 SEM HAIMINaaeuisansidonsigalenaoguiungae (15kVv)

N
10pm JEOL 11/2
SEM WD 15.0mm 16:39

UINUIATOITUMBIAIA




99

4 <3| ' Ja J a
vingd 511 Wunimaisainndesgansimisianasounundesnsinvouniia
4 A o (BN} 9 1 Li’ a 1 9 = T < o 1 <
anhaes Ininda ludumsldanla g wuniuaneudiaizen luestiudwmiddana
T A = 1 9 ia < [ a
uA )T EUINBUHNAVDININD1GIINNABIFANITANDIANATD ULV ARINTIAVOUAIT a1
[0S NHIUMTNATOUITINTIHONDIGUUDAI 9] MIUAITNN 5.11-5.14 WU AANITHATOU
Y

Y '
%u’ﬁ)&ﬂﬂ%m%uiﬂﬁlmW1$f]EJNENUiL’Jmﬂqﬂﬁ@ﬂ\‘1ﬂLl!ﬂﬂﬂTiPjﬂif]ueﬁull1ﬂllﬁ$"]§ﬂlﬂuﬂ’ﬂﬂil’3m

' v
A =

' Ja o 1 < v W
DU 9 “]NNﬁﬁﬂﬂﬂ?WﬂTﬂ’ﬂTﬂﬂgﬂﬁﬂﬁﬂﬁiﬂuﬂlaﬂ@]iﬂullﬂﬂﬁﬂﬂﬂiWﬂﬂiﬁ}Naﬁiﬁﬂuﬂ‘UNﬁiﬂﬂ
U 9 4 a A = 1 9 4
ﬂTWﬂ"IEJ’i)Tﬂﬂﬁ@Qﬂﬁﬂiiﬁuuﬂﬂﬁm@iiﬂ Llﬁ$LﬂJi’)L‘LﬁEJ‘]JWIEJ‘]JﬂTWﬂ"IEJ’i]Tﬂﬂﬁ@Qi]ﬁVIiiﬂH
adg U a P 1 4
@Lﬁﬂﬁi@uu‘ﬂ‘ﬂﬁ@ﬁﬂiTﬂﬂl@\‘lLﬂ!‘]Jﬁﬁ!ﬂ!“ﬁﬂiﬁN"I“Llﬂ”Ii“ﬂﬂﬁf’)‘ULi\iﬂTiL?[@N@TQﬁ}’JﬂﬁNﬂﬂqmﬂﬁ@
U 4 < < J 1 4
LLﬁ$ﬂ1'§°VlﬁﬁfJ°ULiﬁﬂWiLﬁ@NﬂTQﬁl’JﬂWHﬂ’JT?JLﬂdﬁEJﬂﬂﬁ]&ﬁuvlﬁ}’ﬂ ﬂ"li‘VIﬂﬁ’E)‘ULﬁQﬂTi!ﬁ'ﬂﬂJ@Tfal
a 1 y a a <A J J 1
ﬁ]’JEJWIJ’E)ﬂ”lﬂlﬂaﬂfﬂmﬂﬂﬂ”IiFjﬂif’JL!‘Uuﬁuw’lﬂlﬂﬁlﬂlﬂﬁﬁlﬂL“]ff’)iﬁiﬂﬂﬂ’ﬂ LLﬁJ’J”IﬂWiTIﬂﬁ@U!iQ
A k) =) = Y [ I o 1 A
ﬂﬁLﬁﬂiJﬂTq@’JfJWVjﬂ’NiJLﬂiEJﬂﬁ]83Jﬁﬂ1’3$ﬂ'3']lli®u!,m$uﬁﬁi’)@G]ﬁ?ll'ﬂ@mmﬂu@’)ﬁﬂﬂTiLﬁf’J‘JJ
4 X 2 =R v A a A s Y ' A
DIYNHVUHNINATY !,LﬁﬂﬂﬂﬁJNﬁﬂi%VlU@]ﬂWHN’J“U@QLﬂLllﬁﬁ!ﬂ!“ﬁ@ﬁui’)ﬂﬂ’ﬂﬁﬂ”I'JZ“H?J’E)ﬂHl’E)Lﬂ’G’I’E)
v A A ) y a ' a A A& a
uuﬂaﬁmazmJ'e)ﬂ"lmﬂa@Tum'imﬁ@umﬁmuuuwamamimmﬂaﬂuuﬂawwumeum

a d
naaisesog1aun

a d = Y = a d
5.7 ﬂ]ﬁ'J!ﬂi]%‘ﬁﬂ]ﬁ!‘iJﬂElu!!ﬂaﬁiﬂiﬁﬁ§1ﬁﬂ1ﬂlﬂ3~lellﬂﬁlﬂ!'llaﬁ!‘lj!“lf@i

Yy Y
[ ' %

= A Yo ) A (BN}
m3asnaeumslasumlasmunil ldhnisaseaeunasuauluingsludums
2 A J A ? A o Ay v
nageula q uazFunuNiIuMINadoUIsINTITeue1gne 3 wuy tiewan ldun
~ o A s o = ° ' a Ay gmy
nFeuiiennu Tasmdadnwesuaazdiaziiniasinaen 22 dumrisausisazideai la 13
Tuuni 3 Ared1vdudsusaalnasuveINITnadoULDUAIN 9 uaaIAgUN 5.11-5.13 FIN3
9
nadoUNIdesToveIMINadouaazlszmngmitaue luglifernu Tagldnnunuieves
[ ' Yy A ' Y A A 1% 9
anlnafuuaaziduio 1wy nsnadeudlernen lomnde Janaiu 6 1du No.l - No. 3
a ?w A A 1 a
nneduaiamliveiadn 1,2 naz 3 veamsnadouseui 1 @34 No.4 —No.5 vinedaiiia
s o A a4 Q9 a v A v 3
anlisasaan 1, 2 uag 3 veamsnadeuseuh 2 Wuau Tasaursusadlnasunuaasldimu

° [ 1 9

I o ' 2 A A a ~ A a A ~ o =
WUAI0819VIFUNIUA KU 2 “I/]LﬂﬂﬂTiL’iJﬁElul,l,ﬂ’d\1‘1/]W’Jﬂf]uﬂlN’gNLﬂJ’E)mEJ‘UﬂU’UiL’Jm

o '

d' =1 [ % d' a 3’, 3’, d‘ 1 d' 9 d' Y 1 1 [
DU ) HAZUNITIAKINATUUNUUAY NIKUA 3 ﬂi\ilmzmﬁﬁlﬂTﬂhlﬂ LW@iWLLuGl%’J1ﬂ1i’Jﬂ3Jﬂ’JHJ

Yy A
Qﬂﬁﬂﬂ‘ﬂﬁﬂ

q



100

0.25 ‘ :
. — New
& C-HinCH, — No.1
Z —No. 2
0.2- ——No. 3
o —No. 4
2 5 o ——No. 5
S 0.15f g § C-0 [—Nos
8 =
g ° T
o O
S o ¥
< OH v
0.05 \l/
Aoo 3500 3000 2500 2000 1500 1000 500

Wave number (cm'l)

= a (% 1 A 9 A
g‘ﬂ‘ﬂ 5.11 ’E]L!“V\"i1L§ﬂﬁlﬂﬂ@liﬂﬂl@\1ﬂ1iﬂﬂﬁ@ﬂ!‘Nﬂ']'ilﬁ’é]iJ’E]'lQﬂ’JEJﬂiJf)ﬂllﬂLﬂﬁ@

Absorbance Units

@
o
|

g

0.2

<

P4
© 0000
o UAwWN P

é C-Hin CH,
< C-Hin CH,

2500 1500

Wave number (cm'l)

~ a [ 1 d' k) =
g‘]J‘VI 5.12 ’0‘L!‘V\Ii”Iliﬂﬁlﬂﬂﬁiwl]ﬂﬂﬂﬁﬂﬂﬁﬂﬂLSQﬂ”lilﬂ’i’]iJi’]WEJﬂ’JfJWHﬂ’ﬂiJlﬂiEJﬂ




101

0.35

— New .

- No.1 C-HinCH,
0.3j—No. 2

No. 3 Z\Z

—No. 4
0251 No 5 '

Nt | cc |
0.2f O C-0 - y

—No. 8 .

C-HinCH, W

0.151-

Absorbance Units

0.05F

Aoo 3500 3000 2500 2000 1500 1000 500
Wave number (cm'l)

A a o ' A ¥ Y 13 A
37 5.13 BurlsusaanlnasuveamInage LT INITINDIYAIBIEBINUNGD
A o ] a [ a Jd a a
9031319 5.11-5.13 uaasdregavuns usaalnasuvountiaanlivosyiianed
Aag ] A g Qy ] Qy A 1 A Y
enauaNurIiugInusuuInttassuNUNHIUMINAABVITINTITOND gAY
vuonloinde MINATOUISINSTONDIGAIINYANULATIA LAZNITNATOUITINTITOUDY
v Yy 1% A o v R = £ A A a
A78298 U INAD MNAIAY FINUMSI)asun)agveIrunUNHIUNITNAGDY AB INAN1S
nasumlasvesifSunar CH, (auadu 2916, 2849, 1Az 1462 cm ') Haz C-C (@UAAY 717 cm )
) Y 1 by 2 4 B & A 2 X
(anlaasuvesruaulnuszny 4 Waill) BANIdanumsiuIuvelsuia OH (ANUFU @Y
A -1 A -1 A -1 & -1
AaU 3,377 cm ) CH, (tavAau 1,317 cm ) C-O (tavnau 1,018 cm ) C=0 (tavAau 1745 cm )
A -1 A 2 2 o ' v Az
Hag C=C (@vAAY 1630 cm’) MIWNIUVRITINMWUTA1 o mariiunanns
asunasmelasamunaiivesnodoNauaNunuIiuge Feaziinansznuaouduiia
1 1 ] [ < v A 9 v Y a o dy a ] =
a9 ao i uaed1s lsnawash Idnanudinauisetiszinsanluaivves)sum c=o
A A da! A YA [ A a d a a an v
wag C=C nmwyuie ldsudunadeueigvouniiadnlwesrianofonaunnunuiuiiu
A Y a < A o =\ 9 A 1 A a
guaza limsInenifSunaveuiuseinnugndedtazaanunaiamnasuaid o iina

v Yo

1 v Y H v
MNNA3eeiledn anadon aAnuaitayeveIrLOuN luminu nieudnszniiIgiams
= a SR v 1 Ay 1o 1 ' a 1
Nudawan sz ilusasiauagaldun dasaiuszrialiuim c-C do C-H lu CH,
P19 IUIENINYTINU C=C dip C-C 1agdNINaIUIENIN C=0 do C-C uaaIniglin 5.14-

5.22



102

8R31893U CC/CH

o

0.90

0.80 -+

0.70 -

0.60 - I i

0.50 - T f

00 | I [ | [

0.30 - —H

0.20 - —H

0.10 - . i

0.00 - J.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

B New [ No.I [l No.2 [ No3 AU

(1) MINATOUITIMTITONDYTOUN 1

8n3187U CC/CH,

@

0.90

0.80

0.70 —

0.60 | | I ( I |

0.50 - =

0.40 - L

0.30 -+ -

0.20 - -

0.10 - -

0.00 - -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

B New [l No.1 [l No.2 [] No.3 AN

() MINATOULTINITOUDIYTOVTN 2

= [ 1 1 1 9 A
E‘IJVI 5.14 9A518IUT2 19U C-C w0 C-H ‘llf)\iﬂ'l‘iﬂﬂﬁf)ﬂﬂﬁﬂﬁwf]ﬂ"lﬂlﬂaﬂ




103

1.00

0.90

0.80 - -

0.70 -

060 - I [ | 7

0.50 - B

R31897IU CC/CH

0.40 - -

o

0.30 - B

0.20 - B

0.10 - L

0.00 - -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

B New [l No.l [l No2 []No3 CRNTIR

(1) MINATOULTINTTOUDIYTOVT 1

1.20

1.00

0.60 - — =

8031894 CC/CH,

@

0.40 - B

0.20 - B

0.00 - =
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Il New [ No.l [ No.2 []No.J3 AU

() MINATOITIMITOUDYTOUN 2

31 5.15 dasdauszrnnafiinm C-C o C-H v8INMINAToUAIINYAIUIAT oA



104

R31897IU CC/CH

1.40

1.20

1.00

0.80 1 I

0.60 |

0.40 - I I'

o

0.20 -

0.00 -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

B New [ No.l [l No2 [[]No3 [l No4 @i

(1) MINATOULTINILTOUDIYTOVT 1

R31897IU CC/CH

1.40

1.20

1.00

I
0.60 - 1 —7
0.40 -
0.20 -
0.00 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

@

Il New [ No.l [l No.2 [[]No.3 [l No4 AW

() MINAFAOUITIMTTONDYTOUN 2

H 1 1 ] [ %,’
310 5.16 dasdusznNfFinm C-C e C-H voInsnadouaIsdoguiunie



105

! @ ' ' = @ 1 < 1
1310 5.14-5.16  udadaN@IMTEUINUTIWRUSE C-C Ap C-H vzimiu 1dn
(% [ a P 1 4 1 1 3’, 1
gandIuveuAiaaire s NAIUMINATOUITINSTONDIGUD AN 9 3TANININNT WAL
9 T W 1 a A W [N} < TN~ 1 ]
dosnnoandiuveuadadiiwesngs limumsnadonla q Wunaasldimuiae T
Y
TuanaveInodeNaUYNAAYIA H300zABNYEY H  INANITVIANTONQANINUY Tagd1n
a [ a as [ ~ 1 9 dy Y 3 v A
sunsusaanlnasuveanedenauaNunMILLUgIRLEaIno Uit uaaliiiug e
a Jd 1 4 =) o
wibamiresriumsnadouisamsidonoiglsunanuse c-C waz ¢-H Tu CH, I3
d' é 1 =1 A o 1 1 1 = 1 lg‘
nasundadlyl dsamInglinanas n5dionaIusenINe C-C do C-H HAganNFuaIu
AoUMINATOD Hu1ed USinanuse C-H lu CH, gnyhaieuinniyselinisanaininil C-
o ' 2 Y I ' = ~ 9 ~
C 1wee drutnaadlimiunanuevesads lsimsnasuunlasiesuas manlasuuilag
dulngfioozaenves H gavoniinezaonves C aaulunsdiiasasiaiuiinniesnd
2 v 1< = 1 o 9/3’1 1 Aa a Yo
FuaunsumInadounruIetiae Isiinsgnanualiduaswinnindad masnlasy
v J a J A A ' [ A ~ 2 U 1
WARIUGINIT (1AA015NHIB 1A TIUINTULTINTT) A931N 514 NUTAIBATITIUIENI
518 C-C Ao C-H voamsnadeuisamstaenoigaienyen londe @anaaiunisnadow
I o ~ 1 1 9 dy [ a j a a I’
souusNIlunanMUIAHaNNA1ININBUHTIN) NUNVTNUNUAIVoIVBUAT a5 11
L Y J
AUNUIAN ) NAINITNATOURAIBATIAIN C-C @ C-H Ndnnauaiulvi wune lums
] A 9 A A a 4 A =) P v
NATOUITINSTOUDIYA81 NN lotndelinisinae1innio 1a TsAd S INFUNTINIING
' A Y a ¥ Yy 13 A da
NAFDULTINITIAONDIYAIINHANNIATIALALNITNATOUAIBIADIUUUNTDNTNAVDI
Y
9A31dIU C-C Ap C-H Hoonvosduaiului nagnnmsanasvetlsuaiuse C-C uag C-
=3 ' A 2 a @ i A o ] a
H nawa llgmaiuiuayesmsinanuse C=C uag C=0 1oNa15aa108190uns15a
o 2 Yy oy d gy "y 42
annafuvesmsnadouns 3 mynadendnedu miulan amlvagudrznumsmuiuves

1 1 9 1 % . 1 o [ 3
C=C ¥1nn1I1 C=0 UazADUVNLANANNUNIN cT%wznanﬁﬁuamum"lﬂ



106

4.00

3.50

3.00

2.50

=C/CC

2.00 |

1.50 | !

9318 C

1.00 |

0.50 -

0.00 -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

[l No.l [ No.2 [l No.3 ALNUY

(1) MINATOULTINILTOUDIYTOVT 1

2.00

1.80

1.60

1.40

C/CC

1.20

1.00

0.80 I

9A35187U C

0.60

0.40

0.20 -

0.00 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

[l No.1 [ No.2 [l No.3 AN

() MINAFAOUITIMTTONDYTOUN 2

d' 7 1 1 1 9 A
gﬂ‘ﬂ 5.17 918 IUTEHINYTINA C=C Av C-C maqmsmﬁaumwmﬂ%ma@



107

1.80

1.60

1.40

1.20

=C/CC

1.00 I |

0.80 -

9M35187U C

0.60 - -

0.40 - -

020 -4 1 B

0.00 - II
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

B No.! [l No2 [ No3 AHU

(1) MINATOULTINILTOUDIYTOVT 1

1.80

1.60

1.40

1.20

C/CC

1.00

0.80

9318 C

0.60

0.40 -

0.20 -

0.00 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Il No.l [ No.2 [l No.3 AWLAUN

() MINAFAOUITIMTTONDYTOUN 2

31 5.18 dasduszrNNfFina C=C ap C-C ¥oIMINATDVAIINYANINATEA



108

1.00

0.90

0.80

0.70

C/CC

0.60

0.50 I i

0.40 -

9M35187U C

0.30 -

0.20 - i

0.10 -

0.00 -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

B No.l [ No2 [l No3 [] No4 AWK

(1) MINATOULTINILTOUDIYTOVT 1

0.60

0.50

0.40

=C/CC

0.30 HHl —H I

9A35187U C

0.20 - — (

0.10 - —

0.00 -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

[l No.l1 [l No.2 [l No.3 [[] No4 AN

() MINAFAOUITIMTTONDYTOUN 2

H 1 1 1 [ %,’
31 5.19 dasrdusznnfiina C=C av C-C vosmanaaouAIwIdoquiiunae



109

=0/CC

9318 C

0.6

0.5

0.4

0.3

0.2

0.1 | |

1 2 3 4 5 6

B No.1 [ No.2 [l No.3

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22

AU

(1) MINATOULTINILTOUDIYTOVT 1

=0/CC

93187 C

0.14

0.12

0.1

0.08 -

0.06 -

0.04 -

0.02 |

1 2 3 4 5 6

Il No.l [ No.2 [l No.3

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21

AN

|
!

22

31071 5.20 9AI1AIUTNINT AL C=0 ¢ C-C YBININATDUAHUDN 1oINAD

Rl

() MINAFAOUITIMTTONDYTOUN 2




110

0.3

0.25

O/CC
o
N

0.15

9318 C

o
N

0.05 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Bl No.! [ No2 [ No3 AU

(1) MINATOULTINILTOUDIYTOVT 1

0.3

0.25

O/CC
o
N

0.15

93187 C

©
=
)
—
]

0.05 - -

0 - L
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Il No.1 [ No.2 [l No.3 AHUN

() MINAFAOUITIMTTONDYTOUN 2

51 5.21 easrdIsEHNNSS A C=0 Ap C-C YBINITNATDURIBNYAINIATEA

Rl




111

0.3

0.25

o
N

=0/CC

0.15

9318 C

o
N

0.05 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

B No.! [ No.2 [l No.3 [[] No4 WA

(1) MINATOULTINILTOUDIYTOVT 1

0.45

0.4

0.35

0.3

=0/CC

0.25

0.2 (

93187 C

0.15 -

0.1 -+

" kb bt

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Il No.1 [l No.2 [l No.3 [[] No4 AN

() MINAFAOUITIMTTONDYTOUN 2

H 1 1 [ 1 %’
g1 5.22 dasdausznfFina C=0 feo C-C YoIMINAdaURI8IIRD VNGO




112

AHMTUNSUAAINAVDIDATITIUTEHINUTIUWUTE C=C @B C-C HaALOAITIaIU
1 Iy} ] I~ H a o 1 @ ] Qy ] @ 7
5211915 NAUNUTL C=0 Ao C-C WUNaNNAINNITUIAIBATIFIUVBIFUAU IMULIH N
9 v
AMOAIIAIUVRIFUNUNAIUMINATOULAL 1T LIUAIDRIT a1V C=C @1 C-C 1AL

' A A g o A 2 ' a
C=0 @9 C-C llﬁ@ﬂiuﬂi’lﬂﬂiﬂﬂﬂ’llﬂuo HULIBD (lu’f]\‘]’i]’]ﬂﬁl,uclfu\‘]']uGlWN@ﬁ'ﬁ]Wﬂﬂﬁll’]flﬂl

A 2 o

@ 9 o Y1 A v o T g VoA
NUDTE C=C uaz C=0 UdININ) ‘1/111‘1(?ﬂTVIllﬁ@]\‘lﬁluﬂﬁ11/\]I,LGIﬁ%ﬁ?llﬂuﬂlﬂuﬂTﬂLWNﬂluﬂu
1 9
Lﬁi’)\ill"Iﬁ]"lﬂNﬁ"lJ’ENﬂ1iTlﬂﬁ’E)‘Uﬁmuu NNNINLTAINAVDIOATITIUTEHINYT I UN U
1 ~ = a aan ﬁld'a a 4 1
C=C #98 C-C ﬂllﬁﬂﬂﬂﬁﬂiilﬂﬂﬂaﬂifﬂﬂﬁlpﬂhlﬂll‘ﬂW’JGUE’]\1LﬂL‘]Jﬁﬁ'!ﬂ!‘]ff’]iiﬂﬂﬂﬁﬂﬂﬁﬂﬂliﬁ
! 9 H
ﬂTﬁLﬁ'@iJ@Tq‘ﬂﬂ‘WiJﬂ WU f‘ITi‘VIﬂﬁ’f)ﬂLmﬁgﬂ1§ﬂﬂﬁﬂﬂlﬂﬂﬂiilw11ﬁﬁ)‘ﬁﬁiﬂﬂu Taens
A a aaa 9 A 1 A k) A
‘Vlﬂﬁ’f)ll1/]LﬂﬂﬂgﬂiﬂTﬂWi!NWqﬁuq\iq@]ﬂﬂ ﬂ1§1/]ﬂﬁ@‘ULﬁ\‘lﬂ1§!ﬁ®3J@1Qﬂ’JEJﬁ§Jﬂﬂklﬂlﬂﬁﬂ
FO9ANNIADNITNATOULTINTITOND YA WNTAINIAT B LAZNITNATOLITINITITOUDIYAIY

2

9 A d‘ a aan 9 9 dy [ [
2wdeguiundeinumanalnieinism lndidesga venvintidanunlunmsnadou
=) (% g’/ ) VoA YA d a aan 9}d‘l v Y 1
@eanung 22 duvisnldiaszinalgnseimsen Indinaenudae nnansnagouls
l ) v v ] v
MSIEAONDIYNT 3 MINAFOUANTIUNUINUNNANTITONDIGUINAGARD @ INUINT 1A
a Y S v Y =X~ Yo o ' a 7’y
wazusnulndning (de 53-55  Fuieulanudnuuean153ns1z1#A2e FTIR
o oA o w ] o 1 A a aaa 9/ [
Auinad 1 waz 2 awdiay wuaitudumisimad §aseinmswn lvlgege Namsnado
' A Y = ' A Y Y 2 = ! S
FIMIADUDIYAIINHANNIATIALAL NIINATOUITINIILTOUDIGAIBNADINUUNAD LANTD
1 A Y A Ad Ao qul a a
YININATOITINToNDIAIenNen lotndoiilunmsnaaeuivi ldiurveumiadl
Y H Y 1
weidiuilifanisnanseunIniigauazuInnIMsnaaauidasInsnaaeui lanaiiun
Y 1A aaa YA ¥ & dy I dy a 2 v Y
naunuIunalfnsem s Indides feilitlumsiziuimvesFununainsnagoudie
A U dyd [ 4 A A = I 9 1 a
wuon londediuiilianu luadiavege wielanuvzuszann Fuiudounnioswounaiin
=3 o Y a d a a dy o (% a 4 a aan
ATR-FTIR e ldmslimsizinannudaiion]l  dmiumsinsizdinmsnaljnie
a v 39 Y o ~ Y Aa 4 a aan YA [
poNFAtUN IdNadnuzAeINUA UM AT IzRMaNalRse1mar Indae msnadouis
mM3deunIgArevinen londemal)nie1eenFiatugiga 509990I1ADNITNATDULTING
4 1 4 1 %l o U
OO IGAIBNYATINATEA LAZNMINATOUITINITITOND ARV UNOAINEIAY 1Az
FINUNAUHUIN 1 182 2 VOINMINATOULTINITITDUDIGAIBNTANUIATIALALNITNATDL

U

[ A Y Y A a aaa a o = Y =
Liﬂﬂh'Lﬁ’é]ll’é]1quﬂﬁﬁlﬁﬁaﬁlﬂhu11ﬂaﬂlﬂﬂﬂ§]ﬂim@@ﬂ“ﬁlﬂ%ugﬂ@ﬂ@ﬂﬂﬁﬂ ﬁWﬂLlﬁEﬁJmﬂ‘U

q

' a aan aan a o <3 1 a aaa
§$W’3Nﬂﬁlﬂﬂ‘ﬂ;]ﬂimﬂﬁmflﬂﬁll!ﬁ$‘1JQﬂifﬂ@’t]ﬂclﬂﬂ‘]fu%&“ri‘u’ﬂﬂﬁLﬂﬂﬂ;]ﬂifﬂﬂﬁmfl‘ﬁfl}

=

' a aan a o ' 4 1 a d a a an
Mﬂ']’s;(\?ﬂ'J']fﬂiLﬂ@“]J;]ﬂiEl'l@@ﬂ“ﬁlﬂ%uﬂﬂu"lal}']\iﬂ1ﬂ Lﬁ’é]\‘]ﬁ]'lﬂ')'ll,ﬂlﬂﬁﬁlﬂl%@i%’u@W@ﬁ!ﬂﬂau

1 9 Y 1 o A a 4 A = ¢ 9
mmwumuugmummaau'l@"lnqauﬂ LllE]Lﬂﬂﬁﬂiﬂﬂi’éﬂﬂIiu1ﬂﬁ6]5ﬁi]‘ﬂﬂ’ﬂu‘if]u’g’\‘i 219



113

= . 2 o .q Ya Y a Y ' Y a 4 2
909 3,000 °C (Kim . 1999) %\W]ﬂfl"i!ﬂﬂﬂ’lilpﬂhl'ﬁu°VlW'Jvlﬂ\‘]181111ﬂlla$ﬁ\1ﬂﬁl1’flﬂﬂﬂ13lwumu

U

VeI MUNUTE C=C 1UIB3
v & a d a o A 2 @ @
AIUINMITIATIZHA0NALIA ATR - FTIR 1 1AWUMIINNIUY09HUTE C=C 5
A aan 9 4 @ Aaan a Y]
iWewnanlgnsemswnlud @Sve luedu) uay c=0 nnUfnseroendiadu nazns
A v 1 1 A = 1T Aa g}/ A
nasunilavesdnidiu C-C do C-H NUaDendIces l4nan1svInauad 13oosnouund
"o A o dyy Y = A o oy Y a s
laTasnungaoenainTananuinyuasi lanaumds Jsensodudulaiuabadilivos
FUANDAONAUANUHUIUUFINAIUNITNATOUITINTITONDIgA101 DN lo1nAD N13

] 4 ] 4 1 %}
NAADUITINIITONDIYAIINYANUIATIA HAZNITNATOULTINTITOUD YR IAo U UNTO

Y '
v o J a A [ 1

9 ' Y
uumﬂﬂm?{aumqﬁmﬂ 0N EN‘WII’JT]JiL’Jﬂ!Gh!WiLN‘VILﬂﬂﬂWiﬂﬂﬂi’ﬂuﬁ%ﬂLﬂﬂiﬂﬁN’J
Y

[ ] Y 9y
AOUTNINUINIZATIVNUMINVUNAVUUBINUTE C=C 1Az C=0 WINIUAIFUNU sn1iu

Qy d'd ] 'o d’Q a o Y a dy a a 9
G])'“Llﬂuﬂllﬂ’ﬂllhlllﬁiﬂlﬁll’f)‘ﬂW’JQQLﬂu]lﬂﬂWGlﬁLﬂﬂuﬂulﬂﬂﬂ’JnJNﬂWﬁ”Iﬂllﬂ

58  MITIATIZHNIZUAS INNATD

v ]
=S A

< A < ° Y a A A I A
NIZUATINWA (Leakage Current) il uaumquilsihldinanu livsedamnisuui
v A X A = o ' A ° ya Yo ~
U Idegave MsnavIulinszuaii lvasdnaneiind sz ldiinunldsuanueasen
o a [ [] 1 4 1o & 1 a
auw ihaaeanar MldszuuimamsgadendinuedisaoriioTag lusuilu nelding
9 49@‘ a o Ya a = ) 1 v d'
ANuFeuIUMUEIRUIY A IREvemuIuRaa U Esmetazth I gmsdalsas Tuigea
o 1 =K o d Y =\ a 4 a ) a A ] a 4
MANAAINA1I999 1T UABINNMTNATIZHNTIAANTEHATINUAD NOFI8AT 1T YHINS
A Y a 14 a o o a o g Y =} = 1
({@OUDIYUDIGNDIGRUIUNDTLNDI N3 AATITHATZUATINNAITIY UABINNTTUNNAT
AaRANAININATDU 1000 %2 Tue (42 TuTaellszanm) Fes1eazideagadanszuasa Iduans
= Yy 9 ~ o @ a PRl ] a = a P '
s1wazdea 13udr luuni 4 dwmsumsinszianszuasImuEINazNINATIEH luaIu
: A v " 4 - 4 .2
YDININATOULTINTITONDIGAIONUDN loINAD (YAN 1) LAagWHANNATEA (YN 1) 1N11Tu
A ] a 4 ~ ] 1 ] Y o 2 =
waziie 1ms Bz ruazifFoumsuainnuuanaavesvianszua i lasanuauy 34
gnNAIDE1INAVOIAINTZUASITUIUN 10, 20, 30 LAz 40 VveIMsnade N TeuNeUN Y
A Y] A 1 4 Aa X A
VINMINATOULTUTOND1GAHUDN 1DINADNLI YUIAVDINTLUATINNATUIZTIAT
9 1 9 A 1 A o = 1 J ] A J 3’,
Yosuazasutanan lugandaluinissievven ualug9aninissevyen i uvLIAUD

Q'J d' a dﬂf ISl ISl ] d' = d' ds! :7 1 ﬁl
ﬂizuas’mmmmwmqwmuazmﬂmm mmirﬂaauuﬂawuqam@gmamam Uazius

v
1 a

X o 2 1 9 o a
FEIAININATRUUINIUVMIAVRINTZUATINTA WNLT UL 11 de taasdagili 5.23
AMFUMINAFOUIT UTOUDIYAWNYANUIATIANNUT VUIAVBINTZUATIIAgI0Y

' A a J A A g’/ o Y a
11!6153\11/13Jﬂ”|5i]”|814119ﬂl1@ma@ Wll@ﬂll’f)ﬁg’f)"lﬂ wazanzdu lashanzduiuimlvina



114

' ' F '
ﬂWﬂ’igllﬁ’i’JQ’\iﬁq{v] mu“lummmazmm%’auuaxﬂ%aa@m"lﬂamﬁuu VHUIAUDINTSUATD
Aa X A =~ A = A o < < Y
NINAVUIZUAIAIN Lm%m’ﬁ]!‘]ﬁﬂ‘umEJ‘]J'53EI%L’mWWHﬂTi‘VIﬂﬁE)‘Uﬂﬂ&mul’lﬂ’ﬂﬂm1ﬂﬂlﬂﬂﬂimlﬁ

td' a dal g}/ 1 t:' ! v v ::'
Ay lideun)aswnmm 1siin uaasdagili 5.24

25 :
710th
7201h

20 3ot

= — 40"
<
%15—
5| I ’
E Wil o
= | |
I |M il
| * M ik M )
6 MWWM' mum ’W i Mwwwww e " W | M' [”MMM
’ Tlme (hour) “ 16

() daanlweiaan 1

25 o —
—oh
720th

20l 30"}
740th

<
£
+ 15 —
<
e
5
o
S 10 .
X
«©
<

5 ﬂ ‘

| ‘\ \

LRy v It | | M “ |

ova' s A 00 e u'mhLl it M Méh P'*M

0 2 4 6 8 10 12 14 16 18

Time (hour)

@) ndaanlweiaan 2



115

leakage current (mA)

20
R 10th
18- ol
h
16 30|
740th
14F -
12+ -
10 -
‘ |
“ s | , Mw ‘ I'l A . 1\ [
1 V"“W’ mWﬂV‘WWWMMWWWN '!h MEMA T M« ”‘
8 10 12 14 16 20 24

Time (hour)

@) indaanleidin 3

1 5.23 vnanszuasINMINATO LTINS TN 1gA wrwen leinde

leakage current (mA)

10 —
9 ——opth
8l 3gth
—4oth
7, —
6, -
! 1 |
4+ [ ‘ ‘ | -
Tl “' *
Z*y )JA’ | ‘ ‘ [ ‘ ‘ | ’ N
A A _— N wl \ T T
Al r T *
I | ‘ ‘ |
I ! ! il 1 ! ! l ! ! !
00 2 4 6 8 10 12 14 16 18 20 22 24
Time (hour)

() daanleiaan 1



116

10 —
9F 720th
sl 30th
74Oth
< 7t -
E
e 67 —
: |
3 °f | \\ i
T I i
g ‘ M w\
<3 \ \\‘ I
T “ | | 'w ]
paho — (.
1F il " -
i
| | | | | |
00 6 8 10 Ti l(% ) 14 22 24
Ime (hour
@) idadliseiain 2
10 —
14f — 20t}
30th
12 — 40"}

101 .

leakage current (mA)
[ee]
T
|

I
T

l\.)

i |F
0 M‘ Vwﬂ 4u quMvW

o

Time (hour)

@) ndaanleidin 3

']J‘ﬁ 5.24 yU19NTY Llﬁi’Jiﬂﬂﬂﬁ‘ﬂﬂﬁ’ﬂ‘miﬁﬂ"ﬁlﬁﬂuﬂ1EJﬂ’JEJW‘Viﬂ’J"IZJLﬂSElﬂ

nnsansnszuaingli 524 TusaedaTueh 04 Mihmsianuenlemnae

' & A 1w A A Y A o 3 '
ﬂTﬂﬁgllﬁijﬂgﬂJﬂTQQNTﬂ LL@]"Hf‘]\‘ﬁ]”lﬂﬂféﬂﬂﬂﬁﬂ@ﬂ]lﬂlﬂa@uﬂ? ¥INWINN 4-6 GIf’JINQﬂJUEH"N



117

S 1

A g v A o o Y1 v a =

Gll’f]\‘]ﬁﬂ'l'Jzﬂlﬂuiﬂﬁﬂﬁﬂi']vl?I@La@] Vl'lblﬁﬂ']ﬂizl!ﬁﬁ'Jlﬂﬂﬂ'lﬁlﬂaﬂu&ﬂaﬂllazuﬂ‘]aﬂaﬂ
A 9 ~ v v A W ] ] A o S 9 v
Luﬂ\ﬁnﬂﬂ’ﬂu3@1!1’]N1ﬂﬂiﬂﬁ@aﬁ51qjiﬂlaﬂﬁﬁjﬂaﬂﬂ’)’]llWu'llluu"llﬂ\iﬁuﬂﬂﬂﬂ\iﬂ\‘lﬂﬂ'l\iﬂgﬁlu
y vy =2 = & Ao v 4 X Y o q Yk a
W@Qﬂﬂﬁ@ﬂﬂlﬁuﬂﬂa\‘] IUDIBINLIATN 6-8 "]5'31“\‘]ﬂﬂJﬁﬂ’Dgﬂ’NﬁJﬁ'ﬁ]ULWNmuﬂ’lﬂ?ﬁﬂ’nﬁlﬁwuW'J

a s 9 a 1 a a 'd 4 9 Y 1 <
Gllf)\?L‘ﬂlﬂaﬁﬂ!“ﬂ@ﬁ!lﬁﬂﬁuﬂllagEl'lﬂ@]’f)ﬂ']'ilﬂﬂiﬂIiu’]ﬂﬁ%'ﬁﬂ!lag@'ﬁﬂllﬂ‘Lll;l'ﬁ\?llﬂ ANNTTLUETI
2 A9y A A =R D ~ I A 9 =2 o 9Ya I
WWUATUBDIUINLAS NN !LQ‘]L?J@QQ%?INQ‘H 8-10 !‘]Juﬁﬂ’l')gpjulwml"lﬂll'l FI]\‘]VI’]%(?W'FU@QETH]!“B@?
~ P ' A 1 A ' 4 = A X o A ' '
UJﬂﬂllaguu']uh’iaNTHW?@@LH@Q@Q@@Q'@T ﬂ1ﬂ§$Llﬁﬁﬁﬂ\ilWNTuQ’Qﬂ?’]%?Qnﬁ’]@U ] AIUYN
) { { o J 1 o g U a 4 [ J
%311]\11?] 10-14 ‘ﬁﬂﬁﬂqaﬂ]@gﬂQTN%}ﬂuﬂTﬂiglLﬁi'Jﬂflﬂ"lﬁﬂﬁQ@]"lleﬂ?J Llaglﬁ@ﬁQLﬂ@]ﬂ1ﬂ§$llﬁ

3 A =2 g ' A = A ~ < A ] @ A
’JGI,‘L!GH’JI?N‘VI 14-18 %’QLTJ‘L!GH’N‘VIMﬂﬁﬂﬂﬂuﬂﬂ]lﬂlﬂaﬂiﬂ‘ﬂ‘ﬂ 2 DWUNUAFUFUNU LALND

(I

~a o a A o A v A1y ' I '
Weunumsdavuen loinaelunsn @ Tued 0-4) naulinniosndn dunadlumwsizan anw
i‘ d' &' a a g o = A d‘
nseziloundzaumuiuiiveundaanisesnouszinnmsniavuen lemndelusoudi 2 gn
Hrszandreanizduliudr i ldanszuasindaldlusr Tuan 14-18 Tantesndn mang
o ¥ [ A vy f [ < {
Aunnulsezlounitaunavyuluinnmsdanuen lownaomn 1l vazwdnnsa Tuan 18-24
I~ 1 o 4 o a 4
Alitanzduinsiszdnanualsezialouannvuen lomnas 3 liinaanunlsezileu
2 A A o ] ~A v 2 1 < [ a
azanunyudnenau lugesa Tuei 0-4 asiumnszuasrlurisusnvesmsianuenlo
A Ayﬁ = 1 = A 1 [
ndeil Jelimgennlumsianuen lomae lusnas
a 4 1 o a a P 9 1
NAHANIUATIZHVUIAVBIANT a2 TvamuAlveuadamlisesn ldnaidun
9 Y o Y A o Y A = [ 1 1
dadumldeanansagudu'ldn anzuuenlomas uazannzdulinaedaunaoanszie
] A A Y a a 4 A 4 9 49!
2 Inacmuainaanaldinala lsaas M09 DUOULTILNUY LAZNTALANUDIAT I

a A4 X ) A o =3 v U A 2 Y 1w
Lﬂa'E]VILW?J"]JHG]'lﬂf]‘lll:]ﬁ'lclﬂclﬂ'lﬂ'ﬁ‘]ﬂﬂﬁ@ﬂﬂﬁ\?Wablwellu'lﬂ"]]@\iﬂjgllﬁjjﬂﬂ'qumullﬂl‘]f‘l'lﬂu

59 a5

Q

' , . ; A 'z
luuni 5 ldanandwamsnagewsimsdoverguouniaaiiseinieldnis
NATOUAN 9 AD MINATOULTINSITONDIGA0MLDN lDINaD NINATDULTINITITDD1GAY
! 4 ! %’ [
WHAWIATEA LAZNITNATOVITINITITOUD1YAIINA0IUUUNAD TINDIHANITTIA0
=~ 9 a 4 < a a 4 =
ﬂ’ﬂiJLﬂiElﬂﬁunJulV\IV‘h NISAUATIEHNISUATINNAY Lazn1saasIznsilaguuilas
8’, a 4 1 o 1 [ dy
Iﬂ‘i\‘lﬁ%}'l\‘l‘l/]\‘l‘l/]'l\‘]ﬂ'lElﬂ']WLm$1/l'l\1lﬂ‘1dJ FINNITAUATICHHRAAN ) ﬂ\‘]ﬂﬁ']')ﬁ"]iﬂiﬂﬁ?ﬂkl@%} JU

o [ o = Y 1 a d‘ I~ @ a
ﬁ”l‘]rii‘]JWaﬂ”lii]161ﬂﬂﬂ’J"IilmiEJﬂﬁiﬂilblV\h/hWU’ﬂ usnm‘nLﬂuimsmmm&mmmmx

v
=

o [ 4 S = Y d‘ d' =1 [ a d' a
G]HLW‘LNﬂiTJﬂﬁlziJﬂ"lﬂ’J"liJmiElﬂﬁu”mlh\h/\l”m ANFAUNDNIUNUVUTIUDU ] UBAUALUA

v 1

g
A [ ~ Y
Aennu manuaseaduy Ilihgaga

4 4 [ {
anhwos uazionSeuneusunsainleluau



118

a & A

o [] s A 3 a 1 [ o [] %
AATUNRNUINT 1IN INNTUINANTZUA 4 1M1 Audunisgasessuaome A az B
s 4 &

Iaanaglszununs v
o @ [ A 7] A g ]
dmSuranInageusIMsIdeueigdlevuen lownasitluszezinal 1,000 %2 Tuq
' tg Aa a J a ~ 1 <3 Yo A a 1 Aa A da!
wuNnwuAveuaaalsesinanslasunlatediadiu ld¥ane tNaseaRNToUAN TN
@ g’/ Y a 4 a 1 ] o a o ] S ¥
mMnimveualiamiliaes uazinamMIunNIoUsEITARUUINAA LTINS Wwulluenld
1 a d a dy 1 a 1 Aa A U FY) =H o A g’/ v A
Tadadiliwesviiatinuaonisinasesniudoudninuaznsynsonld luAn nnedadl
o & A 1 A 9 1 A PRl < A
srauanulezJoungInIMInagoudu q f1e dIUMTAATIZHAINTZUAT) THaa AN
1 d A a ds! S 19 1 9 A 1 A o (= 1 1
WU VIAVRINTEIaNavuazialosuazAoud1anan lus19nda liinsevuen ue
' A ' ) s Aa X A A ' A A
Tugaeniinstienueninvuiavesnszuanavusziaigannuaziianluaei s
4 P 4 3 o g
nlagunilasvugediegaasanal LazilieszezIAININATOUUIUIUVUIATYDINTEUATIND
v Y
annuaua lde
) [ 1 A 9 =) I o
AMTUNANIITNATOUITINTITOND AN ANAT oA UTL 821981 1,000 3 T4
1 24’ a a d Aa 1 a 4 1 1 % 1
WuN Ao uadad)iresinaTo IR UTONTNINLAZNITHNTOUFURAGINUNTNATOULT
A Y A = Y U o i‘ Y 1 1]
msienolgalgnuen lonasualnnuguusadesnin szauanulseziouioeni ou
A ' o Y A o N Y a S
119901910 ANMLAUTIETITZA AT N AU UG A iwes 14 aaunsansIziaInTLIa
] a 4 ' U A ' ] A A ] A
§2lvamwA inu yuevesnszuasalinigeeglugieninisiienvenlemnde vuenle
A g‘_, o Y a v < ~ 1 1
azea wazanMziu Taghannzduuumbiimaninssuasiganga dauluyianizany
] o A o g & A a 2 A ~ A =
Founazrsid@oanst leaniin vuiavednszua AT uIziiaInai taziienlSeuney

A o <3 <3 Y A a ds! g’/ } = J ]
szgznaMImMInagounzmu lanviavesnszuainauuiiy linasunlasnnmi 1siin

o o 1 4 v %’ I o

dmSuRan1INAToUITINIIIAIN1gA1829d0 MU UNADIT UTIUIU 30,000 cycle

1 [ a d a 1 1 % a o ]

WUNMINAgoURIoNTIAY 13 kV 1ndamilivesnanIHNIoUsINTARULS AR WL
d 1 a < < Aa 1 Aa A <3 9 [ g’; A A o

n319 auusnundlfnasesrudenaninuadaniiosmniy  uadlomuusaaulunis

) [ ~ I 3 a 1 A A ds! =~

nadeudIMiusoun 2 11U 15 kv ANUMTINATOIHINUINYY T URQINIIZTANINATIA
v 1 Y 1 9y v
auy Tihamiuvusih Ifinamsdeuann ldhevuiiue g
j’ a 9 9 ‘a 3 1 o Y 1 &’ a
M3ATINAOVNUHIAIGNADIYANTIANDANATOULUVEDINTIA T THNT IV WU
v 1 P Y
wouabadlireiNAIUMINATOITINTITOUDIGNINUA UdNHULYTVTLINIUUTIINT
1 ] H <
woamganlarns inumsnlasunalasnay
9 = 9 a 1 A o Y1 a
myasdvaeulaseadamunlialemaiin ATR — FTIR 928 unisgudulaiuaiia
a’d' ] 1 d' a d' é’ a [ d'
alira I NFIUNATDVITINITDNOY 1NANIITONDIYUUITI dunadInnslasuuilasves

v 9
AI1HIU C-C s C-H ﬁ‘Uﬁ‘Uf’Jﬂﬁ\‘]ﬁWﬂI“]ﬂﬂﬂfﬂiﬂﬂﬂﬁua\‘i ‘rﬁ'@azmamaﬂaiﬂmuﬁqﬂ@aﬂ



119

' Y 2 a A X @ v A Aaa Y
%Wﬂj“]ﬂ"iaﬂNWﬂﬂlu UNTINNUUHVINUDE C=C f]ulu’f]\iﬂ1%1ﬂﬂ§]ﬂimﬂ’limﬂlﬁll iag C=0
Aaan Aa o = g’; dy I o Y = @
%’lﬂﬂgﬂiﬂ’lﬂﬂﬂcﬁ!ﬂ%u ﬂ’lilﬂaﬂu!tﬂaﬂﬂﬂﬁuﬂulﬂu@nﬂ@ﬂiﬁﬂiWUﬂ\?ﬂWﬁﬁﬁWﬂﬂ')Llﬁ%ﬂWﬁ
d‘ 4 2K o Y a1 a [ 2=l
Lﬂaﬂullﬂa\i"llf]\iiﬂi\iﬁi'l\‘l‘lfl'l\iimlaﬂa %QﬂWIWﬂmﬁNﬂﬁ@nq 9 vounlamiyesinianad

WIONANILTOND YUY



UNA 6

Y
ﬁgﬂuazmmaummz

61 asi

Q

Y
A A

Aav A a g { 1 4 =Y =
NuATEINeinus ilitlenuneanMInageusims denegueaaanseFriia
wodeRauaNuruugan 1 luszuusimiie 22 kv meldmsnageusanisiieney
HUUA1e 9 ouldun msnadeussmsdeneIgaloruen lotnde NMInaaeUITINSITONDY
v = ' A Y Yy v 3 oA A a a
AINYANNIATEA 1AZNIINATOULTINTITONDIGAI8IE0 U NG 1ol sziluduaia
Jd a qy 1 ~ 9 = 14
alwesyiatiamisonuaonansznuaINANUAI AN 1WA nansznuINAaTITINIG

IWfhuazwansznuninannmsiiaesdniza q Ndawaaemsidonsigla msdutiums

Awv A a

J v 1 y o 1 [ o o a a o
WeInertinusainani lddusegarawinglszasa lasauwnsoagdnansauiiunsing
Y
Tanaaelali

= Y o < o w ' 2 A
unn 1 hlﬂuuﬁuaﬂ’JmLﬂumuazmmmﬂﬂﬁlmﬂﬂgm Iﬂﬂﬂﬁ?ﬁﬂ\iﬂ’lﬂﬁ@ﬂﬂ’lqm@ﬁ

[
=~

a s a 2 a 1 1 o w %
l,ﬂlfUﬁ’(?HJJL“]f'él‘i‘17]Lﬂﬂﬁu%1ﬂﬂ1’§sl,°]sfl\‘ﬂu%i\ﬂu‘igﬂﬂﬁ\i%ﬁlﬂ?ﬁ\‘ihhﬁj\h 22 kV G?qﬁﬁmammé'au
A o o A o 9y a A 2 I Y a Aa ' v e 2o
ﬂJﬁ’Juﬁ1ﬂi‘gﬂ‘VﬂiWLﬂﬂﬂﬁfl’ﬁﬂMﬂWQﬂluﬂulﬂuLﬁﬂiﬁLﬂﬂﬂ’NNW@‘Wilelﬂ LHE]WWGI,L!U“V]‘L!EN

2K o J 9 dy 9 ao 7 ' Yo
i?hﬂﬂ?@@ﬂﬁ%ﬁ\?ﬂ VDANAUUDIAY UBDUIUAUDINITUIVY Lm%ﬂﬁgIﬂ%uﬂﬂ'lﬂ'ﬂi]%klﬂiﬂ%'lﬂ

o 9}9}

a =
MUY UAIY
A Y o Aaw 1 A A Yy o Ay X o qU =
UNN 2 Ulﬂu’l!ﬁu@'ﬁﬁmﬂﬁﬁm,mgﬂ']f!"]’l]ﬂ@]'l\‘l ] NNYIVBINVITUINY clf\ﬂ/]'lclﬂﬂi'lllﬂx‘l

HUINNITITY ST IT NN 19NN HANMTA TN ToIduBUUEAId 9 919

v 9
o v A v v = =

AuzINITENAGMIANTUNITITEAAoAnIUD TR U

[

= Y o 9y A Y a Jd = 1 a
und 3 Idiiaueanuimernunms lFauadadnlsoiod waziden 15U ¥Hiavo
a 14 a g’/ 1 A 9 1 [ a 4 A a o
wdiaanaes maaeas ginsaianilFauswiuadamiives puauiiavesnodmes taz
Tadendewaniznuaemadouorgnaautianie i ldun anwaseania il anuason
~ y aan dd’d 1 d' a
NNNA ANNATIANNANZINAdEN tazlRnsemunlinlnadomsiiovergvouaiadil
S Y 1 aan a % aan 14 Y R A 1 A
wos laun Ufnsevendmdu uazlfnsermive luadu adinalaoasinensidous1gues

a 4
waanliyes



121

v 1 9
und 4 Tdnandemsnageuisansid@oneigne 3 minadon oullsznoudis ns
NATOULTINTITONDIYRBYNON ToINTD NMINAFOUITINIITOUBIYAIINYANUIATEA 1Az
[ 4 1 %’ a 1
MINATOUITINISTONDIgAI8 1o U NG IN150TU18519aBeAVBINITNATOUAN 9
U o 1 a ] J 2
1dun gilnsailunisnadeuais g n1sAaasginssinazFuaiunaaon nisiassuuas
ad o A < EY
Feutdumsnagon iludu
~ 9 U = 1 A a 4 9
uni 5 Idnandawamsnadetisamsidovergveuniiadlisesnieldnsnaaou
A19 9 Ap NINATOVITINITITOND1A101NEN lINAD NTNATOUITINITITONDIGAIINY
1 4 1 ¥ °
ANUIFE A LAZNMITNATOVITINTITOND YA WA NG TINDIHANTTIABIAINIAT A
a 4 o a a 4 : g’/
avuw Il msmszdnszuasiamin wazmsiaszimsulasuuasdnseadanama

A R o ~ Y 1 a A & o
NIYNINLULASN ALY "’]NWaﬂ”lii]"laﬂﬂﬂ')13J!ﬂ58ﬂﬁ1ﬂll1‘1/‘l‘1/‘h1/‘l1]31 Uiﬂﬂl‘ﬂlﬂui}ﬂiﬂﬂﬁﬂﬁTﬂ

]

A A

a o [] o = = Y d' dl [ a d'
wianazduians naszimanuassaduy lnihigeigaeiisunuusnudu q ves
a 4 4 o { Av I [ 1
wadhayes uazionFeunsusunsanldluanuidennui annuaisaauiy il
a &2 Ao ' s A X a v ° ' o
gagamnavuidmuIng e Mudunn@ulszuna 4 91 dauduiagasessumoma A
o 4 4
1ag B UAanadlssunansaniig
o o U A o IS 9 v A a A
AHTUNANIINATDULTINIITDUDIYNINUANUANNTOAAADINUADUTIUNTNT
A - A ° ' P o ° A Y A Y
{@oudnInuINNgafo AunlINI1IAFIATINUNanNIsTIaeInuAssaduin T ld
dyw 1 dy Aa a J a 1 Aa A 1 di’ = [~
UINNINUGINUN AUV UATad)Is0s AATDIHATDUAMNLASNITHNTOUIY FI9LITU
o < g’/ Y] a J 1 4
laFamumniiveuadaanases anmsnageusInsidonsigalonusn loinae tagns
ISUTOUDIYAIINHANVIATIANNANTITOUANINTOIAINT FIUNINATOUADUITINTITON

' ¥ d

9 H v
mqﬁamﬂﬁ’@wuuﬂﬁ’auuwumﬂﬂﬁﬂuuﬂawmw’mﬁ’aammm UAZAIMnNNITAUATISH

Q

' o a d 1 A ¥ I ) Y a o A
ANNTSUFATINUNINWUIN Wll'ﬁ']ﬂhl’f]l,ﬂaf] Wll’f]ﬂllaﬁg’f]']@ Llagu'lpju Lﬂu@3ﬂ1ﬁlﬂlﬂ@ﬂi$uﬁij‘ﬂ
' P, A A o aa ¥ o o qyua s A v A g
ﬂf]uell'N’G;f\uiJ@Lﬂﬂ‘UﬂUﬁﬂ13$ﬂﬂ@ ’f]ﬂ‘ﬂQEN‘Vl'lﬁl,ﬂl,ﬂﬂ@']ﬁﬂﬂiaiﬂIiu']hlﬂq'lﬂelluﬂjﬂﬂ']i
XA a v v /o g . o q ¥ v X A A
ATIVTDUNUAINIYNADIYIANITTAUDANATDULUUNDING 1A Mlansun nurveumael

P 1 4 ?x’z v 1 1 1
L%’Oi‘ﬁN”I“L!ﬂ”li‘ﬂﬂﬁﬂ‘ﬂﬁﬂﬂﬁ!ﬁﬂllﬂ"lq‘ﬂﬂﬁllﬂ ﬁaﬂymxmgmﬁzaJmﬁuuﬁ'mmsmﬁaamdm

[l { <} a
%"luwumnﬂﬁauuﬂmﬂmu !,!,agﬂ”li@]i?]i]ﬁi’]llIﬂi\iﬁ%)"lﬂ‘ﬂ”lﬂmﬁﬁ)?]ﬂlﬂﬂL!ﬂ ATR - FTIR

X A

[ A v Y a c’d’ ] 1 d‘ a d'i
“]5’.]811!?115fJufJublﬂ’J”lmmaﬁlﬂlgﬁﬂi‘ﬂNWUﬂﬂﬁﬂﬂliﬂﬂiilﬁ@NB”IQ INANITIADNBDIYUUIIT
1 H 9
dunaonmsiasuulasveseasiaiu C-C 9o C-H ﬁUdﬂﬂﬂﬁﬂfﬁﬂi‘ﬁﬂﬂﬂﬂﬁﬂnﬂﬁua\1 ‘Vi%i’]
Y ] Y i1
’EJ$S3]®NGU’E'NUlﬁiﬂi!ﬂuﬁijﬂﬂﬂﬂﬂ']ﬂi“ﬁﬁﬁﬂlﬂﬂsﬁu ﬁﬂWﬁLWN%umﬂﬁWU‘ﬁ% C=C @ulﬁﬂﬂﬂ'ﬁﬂﬂ

aan aan a v { g - < (J
Ufnsemawn Inif uag c=0 nnUnseeendiadu maldsundasnsuaiiiudivenli



122

= @ a y =2 o Y a1

“VIiTUTNﬂ1§ﬁﬁ18@]’)!lﬁ$ﬂTiUJaEluL!‘]JﬁQGUE]\‘]Iﬂi\iﬁiN“ﬂNIlﬂaf}ﬁ *ﬂ\‘i‘VIWGlﬁﬂﬂ‘!ﬁiJ‘]JﬁﬁN €] VBN

a It A A A
Lﬂlﬂﬁﬁlﬂl%ﬁ]‘ii\lﬂTﬁﬂa\‘]ﬁi@mﬂﬂﬁl’ﬁm\l@1q

9 9 A Y Y A a
ﬁﬂﬂWﬁﬂTﬁ‘V]ﬂﬂ'@‘ﬂllﬁ%ﬂﬂﬁ?ﬂﬂﬂ\‘l@]uﬂﬁﬂiﬂEluEluulﬂ’NﬂWiLﬁ@iJfﬂquGU@\‘llﬂl'Uﬁﬁlﬂ

4= Yo ~ Y Y
l‘ﬂfﬂillﬁnﬁi{]iﬂﬂWﬂﬂ'liulﬂiﬂWaﬂi$ﬂﬂﬁﬂﬂﬂﬁ'lﬂJlﬂiEJﬂﬁu'lﬂJulV\lw1 INTANNITUIAADY I1NNIT
a A [~ = g o A w Yy 9
m@@a%ﬁmﬂunmum f]ﬂ‘l/l\ifl\iﬁ'li]'lii]EJ’LJEluulﬂﬂﬁElﬂTi@]‘i’J%ﬁ@ﬁJIﬂi\?ﬁi'l\ﬁ/]'l\‘]ﬂ'lflﬂﬂ/\ll,l,ﬁ$

o A aAav Aa a S o
Tasaa1amaniidndls 1nMIaUtUNINAToUINIUITEINS T NUT NE LN Hdouuziiily

Y
v o A

AFAUUUNITIVYINGIUNUTAIY
a 3‘}1 [} d’ ] 9 1 g ] d'
1) amsaaaainauiorielumsszueanuiounngnisiaie 9 wu 1'lsuen w509
P, ¥ A P v XA v v A < a y X
a31vuen uau iesninginsaiviartiie lsnudaiiouiiunaiuuzinanuso Iy
o Y a = Y
a1 ldnaanu@deviie 1a
1 ] d‘d a A [ Lg 9 =R = [ [ d'
2) Tuszriaranimsnaasurminma llanuse lauayuld 3earslimstausadun
) ¥ A q9 o A vy A
ldmaaeunnasuieliussaunaaeunaianaou ldtosiga
1 4 1 g o {
3) dmSumInadouisamsidenaigalenasquiinnae arsviinnadenluioh
(= a 1 Y d I Y A 1 1 g}/ 9
lulimansznuningurginieuen wu wesues Wudwiiesnnnlumsnadouuaazniald
v F
sreznaUszaUgunl lutianumindue diwanonnuanuduluoins wazasumdu
A A ' A A o 1 Agquyu o q U1 A Ay v
AnsznetmageaNulsozilounmeuudissan ldnaasy i lviaanulseziloun 1d

TueusorhuZFeuneusula

62  VslaUOMUY

NMIAUTUMITIEININUS NENUL Az Han Tai ldinauAauaz toauaue
Y
Tumsaiumsiseas 1l lueuna aase lail

aw 4 a J ' o
1) ﬂ’ﬁﬁﬂﬁnmg’mﬂﬂﬁlﬁﬂh’ENQI"Uf]QLﬂlf]Jﬁﬂ’!ﬂl‘ﬂi@iTﬂEJﬂﬁLLEJﬂﬁﬂYJ%@IN q NN

@

1 A a 4 Y v A o 3 Y A
LBU mgzmimanmqmmmmaﬁﬂmmmﬂmmmu mmmaamﬂﬂmam L’]J‘LJG]'LJ NI

[

o Y v A a 14 9 1 Yy
A1 @ﬂl@ﬂlﬂlﬁllﬁ%lf’ﬂﬂﬂ1’;1ﬂ‘Hm$ﬂ1ilﬁﬁ)u®1qm€)\ilﬂlﬂﬁﬁLﬂL%@i%WﬂﬁﬂWanﬂa@MﬂN i UI,@@

2De

AN,
= a o A a 14 9 a
2) ﬂ’Jiﬁﬂ‘]&lHl,'ﬁg’J%EJﬂ1iLf:’ff]3JE]1EJ"Uﬁ]ﬁLﬂLUﬁﬁLﬂL%ﬂiiuﬁﬂT)gﬂTiGI,“]Nﬂnl%i\?
= o 1 A I = AN Y1 A
L”LGﬂﬂlﬂﬂﬂﬂﬂﬁﬂ??zﬂ?iﬂﬂﬁﬂ‘ﬂﬁ?ﬂ gl L‘W’t’)ﬁjuﬂiilﬂ%ﬂﬂmfJ‘]JNﬂﬂTiTIﬂﬁ’t’]‘]J'ﬂllﬂ’ﬂiJﬂ’NiJ

1 A A [ ]
Lmﬂmamammuﬂuasm“ls



Y Aa
18N1IDNOI

ms fhunswans. 2008). mslsudlgesdmanangliihsliam s iinieaafaymaanmn
¥, nsdidnsiganiw i,
a 4 a 4 a J Y a
g ainunmyan.(u.al.a) eamsdszneumsaeu. msdmszvineameialumailn
nuanlalasalal). vinanerdomaluTagwszsounaisuls
a 4 aa g o s a 4
U nIzua Taw. (2555). M3deNe1gYeIw1Fa Iauiag Inssiud miugndlenuiunedmes
1 Sol a a I a ] a
NIMINATOURB N0 UNAD. INeHNUF S yIrIns sumasurITuda
Qennssu i) wmInedoma Tu Taggsuts.
a £ (Y] a a ¢ a :
uifu eNFANT. (2534). nADMSHAZINATAMSINNZTIT Un30 9N,
a 4 v d' Y an o [ [ Y Y] a9 ]
1598 Wen 1%, (2555). MIABNO1YVIAUIN AT NENF Iaud mTuADANUIsIRALTIA
U 4 a a J a a LY a
moeldmsnaaeussmsionerg.  Inerinus Uy iaanssumasurniuga
Gennssu i) wiInedemalulaggsuis.

a

117 NOIBY. (2555). ANHUZMTITONDIGVO9819FA Inud mi v Insadugndsenuiuned

J

s Aq Y £} A v A a
LYDT Vli%ﬂTﬂu@ﬂ@WﬂTﬁﬂWﬂclﬂﬂ']ﬁ‘ﬂﬂﬁ't‘)ll!ﬁQLﬁi’)iJ'[’)']fJﬂQﬂﬁuﬂﬂqﬂlﬂa@ﬂﬁgﬂyﬁ.

9

=

neniinus il yanimnssunasumtindia Granssu i) unanendomalulatgs
Wi

d1570 deiazenn. (2547). Iemanssuliihussge @ivliuiya).

Bouford, J. D. (2008). Spacer cable reduces tree caused customer interruptions. IEEE. 1-3.

Champion, J. V., Dodd, S. J., Vaughan, A. S., Zhao, Y. and Sutton, S. J. (2000). The Effect of
Voltage, Temperature and Morphology on Electrical Treeing in rolyethylene Blends,
Dielectric Materials, Measurements and Applications Conference Publication. 35-
40.

Dao, N. L., Lewin, P. L., Hosier I. L., and Swingler S. G. (2010) A comparison between LDPE
and HDPE cable insulation properties following lightning impulse ageing. International
Conference on Solid Dielectrics. Germany. 1-4.

Gill I. G., STYS, R. D., and SEELY, R. U. (1967). Impulse characteristics of aerial spacer cable,

IEEE Transactions on Power Apparatus and Systems. pas-86(3): 369-373.



124

Grasaesom J. Thong-om, S., Payakcho, W., and Marungsri, B. (2011). Ageing deterioration of
silicone rubber polymer insulator under salt water dip wheel test. World Academy of
Science, Engineering and Technology. 211-217.

Gutman, I., Harting, R., Matsuoka, R., and Kondo, K. (1997). Experience with IEC 1109 1000h
salt fog ageing test for composite insulators. IEEE Electrical Insulation Magazine.
13(3): 36-39.

IEC 60507. (1991). Artificial pollution tests on high-voltage insulators to be used on a. c. system.

IEC 61109. (1992). Composite insulators for a.c. overhead line with a nominal voltage greater
than 1000 V- Definitions, Test methods and acceptance criteria.

IEC 62217. (2002). Polymeric insulators for indoor and outdoor use with a nominal voltage>
1000 V. Ed. 1.0, Committed Draft.

Isaias, R-V., and Fermin, P. E-C., (2012). Electric-field analysis of spacer cable systems for
compact overhead distribution lines. IEEE Transactions on Power Delivery. 27(4):
2312-2317.

Khan, M. A. and Hackam, R. (1998). Recovery of Hydrophobicity in High Density Polyethylene,
IEEE International Symposium on Electrical Insulation. 351-354.

Kanashiro, A. G., Pinheiro, W., and Burani, G. F. (2005). Evaluation of Distribution Line
Spacers through the Leakage Current Monitoring. Proceedings of the XIVth
International Symposium on High Voltage Engineering, Tsinghua University, Beijing,
China. 1-5.

Kim, J., and Chaudhury, M. K. (1999). Corona-discharges-induced hydrophobicity loss and
recovery of silicones. Conference on Electrical Insulation and Dielectric Phenomena.
703-706.

Marungsri, B., Komiya, H., Aoyama, I., Ishikawa, A., and Matsuoka, R. (2003). Salt fog ageing test
results of silicone rubber for outdoor polymer insulators. Conference on Properties and
Applications of Dielectric Materials. 2(24): 393-396.

Marungsri, B., Shinokubo, H., Matsuoka, R., and Kumagai, S. (2006). Effect of specimen
configuration on deterioration of silicone rubber for polymer insulators in salt fog ageing test.

IEEE Transaction on Dielectrics and Electrical Insulation. 13(1): 129-138.



125

Marungsri, B., Onchantuek, W., and Oonsivilai, A. (2009). Electric field and potential
distributions along surface of silicone rubber polymer insulators using finite element
method. International Journal of Electrical Power and Energy Systems Engineering.
2(2): 92-96.

Marungsri, B., Onchantuek, W., Oonsivilai, A. and Kulworawanichpong, T. (2009). Analysis of
electric field and potential distributions along surface of silicone rubber insulators under
various contamination conditions using finite element method. World Academy of
Science, Engineering and Technology. 1353-1363

Mergos, J. A., Athanassopoulou, M. D., Argyropoulos, T. G., and Dervos, C. T. (2010). The
effect of accelerated UV-Ageing on the dielectric properties of PVC, PTFE and HDPE.
International Conference on Solid Dielectrics. Germany. 1-4.

Payakcho, W., Grasaesom, J., Thong-om, S. and Marungsri, B. (2011). Artificial accelerated
ageing test of silicone rubber housing material for lightning arrester, World Academy of
Science, Engineering and Technology. 650-655.

Pinheiro, W., Amaldo, G. K., and Geraldo, F. B. (2008). Evaluation of distribution line spacers
located near the coast. WSEAS Transactions on Systems. September. 12(7): 1371-
1380.

Pinheiro, W., Arnaldo, G. K., and Geraldo, F. B. (2008). Leakage Current Monitoring of
Distribution Line Spacers. WSEAS International Conference on Power Systems. 252-
257.

Powell, R. W., Thwaites, H. L., and Stys, R. D. (1965). Estimating Lightning Performance of
Spacer-Cable Systems. IEEE. 315-319

Rajini, V., Kanchana, K., Gowdshree, V., and Udayakumar, K. (2004). Comparison of surface
tracking in polymeric insulating materials Internatlonal Conference on Power System
Technofogy. Singapore. 1513-1517.

Rocha, R. C. C., Roberto, C. B., Renato, A. O. B., Edmilson, M. G., Fumitaka, N., Liliane, D. C.,
and Mauricio, R. S. (2002). New technologies, standards, and maintenance methods in

spacer cable systems. IEEE Transactions on Power Delivery. 17(2): 562-568.



126

Saithongin, V., and Techaumnat, B. (2011). Numerical Analysis of Electric Field at the Contact
Point Between a Spacer Aerial Cable and a Spacer. International Conference on
Electrical Engineering and Informatics. Indonesia.

Schwantes, D. and Zanin, M. (2004). Study of pigment influence in High Density Polyethylene
Eletrical Strength, Department of Materials Engineering, Federal University of Sao
Carlos. 239-242.

Smith, N. A. (1969). Design Considerations of Spacers for Aerial Spacer Cable. IEEE
Transactions on Electrical Insulation. 4(1): 12-17

Thong-om, S., Payakcho, W., Grasaesom, J., and Marungsri, B. (2011). Study of ageing
deterioration of silicone rubber housing material for outdoor polymer insulators. World
Academy of Science, Engineering and Technology. 534-539.

Ueki, M. M., and Zanin, M. (1999). Influence of additives on the dielectric strength of high-
density polyethylene. IEEE Transactions on Dielectrics and Electrical Insulation.
6(6): 876-881.

Wu, S., Sang, H., Liu, Z. and Shen, J. (2004). Effect of Ultraviolet Irradiation on Structure and
Properties of HDPE and HDPE/STC Blends, Journal of Macromolecular Science.

1311-13109.



HNANUIN N

Han1Ineaoay



128

A o ] 1 ~Aq Y a 4 A =
AMTNN N1 AWHUIAN 9 ﬂi%iuﬂ']‘i')iﬂinﬁﬂWi!ﬂﬁEJ’L!!UJﬁ\‘WINL‘ﬂiJ

AU

=
7180L0YA

1. 9AADA3AY

2. Indyanvasan

3. vt nuudade

4. 181lnuudadhe

(J

5. mszrNlnuununaadadne

6. VU nnaadade

7. 18 nnaredadhe

(3

8. Sdrszvetlnnarenuaiedadne

9. vutlnanadadne

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

1d3)naradadhe

i lndyasessudamiaddne
yasessumeniadade
vunuudaun

1atnuudsun

o % 1 = % y
ATV NUUAUNAAIY N
yuinnaradaun
181nnaradaun

o U 1 = [ 1 y
AATzvINlnnaenualadar
TR RGRNASE RN

Id1lnaradaun

o w 9 9 a y

s lnagasesiumsaadaun

yAs0TumsAIlaauN




129

MINN N2 9ATIEIUTENINUTINM C-C @D C-H Y9IMInaAdouIsInIsiaounIga81uen

lownde
9n31eIU C-C/C-H
MuUnU | wﬁmﬂaawﬂﬁ 1 wﬁqmﬂaaumﬁ 2
ABUNATDL — — — — — —

gl | @2 | @3 | dm1 | @2 | am3

1 0.4352 0.7760 | 0.8196 | 0.3407 | 0.6905 | 0.5541 | 0.5181
2 0.4096 0.5030 | 0.2891 | 04186 | 0.7028 | 0.5082 | 0.6472
3 0.4952 0.6696 | 05134 | 04520 | 0.5665 | 0.5315 | 0.5529
4 0.4357 02609 | 03968 | 03997 | 0.6400 | 0.4733 | 0.5751
5 0.5449 0.6114 | 03348 | 04333 | 0.5661 | 0.4992 | 0.4865
6 0.5036 03431 | 03313 | 02850 | 0.5717 | 0.4939 | 0.4826
7 0.5236 03769 | 03363 | 0.2843 | 0.6872 | 0.4946 | 0.4519
8 0.4992 02641 | 0.4649 | 04914 | 07875 | 0.5839 | 0.4519
9 0.4992 03888 | 03914 | 04406 | 05156 | 0.5279 | 0.5381
10 0.4499 03610 | 03871 | 04019 | 0.5325 | 05015 | 04775
1 0.4569 02583 | 0.1347 | 03314 | 0.5839 | 0.5286 | 0.4935
12 0.5059 0.0627 | 0.4117 | 03416 | 0.5621 | 0.5094 | 0.5002
13 0.5823 03890 | 03972 | 04612 | 04527 | 04527 | 0.6611
14 0.5447 03016 | 03526 | 0.0888 | 0.6236 | 0.6379 | 0.5936
15 0.4541 03732 | 0.4097 | 03488 | 0.7298 | 05109 | 0.5637
16 0.4594 0.3495 | 0.4044 | 03820 | 0.6741 | 0.5121 | 0.5944
17 0.4519 04106 | 03355 | 0.5180 | 0.5265 | 0.5217 | 0.5018
18 0.4760 03953 | 03091 | 0.0878 | 0.6444 | 0.5378 | 0.7039
19 0.5342 03471 | 0.0826 | 03273 | 0.7197 | 0.5509 | 0.6195
20 0.4814 03903 | 02161 | 03972 | 0.5831 | 0.5627 | 0.6191
21 0.4822 0.1719 | 02219 | 03640 | 0.7681 | 0.5055 | 0.7379
22 0.4398 0.4406 | 02523 | 03425 | 04762 | 0.5586 | 0.5079
Minde 0.4848 03839 | 03542 | 03608 | 0.6184 | 0.5253 | 0.5581
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MINN N3 oAT1dIUTENINYTINM C-C Ao C-H  UoIMsNAdoUIsIn1sIaou1gale

NHAINIATIN
9n31eIU C-C/C-H
MM | nou wﬁmﬂﬁawﬂﬁ 1 wﬁ’mﬂaaumﬁ 2

nagey | fafi 1 fafi 2 7t 3 it 1 i 2 il 3

1 04352 | 05626 | 07802 | 0.8872 | 0.8787 | 0.6233 | 0.5979
2 04096 | 04693 | 04073 | 05653 | 0.8559 | 05705 | 0.7945
3 04952 | 0.6690 | 0.4287 | 04380 | 0.5989 | 05924 | 09222
4 04357 | 05344 | 05352 | 04566 | 0.6096 | 0.6379 | 0.6105
5 0.5449 | 0.5483 | 0.6548 | 0.5444 | 05999 | 07417 | 07118
6 0.5036 | 04200 | 0.4696 | 0.4601 0.6361 0.5978 | 0.6416
7 05236 | 0.5823 | 04555 | 03631 0.5893 | 0.5819 | 0.5526
8 04992 | 05754 | 07173 | 05959 | 0.6072 | 08447 | 0.7381
9 04992 | 04478 | 04560 | 04496 | 0.6750 | 06610 | 0.8364
10 04499 | 04228 | 04477 | 04359 | 05684 | 05685 | 0.6002
1 04569 | 05433 | 0.7924 | 05842 | 0.6661 0.5984 | 0.6958
12 0.5059 | 04633 | 05456 | 0.6631 0.8403 | 0.5981 0.5592
13 0.5823 | 05288 | 04390 | 05789 | 0.5889 | 07130 | 0.6885
14 0.5447 | 04532 | 04376 | 05370 | 0.5395 | 0.6870 | 0.6546
15 0.4541 0.7023 | 0.8062 | 0.6650 | 0.5395 1.0481 0.6834
16 04594 | 03721 04432 | 0.6455 | 06206 | 07176 | 0.5811
17 04519 | 04953 | 04539 | 05600 | 0.6781 0.6235 | 0.6156
18 04760 | 05645 | 08418 | 0.6598 | 0.6097 1.0940 | 0.7215
19 0.5342 | 0.5981 04518 | 04643 | 05382 | 0.7308 | 0.6010
20 04814 | 04513 | 04561 0.5607 | 0.7569 | 0.6260 | 0.7381
21 04822 | 05210 | 08324 | 06784 | 07343 | 08308 | 0.8251
22 04398 | 05137 | 03679 | 06268 | 0.6578 | 04973 | 0.6069
AunAY | 04848 | 05199 | 05555 | 05645 | 0.6540 | 0.6902 | 0.6808
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MINN N4 BadIusznINlSuna C-C o C-H 109mMINAdoUis In1sidone1ga1e29aoqu

Yunde
9A3189U C-C/C-H
AU , m‘ﬁmﬁammﬁ 1
nounAgoL — — — —

A 1 A 2 A1 3 A 4

1 0.4352 0.5034 0.5289 0.5389 0.5974
2 0.4096 0.8723 1.1448 0.9522 0.7956
3 0.4952 0.3358 0.3540 0.3616 0.5878
4 0.4357 0.4409 0.4974 0.3234 0.5550
5 0.5449 0.5480 1.2406 0.7721 0.9115
6 0.5036 0.3245 0.4025 0.3785 0.5985
7 0.5236 0.3665 04115 0.3824 0.6113
8 0.4992 0.6132 0.8471 0.4085 0.9927
9 0.4992 0.4070 0.5684 0.4662 0.5654
10 0.4499 0.4313 0.3958 0.3829 0.5202
11 0.4569 0.3913 0.3803 0.4038 0.5240
12 0.5059 0.3255 0.3674 0.3779 0.5977
13 0.5823 0.4351 0.4408 0.4809 0.5644
14 0.5447 0.3678 0.4667 0.4197 0.5153
15 0.4541 0.7110 0.6220 0.6144 1.1355
16 0.4594 0.4040 0.4608 0.3621 0.4027
17 0.4519 0.4171 0.4720 0.4575 0.4826
18 0.4760 0.6156 0.7028 0.5294 0.6505
19 0.5342 0.5246 0.4995 0.4951 0.5117
20 0.4814 0.4962 0.4988 0.4625 0.4116
21 0.4822 0.4638 0.6740 0.5215 0.5196
22 0.4398 0.3888 0.5122 0.5329 0.5828
Aunay 0.4848 0.4720 0.5677 0.4829 0.6197
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MINN N4 BadIusznINlSuna C-C o C-H 109mMINAdoUis In1sidone1ga1e29aoqu

¥ A '
UUNAD (D)

9A3189U C-C/C-H
AU , m‘ﬁmﬁammﬁ 1
nounAgoL — — — —

A 1 A 2 A 3 A 4

1 0.4352 0.6747 0.3869 0.7357 0.9169
2 0.4096 0.6934 0.5613 0.6930 0.8816
3 0.4952 0.4196 0.5852 0.6033 0.5932
4 0.4357 0.4334 0.4216 0.6224 0.7961
5 0.5449 0.4983 0.7559 0.8783 0.8710
6 0.5036 0.3553 0.6071 0.6140 0.5732
7 0.5236 0.3560 0.4464 0.6107 0.7067
8 0.4992 0.4719 1.0410 0.6756 0.7185
9 0.4992 0.4066 0.6526 0.5099 0.5724
10 0.4499 0.4165 0.4385 0.5613 0.5892
11 0.4569 0.5668 0.4905 0.6515 0.7508
12 0.5059 0.3639 0.6089 0.9649 0.5625
13 0.5823 0.4008 0.5195 0.7101 0.5035
14 0.5447 0.3230 0.4529 0.7065 0.4901
15 0.4541 0.4587 0.9459 0.6142 0.7846
16 0.4594 0.4166 0.4818 0.5699 0.6162
17 0.4519 0.3955 0.4749 0.6355 0.6426
18 0.4760 0.5647 0.9798 0.9794 0.8055
19 0.5342 0.4360 0.7495 0.6500 0.6423
20 0.4814 0.4101 0.6822 0.5617 0.5629
21 0.4822 0.4328 0.7008 0.7635 0.5284
22 0.4398 0.5393 0.5556 0.6611 0.5624
Aunay 0.4848 0.4561 0.6154 0.6806 0.6668




133

MINN N5 9ATIEIUTENINUTIE C=C Ap C-C VBININATDULITINITAOUDIGABTNON

Townde
PR3 C=C/C-C
Munue | wéﬁmaawﬂﬁ 1 wﬁqmﬁﬂwﬂﬁ 2
AIUNANDY — — — — —

@Ml | a2 | @3 | @1l | dm2 | @3

1 02527 | 0.2300 | 0.4627 | 04998 | 02514 | 0.4063
2 12179 | 1.6930 | 0.8775 | 04863 | 0.1866 | 0.3929
3 04390 | 1.1693 | 05022 | 03648 | 0.1791 | 0.2319
4 14693 | 03327 | 04927 | 0.8093 | 02889 | 0.7317
5 04070 | 2.0625 | 0.8388 | 03458 | 02953 | 0.1739
6 17361 | 19643 | 1.8966 | 04246 | 02054 | 0.2597
7 09633 | 1.8688 | 2.5526 | 0.7200 | 0.1959 | 0.2143
8 3.0105 | 09152 | 1.6796 | 0.6372 | 03503 | 0.1932
9 07843 | 09959 | 1.0703 | 0.6063 | 0.5854 | 0.3399
10 13162 | 11379 | 04690 | 02812 | 03300 | 0.1831
11 14886 | 3.4164 | 12370 | 09501 | 0.6092 | 0.1934
12 0 0.7700 | 0.7602 | 0.9436 | 02797 | 02409 | 0.2912
13 1.1144 | 09978 | 0.8050 | 0.1699 | 0.1699 | 0.6303
14 1.9556 | 03853 | 3.4201 | 04338 | 0.6728 | 0.5024
15 17638 | 0.5817 | 0.7558 | 0.6038 | 0.1268 | 0.9135
16 11610 | 13409 | 09031 | 0.5562 | 0.1629 | 0.4505
17 13799 | 0.8579 | 1.8783 | 0.1295 | 02037 | 0.1711
18 11178 | 1.6330 | 04431 | 04364 | 0.1293 | 0.5466
19 0.8448 | 04773 | 05508 | 0.5765 | 0.1787 | 0.5324
20 0.8756 | 2.7083 | 02626 | 0.6496 | 0.1485 | 0.4286
21 21233 | 1.9653 | 1.0551 | 0.8230 | 0.1194 | 0.7924
22 04695 | 12218 | 1.5176 | 0.1072 | 02924 | 0.2085
Aundy 12118 | 13053 | 1.1188 | 04951 | 02692 | 0.3995
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M3 n.6 SaTdIMIENINSIne C=C  Ae C-C  vosmsnadeuisInTidene1ud
NHANNIATIN
9n31eIU C=C/C-C
MUNUN | wéfama@mmﬁ 1 wéfama’owﬂﬁ 2
AoUNATOY ——— — — — — —

g1 | @dm2 | @3 | dml | @2 | @3

1 0.5081 | 15392 | 08915 | 1.0167 | 05520 | 15112

2 02678 | 0.1110 | 09531 | 07530 | 04483 | 1.0378

3 1.2066 | 0.0000 | 0.0809 | 03905 | 03557 | 0.5158

4 0.6375 | 0.0676 | 0.1665 | 0.5705 | 0.4105 | 0.5260

5 05774 | 0.6501 | 0.7480 | 0.6949 | 0.9456 | 0.8735

6 0.7891 | 0.0173 | 0.1544 | 08605 | 03996 | 0.6139

7 1.0038 | 0.0035 | 0.1437 | 08118 | 04302 | 0.6365

8 0.7722 | 07244 | 0.6501 | 07315 | 0.7401 | 0.9808

9 05989 | 02404 | 02489 | 1.0043 | 05189 | 0.5647
10 0.5631 | 0.0000 | 0.0421 | 0.7965 | 03266 | 0.4563
1 03684 | 05924 | 0.7550 | 0.6562 | 03543 | 0.7185
12 0 02494 | 0.1052 | 0.1753 | 0.8943 | 03684 | 0.4186
13 0.1583 | 0.0000 | 0.8047 | 03698 | 03198 | 0.8939
14 0.0795 | 0.0000 | 0.4888 | 02637 | 03562 | 0.8212
15 12583 | 0.6692 | 0.6960 | 02469 | 0.8701 | 1.1201
16 0.0000 | 0.0000 | 12405 | 0.1790 | 03761 | 0.5866
17 0.0854 | 0.1156 | 09424 | 04482 | 03388 | 0.7942

18 0.1383 | 07726 | 10116 | 03536 | 12375 | 1.0031
19 0.0928 | 0.0000 | 02670 | 03155 | 03500 | 0.6849
20 0.0115 | 0.1042 | 0.8654 | 03896 | 03007 | 0.9978
21 0.0671 | 08155 | 10733 | 03393 | 09564 | 12237
22 0.1127 | 0.000 | 0.6457 | 02369 | 04114 | 0.6342
Ande 04339 | 02967 | 05930 | 0.5601 | 05167 | 0.8006
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MINN N7 9AT1EIUTENINUTINM C=C @Ap C-C YDINIINATOVITINSITONO1GAIIIAD

Juiunde
993189U C=C/C-C
Aurins , nmadeLyAi 1
NoUNATL — — — —

a1 A 2 A 3 A 4

1 0.5691 0.4185 0.9109 0.3826
2 0.2996 0.4875 0.5217 0.3258
3 0.0780 0.1305 0.0000 0.1390
4 0.2037 0.2669 0.1050 0.1576
5 0.1518 0.6213 0.2959 0.3294
6 0.1325 0.1679 0.2120 0.1648
7 0.0030 0.1131 0.1465 0.1187
8 0.3014 0.5072 0.0837 0.3243
9 03889 0.6015 0.3853 0.2337
10 0.3090 0.0768 0.0711 0.0082
11 0.1460 0.1207 0.1637 0.0706
12 0 0.4723 0.0444 0.1924 0.2401
13 02777 02171 0.3562 0.1171
14 0.1926 0.1293 0.2051 0.0000
15 0.4443 0.3364 0.2792 0.2266
16 0.2468 0.2832 0.4813 0.0000
17 0.2822 0.2890 0.2858 0.0355
18 03172 0.4380 0.3450 0.1428
19 0.4131 03910 0.3443 0.1582
20 0.4008 0.3860 0.3242 0.0058
21 03247 0.5295 0.3804 0.0482
22 0.2723 03926 0.4563 0.1220
Minde 0.2830 03158 0.2975 0.1523
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MINN N7 9AT1EIUTENINUTINM C=C @Ap C-C YDINIINATOVITINSITONO1GAIIIAD

1 %’ A 1
UUUNAD (AD)

8M3187U C=C/C-C

v

AU . naanadougan 2
noUNAADL — — — —

A 1 a7 2 M 3 A 4

1 0.3346 0.1767 0.4321 0.3646
2 0.4885 0.2004 0.3265 0.4432
3 0.0342 0.0567 0.1569 0.2687
4 0.0000 0.0000 0.1482 0.4352
5 0.0000 0.1844 0.1828 0.3058
6 0.0000 0.1651 0.1532 0.2264
7 0.0000 0.0900 0.1652 0.2045
8 0.0516 0.1494 0.1206 0.1361
9 0.0714 03352 0.2506 0.3662
10 0.0000 0.0298 0.1147 0.1890
11 0.0838 0.0485 0.1140 0.2339
12 0 0.0000 0.2420 0.2496 0.1249
13 0.0000 0.1811 0.1547 0.0630
14 0.0000 0.0000 0.0606 0.0489
15 0.0000 0.1441 0.1330 0.1179
16 0.0000 0.0978 0.0939 0.1249
17 0.0000 0.0320 0.0551 0.1888
18 0.0388 0.1965 0.2097 0.1274
19 0.0000 0.2220 0.1053 0.1448
20 0.0000 0.1870 0.0515 0.0268
21 0.0000 0.2780 0.1938 0.0404
22 0.1188 0.2805 0.1213 0.1080
Aundy 0.0555 0.1499 0.1633 0.1950
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MINN 1.8 BATIEIUTENINUTIIB C=0 AD C-C YBINMINATDULITINITAOUDIGABTNON

Townde
9M31eIU C=0/C-C
Munue | wéﬁmaawﬂﬁ 1 wﬁqmﬁﬂwﬂﬁ 2
AIUNANDY — — — — —

@Ml | a2 | @3 | @1l | dm2 | @3

1 0.0000 | 0.0000 | 0.0690 | 0.0824 | 0.0810 | 0.0469
2 0.1249 | 0.0929 | 0.0211 | 0.1200 | 0.0540 | 0.1131
3 0.0567 | 0.0398 | 0.0000 | 0.0377 | 0.0288 | 0.0124
4 04782 | 0.0882 | 0.1107 | 0.0817 | 0.0338 | 0.0869
5 0.0005 | 0.0634 | 0.0642 | 0.0469 | 0.0000 | 0.0000
6 03378 | 0.1209 | 0.0988 | 0.0699 | 0.0330 | 0.0379
7 0.1787 | 0.0930 | 0.0910 | 0.1014 | 0.0265 | 0.0238
8 0.0000 | 0.1338 | 0.0625 | 0.0787 | 0.0192 | 0.0154
9 0.1333 | 0.0916 | 0.1052 | 0.0543 | 0.0220 | 0.0134
10 0.1763 | 0.0902 | 0.0378 | 0.0244 | 0.0129 | 0.0128
11 02660 | 0.1430 | 0.0209 | 0.0196 | 0.0058 | 0.0121
12 0 0.3415 | 0.0830 | 0.0759 | 0.0000 | 0.0211 | 0.0034
13 0.1628 | 0.0715 | 0.0627 | 0.0133 | 0.0133 | 0.0728
14 0.1619 | 0.0066 | 0.0000 | 0.0322 | 0.0701 | 0.0385
15 0.1235 | 0.0961 | 0.0563 | 0.0673 | 0.0000 | 0.1222
16 0.1478 | 0.0938 | 0.0620 | 0.0676 | 0.0005 | 0.0474
17 0.1384 | 0.0560 | 0.0380 | 0.0353 | 0.0073 | 0.0100
18 0.1173 | 0.1149 | 0.0396 | 0.0624 | 0.0000 | 0.0713
19 0.1364 | 03098 | 0.0734 | 0.0311 | 0.0046 | 0.0543
20 0.1097 | 0.1329 | 0.0619 | 0.0354 | 0.0029 | 0.0319
21 03986 | 0.1016 | 0.1200 | 0.0704 | 0.0014 | 0.0686
22 0.0000 | 0.0085 | 0.0000 | 0.0590 | 0.0318 | 0.0000
Aundy 0.1632 | 0.0923 | 0.0578 | 0.0541 | 0.0214 | 0.0407
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MINN N9 AT1dIUTEHINYTUU C=0 @0 C-C  YDINTNATOULTINTIADUD1YAY

NHANNIATIN
9M31eIU C=0/C-C
aunue | wéﬁmaawﬂﬁ 1 wﬁqmﬁﬂwﬂﬁ 2
AIUNANDY — — — — —

@Ml | a2 | @3 | @1l | dm2 | @3

1 0.1124 | 0.0740 | 0.0827 | 0.1432 | 0.0978 | 0.2612
2 0.0209 | 0.0112 | 0.0956 | 0.0309 | 0.0747 | 0.1013
3 0.0336 | 0.0000 | 0.0003 | 0.0482 | 0.0263 | 0.0583
4 0.0590 | 0.0442 | 0.0452 | 0.0294 | 0.0493 | 0.0931
5 0.1455 | 0.0390 | 0.1472 | 0.0107 | 0.0552 | 0.0817
6 0.2456 | 0.0894 | 0.0747 | 0.0825 | 0.0632 | 0.1172
7 0.1299 | 0.0421 | 0.0753 | 0.0756 | 0.0783 | 0.0749
8 0.1341 | 0.0604 | 0.1196 | 0.0673 | 0.0665 | 0.1567
9 0.1174 | 0.0993 | 0.0353 | 0.0678 | 0.0428 | 0.0516
10 0.0996 | 0.0357 | 0.0227 | 0.0412 | 0.0390 | 0.0778
11 0.1451 | 0.0648 | 0.1547 | 0.0729 | 0.0468 | 0.0891
12 0 0.0780 | 0.0474 | 0.0285 | 0.0215 | 0.0252 | 0.0373
13 0.0586 | 0.0000 | 0.0785 | 0.0886 | 0.0467 | 0.1020
14 0.0522 | 0.0000 | 0.0445 | 0.0035 | 0.0386 | 0.0620
15 0.0210 | 0.0385 | 0.0674 | 0.0027 | 0.0343 | 0.1387
16 0.0000 | 0.0035 | 0.0496 | 0.0113 | 0.0412 | 0.0462
17 0.0008 | 0.0158 | 0.0968 | 0.0625 | 0.0571 | 0.0821
18 0.0726 | 0.0436 | 0.1050 | 0.0424 | 0.0449 | 0.1439
19 0.0379 | 0.0383 | 0.0260 | 0.0463 | 0.0443 | 0.1007
20 0.0686 | 0.0448 | 0.0885 | 0.0355 | 0.0323 | 0.1363
21 0.0877 | 0.0746 | 0.1063 | 0.0718 | 0.0712 | 0.1453
22 0.0595 | 0.0223 | 0.0239 | 0.0000 | 0.0000 | 0.0614
Aundy 0.0809 | 0.0404 | 0.0713 | 0.0480 | 0.0489 | 0.1008
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[ U

MINN N.10 OATIEIUTLHINUTIIA C=0 A C-C YDININATDVITINTITONDIYAIAD

9
o

i unie
9931891 C=0/C-C
AU , nmadeLyAi 1
NoUNATL — — — —

a1 A 2 A 3 A 4

1 0.1486 0.1161 0.2469 0.0379
2 0.0413 0.1749 0.1666 0.1134
3 0.0000 0.0216 0.0000 0.0000
4 0.0000 0.0619 0.0105 0.0000
5 0.0000 0.1088 0.0468 0.0209
6 0.0415 0.0464 0.0362 0.0254
7 0.0106 0.0175 0.0353 0.0398
8 0.0472 0.0988 0.0130 0.0311
9 0.0363 0.1066 0.0206 0.0041
10 0.0936 0.0166 0.0008 0.0186
11 0.0465 0.0254 0.0075 0.0053
12 0 0.1408 0.0089 0.0586 0.0337
13 0.0398 0.0380 0.0666 0.0150
14 0.0095 0.0000 0.0250 0.0000
15 0.0469 0.1271 0.0355 0.0473
16 0.0559 0.0983 0.0943 0.0541
17 0.0553 0.0783 0.0463 0.0389
18 0.0573 0.1384 0.0506 0.0836
19 0.1117 0.0718 0.0719 0.0863
20 0.0898 0.0574 0.0534 0.0133
21 0.0632 0.0922 0.0569 0.0174
22 0.0383 0.0855 0.0382 0.0090
Minde 0.0534 0.0723 0.0537 0.0316
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MINN N.10 OATIEIUTLHINUTII C=0 A C-C YDININATDVITINITONDIYAI0AD
oy

A 1
UUUNAD (AD)

q

9A3189U C=0/C-C
AU , m‘ﬁmﬁawﬂﬁ 1
nounAgoL — — — —

A 1 A 2 A 3 A 4

1 0.1777 0.1747 0.1708 0.0780
2 0.4083 0.0767 0.1164 0.2372
3 0.0422 0.0000 0.0037 0.0158
4 0.0215 0.0170 0.0138 0.0661
5 0.0000 0.0726 0.0476 0.0821
6 0.0000 0.0557 0.0424 0.0449
7 0.0189 0.0402 0.0246 0.0456
8 0.1181 0.1007 0.0488 0.0301
9 0.0000 0.0841 0.0023 0.0150
10 0.0134 0.0301 0.0126 0.0321
11 0.1211 0.0189 0.0325 0.0663
12 0 0.2907 0.0068 0.0311 0.0499
13 0.0159 0.0491 0.0250 0.0123
14 0.0000 0.0000 0.0000 0.0000
15 0.0000 0.0189 0.0000 0.0178
16 0.0462 0.0062 0.0067 0.0142
17 0.0680 0.0259 0.0080 0.0169
18 0.0898 0.0658 0.0592 0.0551
19 0.0094 0.0441 0.0157 0.0243
20 0.0000 0.0436 0.0068 0.0000
21 0.0172 0.0601 0.0311 0.0000
22 0.0672 0.0535 0.0000 0.0000
Aunay 0.0693 0.0475 0.0318 0.0411
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Invitation to Bid No. :

Specification No. : RINS-001/2549

(& Material,  equipment, and  specifications for ~ HIGH-DENSITY

POLYETHYLENE CABLE SPACER

C1  General material and packing instructions

Additional to the general instructions, the following shall be observed :

1a Scope

These specifications cover cable spacer for use with aluminium spaced aerial cables.

1b Standard
The cable spacers shall be tested in accordance with the latest ANSI Standard,

ASTM, IEC, or equivalent; unless otherwise specified in these specifications.

le Principal requirement

le.l  General
The cable spacer shall be made of track-resistant high-density polyethylene which
suitable for using in the tropical climatic area.
Each cable spacer shall be furnished with snap ties or other ties and accessories
for securing cables. .

The snap ties shall be made of ultra-violet resistant polyurethane material or better

which suitable for exposure to sunlight.

Form No. 04-3.1/11.05
Page 1 of 8
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The cable spacer shall have the following ratings in Table 1.

Table 1
Rated voltage, line to line kv 33
Low-frequency withstand voltage dry kV/1 min 70
wet kV/10 sec 50
Low-frequency flashover voltage dry kv 90
wet kV 65
Critical impulse flashover voltage Pos. kV 130
Neg kV 150 -
Ultimate mechanical-stréngth N 8,000
Phase to phase mm > 240
spacing “C”
Dimension “H” mm <75

Form No. 04-5.1/11.05
Page 2 of 8
I
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le.2

lc.3

- 3 -
Marking
Each cable spacer shall be marked legibly and durably, as follows :
(1) Manufacturer’s name and/or Trade-mark.
(2) Month and Year of manufacture.
(3) PEA’s tmde-rﬁark, as the figure shown.

(4) Others according to manufacturer’s design.
Each snap tie shall be marked legibly and durably, as follows :
(1) Manufacturer’s name and/or Trade-mark.

(2) Month and Year of manufacture.

Tests and test reports

The cable spacers shall have successfully passed the tests in accordance with the

applicable standards, as follows :

le.3.1  The design tests for the cable spacer shall be performed in accordance
with the following
- Ultimate mechanical-strength test. -
- Low-frequency dry withstand voltage test.
- Low-frequency wet withstand voltage test.
- Low-frequency dry flashover voltage test.
- Low-frequency wet flashover voltage test.

- Critical impulse flashover voltage tests, positive and negative.

1¢.3.2  The snap ties shall have successfully passed test by independent testing
Laboratories in accordance with the applicable standards. All test shall
be consisted of at least the following items:
- hardness
- density
- tensile strength
- tear strength
- elongation at break

= compression set

Form No. 04-5.1/11.05

Page 3 of 8
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1¢.3.3 Quality conformance tests
- Low-frequency dry flashover voltage test.
- Low-frequency wet flashover voltage test.
- Ultimate mechanical-strength test.

lc.3.4 Routine tests
According to manufacturer’s standard.

The cost of all tests and test reports shall be borne by the Contractor.

lc.3.5 Acceptance tests
- Visual and dimensional tests.
- Low-frequency dry flashover voltage test.
- Ultimate mechanical-strength test.
- Snap tie securing.

- Long term dead weight test.

1d Packing
One (1) piece of cable spacer and three (3) pieces of snap ties (or other ties) shall
be packed in a transparent plastic bag.
One hundred (100) bags shall be packed in a suitable crate or wooden case.

Each crate or wooden case shall have the following dimensions :

- Length  : 90 cm, approximately
- Width ~ : 120 cm, approximately
- Height ~ : 90 cm, approximately

The crate or wooden case shall be designed to be movable by a forklift truck in
such a manner that the truck's forks can be inserted at any side of the bottom of

the crate or wooden case.

If the crate or wooden case is made of rubber wood (Yang-para or Heavea

brasiliensis) the wooden parts shall be treated with wood preservative.

Form No. 04-5.1/11.05
Page 4 of 8
11




146

C2  Material and packing data to be given by bidder
For each item offered, the following details shall be submitted.

2a Cable spacer & Accessories details
2a.1  Cable spacer

Manufacturer’s name and/or trade-mark.
Type or Catalogue No. .
Drawing with dimensions, in mm .
Kind of material.
Suggested voltage application, in kV .
Ultimate mechanical-strength, in N .
Low-frequency dry withstand voltage, in kV.,
Low-frequency wet withstand voltage, in kV.
Low-frequency dry flashover voltage, in kV .
Low-frequency wet flashover voltage, in kV .
Critical impulse flashover voltage positive, in kV .

Critical impulse flashover voltage negative, inkV .

2a.2  Snap ties (or other ties)
Type or Catalogue No. .
Drawing with dimensions, in mm .
Kind of material.
Ultimate mechanical-strength, in N,

2a.3  Marking method

Form No. 04-5.1/11.03
Page 5 of 8
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2b Packing details
Packing method.
Number of cable spacers in one packag?.
Dimensions of each package, in cm .
Gross weight of each package, in kg .
Net weight of each package in, kg .

Number of packages.

If serveral packages are contained in one big case, further details are

required :

Number of packages in each case.
Dimensions of each case, in cm .
Volume of each case, in m.
Gross weight of each case, in kg .

Number of cases.

Form No. 04-5.1/11.05
Page 6 of 8 -
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Notes : Conditions for documentation and consideration

1. The Bidders have to submit, the sufficient references describing the previous
experience of the manufacture (e.g. list of supply of equipment and/or materials
having the same or similar design as proposed, field exprience, the registration of
TISI, the copies of license, and/or the inspection to supplier's factory by PEA's
inspectors, etc.) to the satisfaction of PEA.

2. Tests, test reports, and samples.

2.1 Design tests. I
2.1.1 The design tests of high-density polyethylene cable spacers shall be

conducted at the acknowledged independent testing laboratory.

)
—
[}

Bidders, who have never submitted the design test reports, have to submit
the test reports either prior to receipt of bids or within fifteen (15) calendar
days of the bid closing date, for saving bid consideration time. The Item
offered without submitting the tests reports may be rejected.
2.1.3 The above design tests may be omitted if a record of tests made on
identical ones can be supplied.

2.2 Quality conformance tests reports and Routine test reports shall be submitted at
the time of delivery.

2.3 The Bidders who have never supplied the cable spacers and snap ties to PEA,
should supply five (5) sets of the cable spacers and snap ties for each Item to PEA
either prior to rclccipl of bids or within fifteen (15) days counted from the bid
closing date, otherwise the Item offered without submitting the samples may be
rejected. The samples shall not be returned, unless otherwise specified in  C3
Schedule of detailed requirement.

2.4 PEA reserves the right to have the test(s) on the samples which shall be performed
by the third party, in Bangkok; and the costs of all test(s) and reports shall be
borne by the Bidders.

Form No. 04-5.1/11.05
Page 7 of 8
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3. Guarantee ”

3.1 The Bidders who offer the cable spacers and snap ties have to guaranfee the
quality for five (5) years from the date of issuance of the notice of acceptance (in
case of purchase under JBIC conditions) or five (5) years commencing from the
date PEA receive the above-mentioned cable spacers and snap ties (in case of
purchase under PEA conditions).

The cable spacer and snap ties which were manufactured and kept for more than
six (6) months shall not be delivered to PEA; otherwise they shall be rejected.

3.2 During the guarantee period, the Contractor shall replace the defective cable
spacers and snap ties for free of charge or shall pay an amount equal to the exact
purchasing value for the defective quantity of the cable spacers and snap ties, and
the contractor shall pay for cost of installation of new cable spacer at 70 Bahts per

set, within 30 days from the date of receiving notice from PEA.

4. Qualification of the bidder
The Bidders can offer the cable spacers of high-density polyethylene type only the
ones which already prior approve of Long Term Dead Weight Test (see the

attached sheet) from PEA, if not, they shall be rejected .

Form No. 04-5.1/11.05
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Long Term Dead Weight Test .

for high-density polyethylene cable spacer

1. Test procedure

Two (2) cable spacers (samples) will be installed similar to the actual circumstance in open air.
Each phase of samples is hung with weight of 72-79 kg.
The sum of total weight in hanging is equal to 227 kg (500 Ibs) * 5%.

The diagram of installing is shown below.

Ll i

W, W,, and W, = 72-79 kg (159-174 Ib)

W+ W, + W, =227 kg (500 Ib) £ 5%

The test shall be done for a period of sixty (60) days.

2. Test evaluation

The samples shall be considered to have passed the test if there is no sign of crack or breakage as the

result of the test .

3&4-RINS-001
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ASSEMBLY NO. 3913

mMsfinfualas Uisasslwaafutuaouany
POLYETHYLENE CABLE SPACER INSTALLATION WI"H CROSSARM

i1 Orni- e ———ig 10 -

1 1€ 10mb

-t € 10mi—]
RIAVANRINALT BUTR 50 RN,

(5 U NUDULMRMURS I I"I'ﬂﬂ y]
STEEL STRANDED WIRE, 50 mm?
(SAG SHALL BE FOLLOWING TO PEA STANDARD)

st e e

A903: I.imﬁ
SEE DETAIL

\ |
/@;

ASuR=3UA
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Ageing Deterioration of High-Density Polyethylene
Cable Spacer under Salt Water Dip Wheel Test

P. Kaewchanthuek, R. Rawonghad, B. Marungsri

Abstract—This paper presents the experimental results of high-
density polyethylene cable spacers for 22 kV distribution systems
under salt water dip wheel test based on IEC 62217. The strength of
anti-tracking and anti-erosion of cable spacer surface was studied in
this study. During the test, dry band arc and corona discharge were
observed on cable spacer surface. After 30,000 cycles of salt water
dip wheel test, obviously surface erosion and tracking were observed
especially on the ground end. Chemical analysis results by fourier
transforms infrared spectroscopy showed chemical changed from
oxidation and carbonization reaction on tested cable spacer.
Increasing of C=0 and C=C bonds confirmed occurrence of these
reactions.

Keywords—Cable spacer, HDPE, ageing of cable spacer, salt
water dip wheel test.

I. INTRODUCTION

ESENTLY, high-density polyethylene (HDPE) cable

spacer has been widely used in power transmission and
distribution system. HDPE cable spacers have advantages of
low cost, light weight and low electric field stress when
comparing with the ceramic type. After long time in service,
surface of HDPE cable spacer became inferior and dust was
accumulated. Cable spacer would be cleaned by rain
difficultly. As a result, leakage current was undesirably
increased and electrical insulation characteristics of cable
spacer were decreased. There were several reasons for cable
spacer deteriorations such as manufacturing processes,
material selections, and product designs. Another important
factor was the service environment such as tropical climate
and high UV intensity [1]-[4].

Basically, the problem of high electric-field concentration
on the contact points between the covered conductor
and spacer or ties cannot be controlled. This problem has been
studied by [5]-[7]. Performances of cable space have been
evaluated by many researchers [4], [8]-10]

Numbers of HDPE cable spacer were use in distribution
system of Provincial Electricity Authority of Thailand (PEA)
and Metropolitan Electricity Authority of Thailand (MEA).
Damaged cable spacers during service were reported by these
clectric utilities [3]. However, no ageing characteristic of
HDPE cable spacer were studied in Thailand. By this reason,
this paper reports the experimental study on ageing
deterioration of high-density polyethylene cable spacer for 22

P. Kaewchanthuek and R. Rawonghad are graduate student in Suaranaree
University of Technology, Nakhon Ratchasima, 30000, Thailand

B. Marungsri is with Suaranaree University of Technology, Nakhon
Raitchasima, 30000, Thailand. (Comesponding author, phone: +66 4422 4366
fax: +66 4422 4601; email: bmshvee @ sut.ac.th).

kV PEA distribution system in Thailand under salt water dip
wheel test.

11 TEST ARRANGEMENTS

A. Specimen

Polymer cable spacers made of high-density polyethylene
by injection molding for 22 kV PEA distribution system were
used in this study. Configuration and dimension of specimen
are illustrated in Fig. 1. As illustrated in Fig. 1, leakage
distance between phase A to ground and between phase B to
ground is approximately 310mm.

Trunk

480 mm

440 mm

Fig. 1 Configuration and dimensions of specimen

B. Test Arrangement

Four items of cable spacers were installed on the wheel as
shown in Fig. 2. Only two phases near ground end were
energized. Voltage was energized via stainless rods and
stainless sphere as shown in Fig. 3

HY cnergized

Fig. 2 Specimen installation

31
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Fig. 3 Voltage Energized via Stainless Rod and Stainless Sphere
C. Test Method

Test methods for salt water dip wheel test were based on
IEC 62217 [11]. Test was conducted continuously for 30,000
cycles. As illustrated in Fig. 2, one test cycle takes time 192
second and includes 4 test positions, energized, de-energized,
salt water dip and 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.

D.Test Conditions

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

TABLEI
TEST CONDITIONS
AC 15kV continuously applied
48.4 V/imm
1.4 kg/mE 0.06 kg/m3
30,000 cycles

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

III.  EXPERIMENTAL RESULTS AND DISCUSSION

A. Visual Observation

During test, many discharge activities were observed. Dry
band arc and corona discharge were often observed on the
ground end, trunk and energized end. Especially on the ground
end was observed severe arcing. Yellow light paths indicate
dry band arcing and purple light indicate corona discharges
[12] as show in Fig. 4. This phenomenon caused ageing
deterioration on surface of HDPE cable spacer.

After 30,000 tests cycles, damaged surface of tested cable
spacers was observed. Tracking and erosion occurred on tested
specimen surface. Severe surface erosion was observed on the
ground end portion, near ground end and trunk between sheds
near ground end, as illustrated in Fig. 5.

1, Electronic Science and Engineering Vol:8 No:5, 2014

Dry|Band Arc

. Ground Ead

. Near Ground End

4. Energized Enc

Fig. 5 Tracking and Erosion After Tested [Specimen 4]

B. Contamination Degree

Contamination degree was determined by measuring salt
deposit density (SDD). The measurement procedures were
based on TEC 60507 [13]. After 30,000 tests cycles, SDD
measurement results on the whole surface of each specimen as
shown in Table II. No difference contamination degree was
measured.

TABLEII
SDD AFTER 30,000 TEST CYCLES
SDD, mglem®
Specimen | Specimen 2 Specimen 3 Specimen 4
0.0130 0.0139 0.0143 0.0130

732
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C.ATR-FTIR Analysis Result

In order to confirmed surface ageing, chemical analysis by
ATR-FTIR (attenuated total reflection fourier transform
infrared spectroscopy) was conducted to evaluate any
chemical change on tested specimen. For HDPE, C-H bonds at
wave number 2916, 2847 and 1462 cm-1 indicate side chain
and C-C bonds at wave number 720 cm-1 indicates back bone
of polyethylene molecule [14]-[15]. Position on tested
specimen surface for chemical analysis is shown in Fig. 6.

Appearance of C=0 bond at wave number 1,745cm” and
C=C bond at wave number 1,630cm™ indicates the occurrence
of Oxidation and Carbonization, respectively. As illustrated in
Fig. 7, reduction in C-H bond and C-C bond were observed on
all tested specimens when comparing with new specimen. In
contrast, increasing in C=0 bond and C=C bond were
observed on all tested specimens. Ratio of C=0 bond and C-C
bond is illustrated in Fig. 8. And ratio of C=C bond and C-C
bond is illustrated in Fig. 9

Fig. 6 Position for ATR-FTIR analysis
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Fig. 7 ATR-FTIR analysis result [Position 1]
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Fig. 9 Ratio of C=C/C-C

IV. CONCLUSION

Ageing deterioration of high-density polyethylene cable
spacer under salt water dip wheel test based on IEC 62217
have been studied. After 30,000 test cycles, surface tracking
and ground end erosion were observed on the specimen
surface. Dry band arc discharge and corona discharge caused
surface damaging of the tested specimen surface, Salt deposit
density of tested specimen surface less than 0.02 mg/em? was
measured. ATR-FTIR analysis results confirm the difference
in degree of surface deterioration of HDPE cable spacer under
the salt water dip wheel test.
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