) I8 ¥ 48  Acta Phys. Sin.

Vol. 63, No. 17 (2014) 177701

B E PR A KCH IR

Reesl HRE AL

N

(M RV TR RS T LR A8, LR M DT S FE R 08 F e s S0 =8, MUKV 150080)

(201441 A 22 HUH; 2014 4 5 A 9 HIEME IR )

ik FELR R AR I R R AL R S A ZA R R REM E S8 —. I (PP) MBS R &,
HA 2R AR 2] RS ERFEMA A BB, RSO PP I B ) PP ARFEREAT 1 A AR B AL 1 fiE
S I RO RS (PLM) & 22 7R 3 & #0E (DSC) 2 M I UL R 1T 5 PP (45 25 45 i B DL S 45
s 45 A0S FUAR S AR AR AR IR M. DUAR F T 1 b R 00 A XS 1 Y LSOO =5 B Ak, 0 A A 2B Y
ISR S VAT 20 B, 1 L 0 A R B B AR . AR A5 AR 4h AR AT AR
R ELPERE, EESLADRL PR B I 20 AT T SR RLDLET B B 2R P TR RS AR R B R R 3 A 1 L,
S T R BEGEIE [ 3h F)E AR, RIT T RO EAE PP 45 S5 A I B B U A K R

KR BB, RIM (PP), 1%, 371

PACS: 77.22.Jp, 77.84.]d, 82.20.Fd, 83.80.Ab

1 58 =

KA (PP) th T+ H AL 5 148 5 VE BE i = iR
PERE A AL 2 TR R RE, O — MR T Z R &
WA ZARL (ARSI ESNKE T,
o A AT T A G2 A, BRAAE & s
Y U N D00 RS 7 A T AR e
BRI SEGEE IEEAL, 2 — PSR R IR A AT
WIS, P H N LR SN A G v [k
ABF I St S AR ar. H AR T3
RELA R R B B AR AR 1Y 52 B0 A LR
19— R et e 7100 T B A R 45 A R I AE
WL RESREMET 4, R K B2 [
R L M0 AR F T AT PR

PP Oy SR 45 i B S, 4 XA AR
DA R > T HEHES LB RE AN, E S (AR
T Ak e A e 2 S 10 XA AR
P ARAAG R AR, SN T AR A K A BOE AT BE AL
PE. SRE VIG5 5 2 de T 2 AN ER i RO 3t it

DOTI: 10.7498/aps.63.177701

HUR B AR B A RO s 7200 @i N
IS PP HISE SIS G5 SR, T
A KL HL B AP RE, 0 PP 7E oy e 28 25 080N T
A B ARSCE R I R AT A AN A K B
Ao, MRAEAH F T E I REXT F R B K AT 22 DR Bl
1 U5k s A A K AT R0 22 43 #, AR T
T B 2D R R A TR ARRAE (29 0 2 5 L
Sy A R B R AR BEAT B 05 0 M, BT T
BAE PP A K 35 2 e 43 70 A1 R I 1) P9 AE AL,
TR UL IR = PP i FE R B AL RE RO EE AT T
B

2 REERE R A RAE
2.1 AEEHIF R Gk

) F e s VR 1) 7 v i 4 4l R TR A (Z230s) 1K
FE (PP) 5N A% 7 (CA202) IR A #5186 (PP-
CA202), K H PR AL (XLB 25-D) ¥ LR 5
(64 RE e il 52 56 BT 7 3R RE. SR FH A AR AR R
GuREAT R R 51 R S, R FR K S kv

[ 5% R LR AU R S R (ki 5 2012CB723308) FER H 4R B3 4 (HEHES: 51077029) ¥ B AL

T IEMEE . E-mail: x__ hzhang2002@hrbust.edu.cn
© 2014 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

177701-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.177701
http://wulixb.iphy.ac.cn

) I8 % 4R Acta Phys. Sin.

Vol. 63, No. 17 (2014) 177701

F I F R ~3 pm BB E N EF LR, £ AR
HLWE 2 [ BE 853 mm. ZEEFH B iEinT kv
AL 240 mindF AT R EL 1) 51 R 5 AR K SR,
g PR 38 B30 AME v — 2. I i o 2 4B
(PLM, Leica DM2500P ) SR 1) 25 ST 25 K H
R AR K B TOM AR, SR FH 22 7R A Rl B VX (DSC,
METTLER-TOLEDO DSC-1) il & i N il 4% 751 B
JE PR 4G i AR AL

2.2 EMRHKERS 4R

FEL B A 1 K B R T2 44 5T AR AE H B A 1)
AR, 2 % PP AT PP-CA202 34 H A A K
F&E Fe o FEHEBOIAT it o bt 45 BRI K B R0 4
TEHEBH A AR, t0l 1 FTon. PP A1 PP-CA202
R LA 8] 264 T 51 R A A K BEYE o A A
JIT 22 5, PP AR s AL 1) 2 3 A7 £E 150—400
um Z (8], P E N 308 pm. I BAZ T B PP-
CA202 i H 1) B AR R K B 49 A /N T 46 PP sl
PR (R JBE 20 A 7E 140290 wm 2 [/, P38 K
9235 wm, T HHR R K B 2 AT 1 4 UM A B
.

Gy AR R AT DL s B 1 3R AE H R A 1) 45 RO RRAE,
T b 6T BB A 2 T 4R R T B, RT DAAS ) s A 1
2 A3 IMEFAE P SR MATLAB % 2, X PP Al
PP-CA202 UFf 1) AR A UG 34T T o TR 4R
THE, PP-CA202 5URE A Fa s B R 1 v & 4 T 4
BB AE 1.5 245, 1 PP aeE o e A S 1 4>
BT B N 1.2, & 0 R 4E 5010 4% = it
FL B A 7 AR T S I B AR R Y B BRI S
2 HI PP-CA202 B I ARG 4546 78 75 00 %% 1T

522 i PP I PP-CA202 BRE Hh v b A K 5 143
TELERUIN A3 AR AE T LU ) 76 PPARFE R FE K T
W& LI 7 1) AR KK P K IR 0 T 4 5301 r AR
£, TMAE PP-CA202 15 A i B B AR KK BEAR X
W, Hoamqeouin.

2.0

500 —0- %ﬂi‘*ﬁ‘&gﬁiﬁ
—O— T4 i 18
£ 400 390 1.75
= 116 ﬁ
% 300 290 g\‘§
ol % 142] 14 ®
T 200
R 156§ 1.26 149 )
L 41
100 1.15
0 1.0
PP PP-CA202

E1 PP K PP-CA202 H BB B4 B Ao JE 4E 550 43 A
HEAE

2.3 HEMRESEMEEKEEZ

4fi PP A1 PP-CA202 180 A 4L 28 1) v v A 45 44
B, anfE 2 B, 4l PP R i) R R H% 7 1A
ERKEHI R, BARSMWESA. AREEE T
FIEEAK, BN, TR T 1Tk
BOIR PB4 PP-CA202 3R A Hh () H b A5 45 1)
FAXT S A%, BEARSE /AR A3 A0 T AR 2. FAR RV L)
J7 ey A A 2l K B AR B, Tl b I e
WS, TR T A RA IR 126) e b A

HT PP EX 5 ERX 4 ZES, fEH
WE T K 2 i A 2 B A Bk R A AR K
W 3 Fros. WY BR S SR K AR R A T B
AR BRACBETE, TT3E N BR 5 N 5 F R F )

K2 MMEEMESHEG  (a) PP; (b) PP-CA202

177701-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 63, No. 17 (2014) 177701

B3 AR R A A K PLM &

T3 T A G 18 ELAE & X P KV B AL T, o
DX e £ Fi AR 2 I HH AR I IR TS P71 Bk
FIS ) LA A 2R B — s R R A 2 I R ER B 2
RATER B IA A A, KR 73 AR B 7 B 2 B
GRILER S BRI AR K HE RS, PR s AL
AR S PP ER SRS 2B 2 85 S 10 2
R

3 R EKNE

3.1 ERRERIARNE

HRHE Mason 2 XU 5L, 2EIRFE BT R F Al AL
JR I3 58 20 108—10° V/m, 75X Ff & H g1
FIF, PP A& P31 752 30 B3 1 s 4 B T
RNIH . BRI TR TR A 2 DL oy
T C—CHRIBR, (B2 58z 3) M E 157
TFHAH EAE A SR T IRsh I, 53U RE AR
C—H 2B W3, S0 3% H i T B, R
PR JR 8 EEL P £ [ SR 30 o A SR A R A A B8
M % T BB R E . RIS 22 R B 76
KA F R HAR A IR B B B PP 4 R AE BRI
I FEAERR AR Y . AL A A AR L 72, PP A
HI B A2 R T 8™ A2 T M T I8 B BN R L ) X
AW s X B JR 3 T R ot X P B R P S, RS SR
T DX SR AR 3 i, G P 4 (a) FELR A 2R 2R K R
B, R AR T S X R X A 2
FLBRY A 2 K IR ) 25 2% A FTF JE R R A 11T )5 PP
T 2R AEBRAG ) B B B o, e A0 F g Rt
PP 48244 R I #0IE AR A 52

GE)=H—-ST—-FE-P=H— ST —¢yxE?,
AG(E) = GA(E) — Go(E)

= AH —TAS — AlggxE?), (1)

Hrb GRRHAMWIE HAE, H &R, SR,
T Rk R TR, ThR AFIC o3 AR R
R IX FEE B X, B, P, eo # x 48 B Rk
FT T 1 R 3 3 R L R A R L B A LR
HOANRALZE. PP A s R R AR K A 8 R IR
A S RO AR, Bl (1) AT AN A 2k R I B
TN L3 A v B A T R S I RN AR T T A
LR EL. AN FL S 0) #7027 BB 7 1 1 P A B2 43 A,
HL 7 iR PR TR SRR R DX A e R A e (B Al
SREE) K, H AR AG FILaXHE K, [H A
HL7 i BB, TR AR IR Sl e A N RO,
T 5 PP o 7 HEA BLAEH S BUA R IR T &, B
WA AR 2 ST B R T B A R RV PP X
Z AV R & DX AL 2 (Wil 4 (b)), FTLLE AR
P ELHE A0 X/l i DX SR T FER A / i [X 5
THT DA B B A /A & X ST B e 22 IR AR AL i
AG(E) = AH — TAS — A(egxE?) + Ao (E),
Ac(E)=A(F-L)—A(E-P) + 0y
+ 03 — 01, (2)

N, o Ron FHiH B H1RE, Pr v Jt AL = e
SRIE, FANL o) M 3RoR S N SR RAE. oy, o Al
o3 73 A9 PP i X /AR & X 51 S HOR AR / s DX 5 T
AR B /A X 5 T R A 5 B g, T 4h
TN R 37 0 T 3 M AR PR AR Y e e [ R A
I PECAE SR BT, 54052 B o) S 45 1) T8 38 i 3
BUH F 17 823 RN AR AR L S T DA 2 Y, B RA AT
LN S0 e 37 6F 5T 82 73 40 8L A2 AT L, T
LN A 01, o9 Mlog 5NN TER. BT PPER
AR o1 > 0, B (2) ZUAT R A B E K R
(1 HREIR DN, B SR I 2 RSN 7), Ui B

177701-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 17 (2014) 177701

MR RAE PP o s X /e X AR K R
WE 3 s, teah, T RS X H A X R4 5 B
Ae H — ST HAK (=% H Mz, MaEs X S R
TimX), PR BB AE KR B e oy > o3,
JIT UL H R A A AR A T e X AS S i XA 8 48
e gA . DRt H R R I8 R A T AR X /R A X AR
TF 1A HE X R A 2 S4B HE& X,
B4 (b) . o T s bR A DL X /3
X G0 Ak A7 A 2 [ ey R ER T T B F TH ARAL 2, P
PL Ao ZHLI E BIBREL

SHIHI3

L 2

S22

4 PRI A OB SR RS PLM EG
(a) M E AR ALK R BB (B 19 PP g X /4R A X
Frim, F 2 R R/ X, S 3 9 R B/ AR
DX FHHD); (b) FHE BRSBTS 1 PLM 8%

3.2 HWMKEKMHNE

Xt B EE R Ao B R SRR I =, B
PR IE R T ARSI IO BRI AL, T3
(RIE A £ R BT W, 1 ST R A R
LU S A WEREUR T o i 5 5 X
AT AT R ) B SRR A5 DL SR S L 37 0 A 1

DU R PO FERI MR EAE TR, S 0IX AR
AWK, BSOS E O, EAOULRY A
J&, IE A T TR A5 H B R B A DX k. AR
¥& Ding 58X R4 f i R R BRI SUE K
1A I, ) s R R ST SO R £ A MR T
CLIEIS V53R 5 P B R ok i e B0 e —
AN E AR A K BE A Ly, TR AL (8 S AROUL A 2
KEFEIR N

X _ | (aGe—Uy
a PR )
w
=Ly — ¢ = neE?
o=Lu(5e) G et ()

b, X OO AR KR, (w/2m) i i
TR FHAEIR, o Fom 5REVM R 2 7k
EHRIPERESEL, G RS 5K I B TR 1
HHLAE, e 2 U B, B R MR B R IR 3 55
JZ, ¢ BRI LME RS, Uy Roan RS 1L
fE, k RBURRZHFH, TRRERBIIFRIEL.
JiRE(3) 5t T 5 I TR AR O A H AR BZE R
B 2E R s b S i A T T8 20—t e Y
R0y, BN AR % to = 0, HLHAR T 6] 04
too = t, WURT A5 B LE ¢ IR [R] A 4 0 S0 S5 X0 £ 22

K&

w ameE?c — Uy
RPN EANNEL R P

HIJ7 % (4) AT LAFE HE HUR A A — 52 (I 8] P A A
FRE, STRSUNEREMR. FERAUN R AL
52 BURPRL N S A AN RSB 3 58 L E Y. PP
LR A S R G, A XA E i X 23
THEHR IR & Rma LA S eI VR RS 20 7 Ak
BT IBEN GO, B AR I WA &5 K v Jey 8 e
WS P B WA 22 5. MRS PP b 45 i DORER & X
PRSP IR X 53] (FRBLAR XA o B 28 2 P
HBFER I AA), K COMSOL H A X #4
(¥ R L 37 A AT O FUE B, TR RA R 5 B
. B EAT 5 R R = A X AARE A
R BB R LA, 15 X IAR R A R A 25 i X
T (BB 43 ARG X, T EEBUE IR IR AE R
s L 37 58 E (R A A DL, AR RE UK T 4 IX
ARSI RS, BB 5 7T LA, PP ARG X 1 H
Y5 W v T A A X, T ELAE R Y S AR A7 A
W TR SRR B AR TR (4) o I ROU R AL
(A 5 A R A ) Sk 3 988 R AR O AR T
1, T AR DR I SR P R e, L RCAE AR

177701-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 63, No. 17 (2014) 177701

AR AR E R T RX, X583 1mas R
R AR I 98 50 A (1 Ry n] ARSI, AR A K
ERIFIR T PIAR TR AL, 110 5 KR 2 A 1 R s X
AR FiAh, I A 07 FE AT BLE A
UL T AR [FIAR X 2 52w b4 kL A o8 = 38 i 37
MIop A, ZEFRAL T ARSE da XN, BHRITE B =%
G e E5 K 5 N TR 4 e - A e e P B B 7
A IV BB B L R S~ 2 A AR 2
DX AR PR 1=l i X B PRI K.

K5 (MTEG) MENBEGSAEE  (a) $HRAT
AEARIX (b) #HORALT BRI A 78
4 Dissado 25 B (1) 80 55 9 2218 BL KX Ku-
do B2 36 T B AR AL 43 T ARFAE RO, AR B P R K
AT LARE A P AN T SR SR UK 1 1) 90 T2 75 PR BB L A
LSO UR NS ER ORS8N AR S gt i 2 3= 0P T
ARAE HLARA (K 20 T A4, R I AR AT DA e
BRI K KT L 570 TR 485 Dy 45
X = (L/Ln)™, (5)

X, Ly, AHTE SR SO R APE R ST IRYE T 72
(4) 5772 (5) AT 75 2 HUM B B 55 I 1) B 73 T 4

1/Dy
_ o[ omeBPe — Uy
L=1L, {<2n>exp< T
x ¢4/ Pr, (6)

H 7 #2 (6) o CLE 78— 2 BB P, H R A 1)
KK E S R I 58 B IS A 1 T
AR UL SRR RE AR O, Bk vl 0, A RO AE K
K I SRy 3 EE b B B8 0 R b RS A BE R RN B
YaEC RN, 5 A ) o T 4 oK AR K
KRN, B PP AR R AR AR AR KK S T 4
LIS R 57 (6) BB g AL, 7R E
FE, PR R I 5 B A B S,
e
2V

E= @+ arfry @)
A, V =7 kV RERTREERINERE, r =3
um AE AR ELAR ) 2R, R = 3 mm NEHR
B2 B IR ES. ac FHHITE R T PP A TG AL AR AR
AV HisE 133

AV

~ oneE?’
MR A i 5h J1 15 A BE IR 25 3 134 2 Ak st (]
5ma2 BFIR R, i[5

Uo/kT = 73.65 + In a. 9)

EHE AT = 300 K, L, = 10 pm, w/21 =
6.25 x 10'2 Hz, ¢ = 2.25 x 8.85 x 1072 F/m,
¢ = 100 A. PP} PP-CA202 ik Kt o o B & 24F K
K5 AR S Ie 45 5772 (6) BRI TR 45
R 6 Fros.

ac AV =27x10727J.  (8)

300 g —o— JHELER
A —— PP
280 —e— PP-CA202
. !
=5

1 1 1 1 1 1 1 1
1.0 1.1 12 1.3 14 15 1.6 1.7 1.8 1.9
SrHEL

FI6  HURPBE KA 5 AR R NS0 4 K

A2

BV BERY ( TH 545 R 5 AR R A K i SE IR 4
REABAFH— 2, SR h R T 4R

177701-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 17 (2014) 177701

K, Hs 07 A K KRN, PP-CA202 i
PRI SERR 25 R 5 B THE 2 RBOVRT &, 1 PPk
PRI SEIR &G R S BB TR A R — 2 MW £
FARI B 73 4E 55T, PPARKE o AR B I FiL 3 7 [
AR L ER A ER, XA T PP AAR
KRBT RO, T HURR A o 7 R 2 F AR 1 it
LRI, DT 55 PRAR A AR f) T B4R 2 M 22

3.3 WIS PP it B iR AL M &

5 PP iRFE AR EE I B 5 PP-CA202 30
5| R IR FLR A W L3 T ALK B R DS, 6 R
£, IYEESE . A IS T PP EA
(K BK & 25 0, i &5 i ROF s/ HAR 9538 —,
7 . DSC gl B R A SCR B PP At
FEISh 5 B 44.2%, NN A G 1) PP-CA202
TFE 45 5 P T & 49.6%, A I N 75 45
oo JERE T 5.4%. 4 ah A5 A I AH A0 R &5 B ) 4
=, SEINT PP AR 2 5 A S AR AR 1 ST
FE. R RE A I 08 T B B R IRE
i X /AE R IX A K s i A K 2 X

K7 S&4&EWHPLMEE  (a) PPiREE; (b) PP-
CA202 itHt
% THI B 2= 23 SR A 7 T T el o ST X ARG, S
JEE I vy 28 0 T R AR A K R X T AR (R

BN Y AR A B ) B R RS HL 3 T
) A=A T BE g, DU FE AR [R] ) L BBl 0 46 AT, FR
PRI HL 37 7 T R 2 AR AR R dl /I T A2 A B AR
AR [ I T i RURE PR D/ A 45 o B P B v
/N T PP E HARER, TN 7 BT B
IR Re EAE TR, AR TEM T THEY 5K
TSI BB HL AR G © BRAIC. AR AR A 2R K
fIsh 7122 J5 RE (6) HHMEKE S G 2R AR,
G© A/NEES T IR - B E A 13l ) 2 R Eh 1
AL DRI I BAZ B AS T PP S5 A,
A LAERE PP TN F R B AL TR RE.

4 % #

HFHTE B RE B AE AR A R AR B AT R
20BN 77, B RATHYE PP dnlX /AR
XA AR KA. R EGER L T PP X /4R dh
DX S T80 1T 1 A o X R SR, A 2% o 0 AR it X
JRs S 2 B R FE S I IR ST B R
e, XM EBIE SRR A EEER. LA RERE
Py 4 i DX 5 S b DX 5 0 225 SR 5 T R P 3 )
3795 B o A, AR XEE S R XA T R
Yy iR, XAEAFAE AR X AR R A R A K
)77, L PP R B8 I8 £ B R AR a X AE K
AR T8 5 B 1 H BUMR B K 3 2 00 A,
75 20 7 FEAEBUEOR 1 i B L3 7 T AR TR
FERN, B BE 5 7 TR 4E ok R I R T 45
RE LA R AAA B — Bk, e A T
I3 FEHE RO (1 B g AR AR AR 20 A B 5 B,
{H PP Bl i KBRS 45 (A7 AE, FRAR T AR R
FER > FEAE RS v I S5 SR BN T AR S A, (T 53 4
PRSI 45 A TS, A% IS PP (145
s JOST IR0, 65 it FEERTAR T P56 B2 v, 3 o FL AR
B 3775 AR R RIBL), A2 — @R L 4] 1
LR VA LA T TR ARG

S0k

[1] Li D, Hu HY 2014 Acta Phys. Sin. 63 117701 (in Chi-
nese) [Z5F}, #HME = 2014 #EEAR 63 117701]

[2] Kim W J, Kim S H, Kim H J, Cho J W, Lee J S, Lee H
G 2013 IEEFE Trans. Appl. Supercond. 23 5401704

[3] Liu F D, Yang BT, Tu D M, Liu Y N 1992 Acta Phys.
Sin. 41 333 (in Chinese) [XIf14#, # i, BEE, XI#EE
1992 Y3 2E4R 41 333]

177701-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/abstract/abstract59456.shtml
http://dx.doi.org/10.1109/TASC.2013.2244158
http://wulixb.iphy.ac.cn/CN/abstract/abstract4742.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract4742.shtml

¥ 12 Z R Acta Phys. Sin.

Vol. 63,

No. 17 (2014) 177701

(5]

[6]

[12]
[13]

[14]

[15]

Uehara H, Kudo K 2011 IEEE Trans. Dielectr. Electr.
Insul. 18 162

Liao R J, Zhou T C, Liu L, Zhou Q 2011 Proceedings of
the CSEE 31 136 (in Chinese) [B¥i4:, ARE, X, F
I 2011 W EEHL TSR 31 136

Chi X H, Gao J G, Guo J H Zheng G W, Zhang X H 3013
Annual Report Conference on Electrical Insulation and
Dielectric Phenomena Shenzhen, China, October 2023,
2013 p5 27

Saad M H I, Ahmad M H, Arief Y Z, Ahmad H, Mo-
hamed Piah M A 2013 Jurnal Teknologi 64 103

Wu K, Dissado L A 2005 Dtelectr. Electr. Insul 12 655
Wu J D, lizuka T, Monden K, Tanaka T 2012 [EEFE
Trans. Dielectr. Electr. Insul 19 312

Ding H Z, Varlow B R 2005 IEEE Trans. Dielectr. Elec-
tr. 12 81

Chen X R, Xu Y, Liu 'Y, Cao X L 2012 Acta Phys. Sin.
61 087701 (in Chinese) [FfRI%€, f&FH, XI5, HHEEh 2012
VAR 61 087701]

LiuY, Cao X L 2013 IEEE Trans. Dielectr. Electr. Insul
20 1691

Zhang H, Shang Y, Zhao H, Han B Z, Li Z S 2013 J.
Mol. Model. 19 3035

Yao J L, An Z L, Mao M J, Zhang Y W, Xia Z F 2010
Acta Phys. Sin. 59 6508 (in Chinese) [#hfR2%, % IRIE,
B, skia X, ZihfE 2010 MB 2L 59 6508]

Gao J G, Zhang H, Li L L, Zhang J, Guo N, Zhang X
H 2013 Acta Polym. Sin. 1 126 (in Chinese) [mifRH, 7k
5%, ZENNIN, Tk, 369¢, dKkBEIT 2013 F4 TR 1 126)
Siegrist T, Jost P, Volker H, Woda M, Merkelbach P,
Schlockermann C, Wuttig M 2011 Nat. Mater. 10 202
Gao J G, Hu H T, Zheng J, Yu L, Zhang X H 2010 Insul.
Mater. 43 47 (in Chinese) [=12 H, Sig¥, A, arfl,
FKIRAT 2010 284Kl 43 47)

Zhao L, Su J C, Pan Y F, Zhang X B 2012 Chin. Phys.
B 21 033102

Li S T, Huang Q F, Sun J, Zhang T, Li J Y 2010 Acta
Phys. Sin. 59 422 (in Chinese) [Zp¥4, A%, FMiE, 7k
h, ZEHIE 2010 PPRIEAR 59 422]

[20]

(21]

22]

[24]

[25]

177701-7

Zheng X Q, Xie A S, Li S T 2007 Acta Phys. Sin. 56
5490 (in Chinese) [AIBeSR, W%, 2Rk 2007 Y ER
56 5490]

Qureshi M I, Malik N H, Al-Arainy A A 2011 J. King
Saud Univer. Eng. Sci. 23 43

Fothergill J. C, Dissado L A, Sweeney P J J 1994 IEEE
Trans. Dielectr. Electr. Insul 1 474

Liao R J, Zhou T C, Liu L, Zhou Q, Wang K 2012 Tran-
s. Chin. Electrotechn. Soc. 27 63 (in Chinese) [ 4z,
AR, X, B, 0] 2012 B THARYHR 27 63)
Zhang X H, Chi X H, Gao J G, Wang W 2013 Trans.
Chin. Electrotechn. Soc. 28 14 (in Chinese) [FKIBeHL, iR
Wesr, mRIE, T4F 2013 L TH AR 28 14]

Li ST, Zheng X Q 2006 Polymer Electrical Treeing (Bei-
jing: China Machine Press) p3 (in Chinese) [Z=&¥%,
BeSR 2006 AP FBREAL (Abat: HUBRCML L) 26 3 7]
Chen X R, Xu Y, Cao X L, Dodd S J, Dissado L. A 2011
IEEE Trans. Dielectr. Electr. Insul 18 847

Schurch R, Rowland S. M, Withers P J 2012 IEEE Inter-
national Conference on In Imaging Systems and Tech-
niques Manchester, UK, July 16-17 2012 p4 09
Champion J V, Dodd S J 2001 J. Phys. D: Appl. Phys.
34 1235

Xie A S, Li S T, Zheng X Q 2008 Acta Phys. Sin. 57
3828 (in Chinese) [WIZ¢4E, 4 a5¥F, AHEIR 2008 PPREAEAR
57 3828]

Ding H Z, Xing X S, Zhu H S 1994 J. Phys. D: Appl.
Phys. 27 591

Fothergill J C, Dissado L A, Sweeney P J J 1994 IEEE
Trans. Dielectr. Electr. Insul. 1 474

Kudo K 1998 IEEE Trans. Dielectr. Electr. Insul. 5 713
Crine J P 1997 IEEE Trans. Dielectr. Electr. Insul. 4
487

Ding C, He H, Xue F, Guo B C, Jia D M 2006 Acta
Polym. Sin. 3 377 (in Chinese) [T ##, {2, BEg, 35
&, FEIR 2006 =515k 3 377)


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1109/TDEI.2011.5704506
http://dx.doi.org/10.1109/TDEI.2011.5704506
http://118.145.16.217/magsci/article/article?id=17928992
http://118.145.16.217/magsci/article/article?id=17928992
http://dx.doi.org/10.1109/TDEI.2005.1511091
http://dx.doi.org/10.1109/TDEI.2012.6148533
http://dx.doi.org/10.1109/TDEI.2012.6148533
http://dx.doi.org/10.1109/TDEI.2005.1394018
http://dx.doi.org/10.1109/TDEI.2005.1394018
http://wulixb.iphy.ac.cn/CN/abstract/abstract47973.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract47973.shtml
http://dx.doi.org/10.1109/TDEI.2013.6633699
http://dx.doi.org/10.1109/TDEI.2013.6633699
http://118.145.16.217/magsci/article/article?id=18664159
http://118.145.16.217/magsci/article/article?id=18664159
http://wulixb.iphy.ac.cn/CN/abstract/abstract17442.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract17442.shtml
http://118.145.16.217/magsci/article/article?id=17934458
http://dx.doi.org/10.1038/nmat2934
http://dx.doi.org/10.1088/1674-1056/21/3/033102
http://dx.doi.org/10.1088/1674-1056/21/3/033102
http://wulixb.iphy.ac.cn/CN/abstract/abstract16161.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract16161.shtml
http://dx.doi.org/10.1016/j.jksues.2010.01.002
http://dx.doi.org/10.1016/j.jksues.2010.01.002
http://dx.doi.org/10.1109/94.300291
http://dx.doi.org/10.1109/94.300291
http://dx.doi.org/10.1109/TDEI.2011.5931074
http://dx.doi.org/10.1109/TDEI.2011.5931074
http://dx.doi.org/10.1088/0022-3727/34/8/314
http://dx.doi.org/10.1088/0022-3727/34/8/314
http://wulixb.iphy.ac.cn/CN/abstract/abstract14349.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract14349.shtml
http://dx.doi.org/10.1088/0022-3727/27/3/026
http://dx.doi.org/10.1088/0022-3727/27/3/026
http://dx.doi.org/10.1109/94.300291
http://dx.doi.org/10.1109/94.300291
http://dx.doi.org/10.1109/94.729694
http://dx.doi.org/10.1109/94.625641
http://dx.doi.org/10.1109/94.625641
http://118.145.16.217/magsci/article/article?id=6514483
http://118.145.16.217/magsci/article/article?id=6514483

) I8 % 48 Acta Phys. Sin. Vol. 63, No. 17 (2014) 177701

The mechanism of electrical treeing propagation in
polypropylene*

Chi Xiao-Hong Gao Jun-Guo Zheng Jie Zhang Xiao-Hong!

(Key Laboratory of Engineering Dielectrics and Its Application, Ministry of Education, College of Electrical and Electronic
Engineering, Harbin University of Science and Technology, Harbin 150080, China)

( Received 22 January 2014; revised manuscript received 9 May 2014 )

Abstract

Growth property of electrical treeing is an important parameter to evaluate the insulation performance of a polymer.
The complex non-uniform state of aggregation structure determines the electrical treeing growth in polypropylene (PP),
a typical semi-crystalline polymer. In this paper, the electric treeing resistance property experiments for PP as well as
the PP sample with nucleating agents are carried out. Effects of crystal shape, crystallinity, and crystalline structure on
the electrical treeing growth characteristics in PP and PP with nucleating agents have been analyzed using polarized light
microscopy (PLM) and differential scanning calorimetry (DSC). Thermodynamic and dynamic mechanisms of electrical
treeing propagation are represented respectively by the thermodynamically driven action of phase interfacial free energy
and the discharge-avalanche theory, demonstrating the essential role of electric field distribution in electrical treeing
growth. According to physical properties of crystalline phase and amorphous phase in semi-crystalline materials, a
computational model of interior electric field distribution has been established to simulate local electric field distribution
in the polymer material under needle-plate electrode configuration, and used to analyze the characteristics of electrical
treeing channel growing along the grain boundary in semi-crystalline materials. Inhibition effects of crystalline structure

changed due to the nucleating agents on electrical treeing growth along the electric field direction are investigated.
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