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Table 1:1 Glass transition temperature
for various polymers.3®

Specimen Tg (°C)
Polyethylene -20
Polystyrene 100
P.V.C. 700100
PMMA 105

——
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Temperature (°C)

Fig. 1-4 Young's modulus as a function of
temperature for various polymers.
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Fig. 2°21 Temperature dependence of electric strength in tree
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Fig. 2-.22 Process of tree initiation.
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BB > L X0HER, BROR»BERMJERET—RMI4A TLY) » 7
THEDIITLTIT » 7o

§ 3.3 EBRERH L VKR

<3.3.1> £4 FORWEAD M) —DMU

(a) Py —DBUOBREREY

HMEBEE 14KV BT B O EHHES Figd3 -4 ITRT, K T#HO MY —
DHTIZ, BEBRBHHANORRKEITH L, ARPDO T a v b Uik GRE—ZH
TOSEORKOEZEERD LTS,

80°C({PE)
60°C(PE)

PVC(S) / PVC (H)

rPS
25°C

applied

voltage:14Kv/ 80°C

0 * Ll

1 10 102

Application time of voltage (sec)

Cap length: 2mm

Fig. 3+4 Growth characteristics of tree.
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Fig. 3-5 Microscopic photographs of tree shapes in PS.
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Fig. 3:6 Microscopic photographs of tree shapes in PE.
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Fig. 3-8 Growth characteristics of tree in PE.
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Table 4:1 Tree shapes for various conditions

Applied| Continuous 320ms 1280ms 2560ms

voltage| voltage 50(70 (100 | 50|70 100|200 }100]200|300
10KV Bu Tr{Tr | Tr | Tr|Tr | Tr | Tr Tr| Tr| Tr
12 Bu Bu|Bu| Bu | Tr|{Tr | Tr | Bu Tr| Tr| Tr
14 Ch Bu|Bu| Ch| Tr |Tr | Bu| Bu Tr| Tr| Bu
16 Ch Ch|Ch| Ch| Tr|Tr | Bu| Bu Tr| Tr| Bu

Tr: Tree-1like, Bu: Bush-like Ch: Chestnut-like
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Table 5-1 Aspects of 1light from discharges in
cavity and tree observed through

‘ microscope.
Discharge| Speci- Air N, He 0, Cco,
position |men STorr [760Torr**[ 760 | 760 760 [ 760
Cavity EPOXY | Cor*? Cor Cor | Cor| Cor | Cor
PMMA Cor Cor Cor | Cor| Cor | Cor
Tree EPOXY | Arc*? Cor Arc | Arc| Cor | Cor
DPMMA Arc Cor Cor | Cor| Cor | Cor

x1: Vented cavity
x2: Cor(Corona-like discharge)
x3: Arc(Tiny arc-like discharge
or scintillation-like discharge)
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Fig. 5+8 Photographs of tree observed
through microscope. (x200)
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Fig. 59 Growth characteristics of tree in epoxy resin.



PMMA OHIMEBEE 12KV K3 b)Y —OHEBEHE Fig.5-101CRT,
He ,002,05,N;, HE KA F(WFTNE T60Torr) OFRBAKBBET TOR
FIRBEZ NN 15~200BELE L -THEORYEL, BXK (5Torr )OBEKY
RTH9EBIBICHES TOBBRELL > TS,

ZDEHILELL 5Torr OKETH OB S, TRFVHIEOREORREL
BWICHBEDRROLH>IKEZ N B,

WTFNOBEAKOKEDBTICHEOCKREMRBEEZETL, a0 F ouBid
m¥ 3EMART S, PMMA TR M) —BARTRELLKEES MY — 0%k
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Fig. 5+10 Growth characteristics of tree in PMMA.

— 107 —



R, TRFUEIETOLEARLLI 7 v -7 Do REVLIAVGH 2 &
LTSF, N, 0, (WFNET60Torr) 2B, 2NSICHBT 20T TR
MOBHBHELE RS IERE Fig - 1LICRT, HIMEBEA FRLTH MY —
MICC X3 STy, Ny O DMAALICEALIBIEC, SFH>N>0,,H T b, i h,
NV ZFEEDABERIT (D) TRNE LD, 14KV OEAICIE ST < Np<K 0, &
DRMNEEDH O, SV ZREDAEROZ OIS T T ORI R O fin A fF
Do O TCORBOMW X NICHE L TRKEL W -TED, PUMA OEEHHD
HEERIEFR—~ENL TS, COFERELTE, 0084 H 2 LKKADHTIH
LIBWDOT Y —ABZERESLD, 2OME 20 REEL, PMMA BT 5%
LD REBERELAR LD EEL O L,

(2 bY - BZANKHT ZICET S Y —OROHHEA Fig.5-
12(a) ,(b) WKRT, BL (5Torr ) TF PMMA OBADIEDEONEIREZD
FROHRBEMNS 0, T, 2RFYRIETERA MBS chEns L7

105 |
- \T
; \ SFs (760TorT)
E B \()(\ N2(760TOTI'J
i |
[}
A
I | C,B
+ [ ]
P - 0, |
(760Torr) O
ﬁ A
z !
o .
© 10 Epoxy resin |
| Cavity depth: 2mm 4\\
6L | | ’n
14 16 18

Applied voltage (kV)

Fig. 5-11 Relation between applied
voltage and time to breakdown.
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(a) EX(N2) (b) PMMA(N:)
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0.5V/div, 0.5ps/div

Fig. 5+13 Waveform of corona pulse.
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Fig. 5-15 Variation of discharge repetition rate
in PMMA.
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Fig. 516 Variation of discharge repetition rate in
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Fig. 5-17 Relation between growth of tree and Q-n.
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XTI RFUVMIFOBEORLEFHBO FRRE L TOLOELEDHRE H T 7
D, TOMOFRELTHELAVF —FEBEZOoNX DI THbBL, BRIC
MOPY = C1pmlF) OBBCRKET»VF -—HKESEML, BEHEAS
BICIOREDBINT 2 L5205, COEIBWEAD SRD LS SEER
2IT18 - 1,

ToRF YRR RR & LT, EBEHCEYIA Yooz (1L 40ms ) A 15
my 22 ECEDEFRL pm LTOM MY —% 0.8 m FRALE THRA IS,
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HIEI8KVIMEL A VF —%2HMT 270 14KV LG L) 28N 72,
ZOHRB0DEAEFMO Y~y TH R Fouigidl LToa o+ REHE
L, zORICHERBLA M) —O0FERE BRI ENLIZ0IEHL, MOE&R
FAFERMAETCRaerRTHL0, Ml b Y —ORIBRTIHNT — 278D
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Table 5+2 Values of o and B

Materials o B
Air EPOXY 3.42 2.15x10°®
(60 Torr)| PMMA 2.87 1.50x10°8
EPOXY 2.94 2.65x10°
N2 PMMA 2.52 | 3.60x10°
Q, PMMA 2.62 1.90x10°
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Fig. 5-18 Growth characteristics of tree in mixed gas of N, and O:.
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Table 6°1 Calculated values of increase of
temperature in PE.

V (KV) f(Hz) t(sec)* T(°C)
( ) :Emax
4.5 3000 | 183 1110
(3.1 MV/cm) | 10000 73 540
50 | 110 578
300 50 773
>-0 1000 15 24.0
(3.4 MV/cm) 3000 0.8 73.5
10000 0.25 7.0
50 17 71
6.0 300 1.1 0.8
(4.1 MV/cm) 1000 0.2 0.5
7.0 50 5.0 0.8
(4.8 MV/cm) 300 0.75 0.8

x: Application time of voltage
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Fig. 6-7 Process of tree intiation in PE without cavity.
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Fig. 6:8 Process of tree initiation in PE with cavity.
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Fig. 6+9 Growth characteristics of tree in PE without
cavity.
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Fig. 6'10 Voltage dependence of growth of tree in
PE without cavity.
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Fig. 6-11 Shapes of tree in PE without a cavity.
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Fig. 6-12 Shapes of tree in PE without a cavity.
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Fig. 6-14 Voltage dependence of growth of tree in PE with
cavity.

Table 6:2 Values of X and n

vV (KV) K n
7 0.10 0.25
8 0.14 0.26
9 0.13 0.33
10% 0.38 0.22
11*% 0.65 0.19

x* 50Hz < f < 1kHz
#% 50Hz < £ < 300H:z

nNEhoff FH LT

nmean:O.ZB (6'6)
—F, K LHMEFEV ORI
K=190x10°". v*+° (6-7)
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Fig. 6:15 Relation between frequency and growth of ‘tree in
PE with cavity.
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Applied voltage: 9KV
Frequency: 10KHz

Fig. 6-16 Microscopic Photographs of
cavity and tree melted by
discharge energy.
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Fig. 7-3 Waveform of applied voltage.
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7:6(a) Testing circuit of piece test.
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7-6(b) Structure of water end.
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TEMHIMO 13KV EE V214 7Ty 2 258G EFEBOEIDN 100 (A) 2# 2
Ll S AT Y rOREEERBL TEM Lk 3 ( )RONNNV ZEEDA
EBAMREIEL 0 ES L TEMI N BE& I~ v R ARG E LB
HPIFTHEHBE L 1L DO NV RAEER TS L, MEFHER 80ms 3E,
1200ms fRik, V=13KV OoHE4H

14(80ms BRI D 0 2Fs ) x LIS — 575 (ppg)

Table 71 HOFKERHL L, BOLBICHAREMIC I ABELEDLN TWNnE, TOC
Lt b, EEEEIM T AHHERENTHEROMTRARETO LRSI TR S,
Fig77 CZxOBEDODELEW 7~ ¥

<7.3.2> THEHNTOIuF+ 2Fy> = rtE

FBRENTOL - AT A MCLVHRBRE L EFBTCLI2BHHEICEELE
EHRFO LN AN E, BIVTHEARATOLY - 25 2 MERD L, KM X
NN ZAHBUEDREPHELIC EAT A b, 5|8 DWTIHBARTO
v ZAF YL =L SEEERL L,

(a) EEHEEE, 2B

Fig78 Wamt 2y = YHNEFENBMERT, $/Fig7-9C 2w F
AFx L =L SRBEBOBMEL RS BEBEBRER 33 om KB KEANDLT 2
YNt TEEE10m THho

Table 7.1 Result of piece test.

Intermittent applied voltage method | Continuous ap-
ta: 80ms, ta: 145ms, plied voltage
tr: 1200ms tr: 1135ms method

V(KV)| Qmax (pC)|PPS (>2pC)|Qmax | PPS Qmax PPS
5 0 0 0 0 0 0
10 0 0 0 0 0 0
13 10 14 (175)

15 36 69(862) 27 1 228(1573)

20 58 288(3600) 52 | 486(3353)
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Applied voltage; 20KV, ta:80ms

Fig. 7-7 Applied voltage wgveform

6600V

T,: 1¢ regulator, 6600V/3300V *..3300V, 100kVA
T,,T3: Pole trans., 200V/6600V, 20kVA

Ty: Testing trans., 6600V/200kV, 200kVA

Tr: TRIAC, BCR 150A, 200V, 150A

R : Water resistance (500kQ)

Cs: Coupling condenser (2000pF)

Vp,AL: Voltmeter, Amperemeter of low voltage side
Vh: Voltmeter of high voltage side

Fig. 7-8 C(Corona scanning circuit.
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Fig. 7-9 Schematic diagram of corona scanning.

(b) =zZwFrzxvyo =& kK
RREF—-ALRA V2 SEEBET VR LABIETHEL Zo
1) ALFEA FDOVERR
6.6KVYy — 7 AT, EERTHISKVEEI Tan T 7)) -Tdhed5ED

EREBOEFRAELLEEL T, WKVEE  Can i3 EETLLISCCOY

—TraTe=s —AVTF —TEENTALEA VEIED o
@7 —7nNZ2EFxrL =2 SOREHE
V-NVFVEORAF YL =L SEBCIEEACHREINTAE L2 D TTFig
TORFEFT LoICHHmE (FFH ) C—EREL O R ICHHZDFALKRA ¥
B Lo % EBTHEMt EMEL, v=L X v EH LR,
QRN LD 2 4 X
MNE 2 4 X & LT’
© HEBrZ L REED off ORETES 2p0 © AEHOAHAZLE 7 4
ZHFFFE L oo
@ 7 -7nNERHAOE -4 -FFHILLH L, 10pC~50pc BEORKE
BORBRANE 7 4 XHFEEL 2o
@ v -V VEATERE-%-%2EkL7LELTIC/ 3~T4C /s DOFHS
B, A X0 FE Lo B /A XELELT 214 Ty 20 LEBEBERERICH
HILKRER /4 X8 RE Lz 0O/ A XFRBEFO FRICHE> THES
fEEh L %o
(4) v ZFE FOR
EiE @LOVAN 1 ZBHFELE L DD /A XOEER LT D HEELL
— 153 —



T
@ AKX V&2PHEBEERLL TN ER (H15m)ck i, 7 -
TNEBROFABRERAT RS PR 1 mEALRESL ORI 2 4 X0 28 %
5HRIE Lk (TONNAEE ned +5 )
@ ATFA YR BEEBOER 30m OB XZFEAL D5 BEEIE L
oo (TONRNAENETH)
@ MESsLP,=(N-n)(l5)Xb, "r2®gEEHERD L
Zd, PPS HEMICHBE L B0V AREEH T Ao §7%4 D Table 72 H
DOHMER 15KV, SRERM 9210ms OFHH
PPS =Py (10005, ) =185 x ( 100055 ) =880 & 7 %o
BEFERE - 2T 2 OHELSEEBETE S,
Table 72 WEFNZFNOEEEE LT ARKMNEERN EHEE "V 2BOE
hEFmdo

<7.3.3> MREFEHFRXROEH

MABHEARNOFEHME T LOAERDOIITCHBo

(1) ZAYFL 7T ELTHAIATYIEnH3BUEBREPFALTWLDT,
BT 2 RETLLEDLLZVWOTAFY Y =L ZYORERR K L,

(2) MRFEEHMORERE 20ms~1000ms 2 THHTLLDIBESCH LT

) RERMEEL WD, HEOALLENBEELT S,
(4) ZEORKEVW I I 4Ty 225 TCHALEBEELRB LN Ao

) BBRAZERO 1 RA* Fig7-10 0L S+ AT ElCLbh, FhFns
LTAOMAEMS LOREBEE4BAICENTE L, COBAREMT, T, 35
BEDBZTNZENV, VL% A0 T7%b bLEH RICAFTICHE RREAN, FORMIC
NI4T Y 2 FSALLZAB CHBETOMICHE 514 7Y 204 — M 50Hz
R L le "V 2FB5HA Y, Ré RPELFIEIBIRE & % v EFERKRD LTV,
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Table 7-2

Experimental results of

corona scanning

15KV v m/m 21 12 6 5 5
ta, Q(pC) 47 45 40 | 44 42 40 47 50 46
210ms -
tr Pn 185 | 132 | 131 | 245 | 273 | 284 | 269 325| 266
b
1070ms | PPS 880 | 628 | 623 1156 | 1304 | 1356 | 1280 | 1547 | 1266
15KV v m/m 21 11 5.2
ta, Q(pC) 41 44 32 45 38 42 44 43 42
145ms
r Pn 180 | 127 | 108 | 225 | 198 | 222| 222 198 191
1135ms | PPS  |1242 | 876 | 745 | 1552 | 1366 | 1531 | 1531 | 1366 | 1317
15KV v m/m 21 10.5 [10.5 | 11.5] 5.1| 4.9 4.6
ta, Q(pQ) 30 40 32 36 38 35 42 43 40
80ms
r Pn 47 43 | 110 97 37 72 90 99| 188
’
1200ms | PPS 583 | 537 1375|1212 | 462 | 900 | 1125| 1237 2350
15KV v n/m 21 14 {12.7 {11.3| 6.5 5.6
Conti- | qgpey | 38 | 37 39| 42| 37| 4s| a3
nuous
PPS 592 | 501 1337 | 1786 | 1450 | 2061 | 1932
8KV v m/m 21 12
Conti- | opey | 16 | 17 | 20[18.5 |18.5
nuous
PPS 107 45 76 | 176 | 196
8KV v m/m [26.2 [25.3 |24.8 22 21 13.1 11.3| 10.2
ta, Q(pC) 7 7 6 6| 5.2 51 5.5
145ms -
Pn 6 8 | 17 29 33 52 58 6
tr,
1135ms PPS 41 ss | 117 | 200 | 227 358 | 400| 41
8KV v m/m 24.6 22
ta, Q(pC) 4 5 4 6| 3.5
80ms
Pn 7 7 64 18 11
tr,
1200ms PPS 87 87 800 | 225 | 137

v; Cable velocity,

Pn: No. of discharge pulse measured during application time of

voltage (ta).

Q; maximum discharge quantity,
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Fig. 7:10 Testing circuit and applied voltage waveform.
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