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Research on Dynamic Electric Field Calculation Method Based on APDL and GUI

FENG Liangliang, NAN Zhenle, ZHANG Yanchao, WANG Xi
(Xi’an XD High Voltage Switchgear Co., Ltd., Xi’an 710077, China)

Abstract: It is very import and severe test to switch the capacitive current for circuit breaker. Flow condition of the
gas in arcing extinguishing chamber is little influence on the switching current because the capacitive switching cur-
rent is too low, and the switching process can be approximately no-load condition. Therefore, it is of great engineer-
ing significance to calculate the dynamic electric field distribution of circuit breakers when switching capacitive
small current. Combining the construction characteristics of the circuit-breaker, the method has been given that dy-
namic electric field of arcing extinguishing chamber, in the switching process the capacitive switching current, is
simulated by APDL and GUI. The key technology, including simulation model for dynamic electric field, dynamic
datum model, max values fetch of electric field intensity for key parts, and plotting curve by APDL and GUI, are re-
searched. By these key technologies, it can complete dynamic electric field simulation and get the tendency of the
max values of electric field intensity for key parts. Finally, there is a typical live tank circuit-breaker, as an exam-
ple, by the method, it has completed dynamic electric field simulation and plotted the curve of the changes of elec-
tric field intensity for every key parts, and then it can be used to judge if it is requirement of design. This method has
high efficiency and universal property; it can guide the design for high voltage circuit-breaker, especially for the cir-
cuit-breaker which need switch the capacitive switching current.

Key words: capacitive current; dynamic electric field; circuit-breaker; arc extinguish chamber; APDL

N PE SR, FF A AR S N, S L 3R

0 5I% R AT 2 T A o P TR %
KHLLL LB B /R RS IR M o g % PRIV U o T A R R VAR T e P B A
B, N ESEFF G S T Bk, SRR DR A B AR I H A e
B T AT TE R KM BT BEON B BRI SOBOF A T, FBUAT i 3-5 0k, R T2 P /1N rl g

Yfs BHER:2018-02-15; &[5 HHA:2018-04-20



- 86 201849 A

Eudz

544 oW

K i AR, S BOT B R I, W5 BT I
/INREL A I A PRI P A R S R A R
=5 BT % i A A /) B O A T BT LR A O T
Wi T T LA Ve A K SR R W AR T
Wr AP/ BT, AT L2200 L BIOREA BiK R
FEPEBORZ IR, AL TV A TR A i o LR
T HTFIBr S AR b, IO A AR S S AR
N, AT D 28 T o ¥ 29 TR S A A B
S ol S I AU P R T g 0 KB 2 45 g 45
PR e E" S PR SR T T3 AN A8 1 15 L, W i
o 73 TR AL R 1 R 3 2 235 ) i Ay 5 Wi R B 2 T
Wi 28PN R B B E TR o R 28 5 23 I LA R
I, KN B2 W 5 00 A o iE 1 BB ik e T I 2
ANFLIE A BE T o DRI W e s I S B Bl A L 3
IR EARR TRERE L,

1 HERGHTEHFRE K RE

1.1 FhEBIFITEHFEDR
KANEE Y L3155 429996 /2 Laplace J5 4 J i1
FEME BN

V=0

Qolﬁl(n = ¢|(S(t))

§0|f;2(1) = ¢2(5(t)) (1)
o, _

67| 5= 0

) @2 B 3 (s(2)) =2 (8) A 25 L 7 T
1 A A BEAS YK S HL TR U(TRV) 5 s(0) 0 JT i A v
Z:IEJEM‘ZIJ,Eﬁ%%ﬂ@%ﬁ]{j%;Bl(t)vBZ(t)sB,%y‘j%
fil sk R 45 Bk R G0 S HA A A

M T KINE N5 2%, SRR,
Yy o ARSI 57, Jo i AT 00 7 A oA,
PSR A B 50 0 B0 31350 5 0k S fidk T % = 1Y)
eI BN iR 700 o
1.2 hEBHERTITERRE

Wik 28 sh A L A RO R L 1. '
6 3 ST T B 2% K 9IS ) CAD B AL, 25 B IR oG B
fiE, & I 4 L P AH [ 08 22350 44, CAD 7Y fif fk
L T AR Sy ST A R TR R i O
fillo R )5 R H APDL 240k 4w #2 0 £ . GUL M4l 1Y
5 1 AT W I A% KO A sh S i A BR UG R .
AL FE LR S A 1 RNz Bl 4 B BT Kb R E
SCOPIAS D A3 il RS R R R AR L Y
548 JBE 118 152 IS A7 fith R 25 5 AP B DR 37 9 A () I 220 1Y)
22 il 45

| W 4 8 K 9L 32 CADRS R g7 |
T 2 2 I IR 3 PR G T G
CoCRAGES | [FORE Rz X )
wrEE] | i
CADZEEEN | EI R |
IR, RSB o
Ll S e S 2L ST
- ST
_,| *DO?E% | Vl'ﬁ
| BB | emma
— — S 2 15
| Eghmstmongy | | ES
I v
| DA KR |
]
| LB TR A |
v
| *ENDDO |
i
| 016 48 0 SR |

BE1 =S IGIENSRFERTITERRE
Fig. 1 Flow chart of FEA for arc-extinguishing
charm of circuit-breaker

1.3 ESEFITEXERA

X T R — I 2 s AT B TR B R AR
PRI R o, DO B TAR R R Y
TGRS, R GULJ AR S8, S5 b B bt 2 7
TR — R E, TAEREAR, HX T
— € B S LA I B A L T e T R RS
T T, W T AR 2 FEm K HIREA
HER, TARR K. I SR —F s B [ s i sl &5
RS 0T 0 TIRE BE R A BAT R S

PRt [) B8 Y ADPL 2 8004 4 B2 35 5 1 G UL
MRS S, KR ANE, A S LR R R, T
(B T 4 L oy &<

K HZOrER s B 1A K& A S IS4
HA 3 CHEOR : O W) AR 3 508 50 5
QI AN RSB RE O A B P L
{EAY S FLIL
1.3.1 AR TR 83 &5 5

TESh AR b, S W i s O = A R OT
BRI, 5 EAROR AR T 1 o B S, 4R IR LA
BIR TC AR AN A 37 5 i 0 O e Ak AR A3 AT AR, Oy
1A TSR A A AR T B A, A RO
PR A 7 A AN PR 5 R, X i Bl 20 A BROG
BRI EEST, 5% AR, 2 4408 D%
iz 2l 1 A 057 1 (fith Sk 23 2 I 220 ik A7 AR s 0%
12 By 1 2 B B , R B OB A7 i =R b O
R 1L 50z Sl 1] A9 34 338 70, R T APDL iy 4 J7 20
ST i AR i 2R B, BT A S HRLL ; @R T APDL



WoES

WIS, MRS, SRIEHE, 5. 55T APDL Y GUI NS Mg A ik oe < 87 -

iy R SR s 2 fir &, FLA 3788 203l Tk 7 4 12 FF iy
LR KRHTTIEILE 2,
SE BRI L T ik 53 B A1)
fr i
]
ASIEZ Y 1035 3) IR BT RLALGLS)

1
@S MovingData(i,2), {14
I ) R I A7
!
& X5l 2k B

!
A MovingData(i,2) Z 5T
APDL#r 4
!
*DO MG 8 RIS AT #7155 ZI )
iZ3)
B2 BRTIHEERNIHTIER
Fig. 2 FES model of dynamic moving
132 w3 REMIHEEE
eSS WA, th T & VOLT R %8
PE LR T W 9 TRV AE, 3% TRV (BBl I [R) AN Wi 22
b, Rt AR i B R e AR, R
PN I

FC298 W7 ik S TRV #2655 Ak (1, 1)

!

L VOLT#2H MovingData(i,3),
AE A A 1) RUR Y [ VOLT{E

l

WAL, WP V)HE

l

*DO AFFR MM 20 Ft 4
X

3 BIFAREHNHTRE
Fig.3 Excitation dynamic sets of electric field

boundary condition
1.3.3 w3 ae) ) SRR
T W a5 2 L DR W i e 1) R 3 20 BT,
BEAT B 0 fiph Sk % A5 A I 2 e R R
Gy (BRI T8) A2 A R 3, DUSE XS W7 ¢ e 45 R BT 119
A B A B E S SR B E W 4.

2 HEEBITEBIERE

SIS YT E R, Has R i R s
YE S5 T A A o 75 APDL 2801k 9w
TR B A R FH A R 254
2.1 EIFERIARZGHSEIESEN
2.1.1  HUAR S IR A5 M vl 4% B

T i g () AL 53 ) R El DT B 2 1Y) 3 2l B A

S S B B K LI ) S &

Ean\Tnble l,m)

Z%%HSFJ&%EI%’;@ RIS =
W?kﬁ%%%gi?%ﬂ#%
]
WA ARSI
7
RACCRFIHH BB, 17

W ﬂ:EFmaxTable(i )

I
SRR I
SNl

4 REIFEAFHTRN
Fig. 4 Get the electric field value

JiCRE A% Sh A R AR LA S R A T D B o 2
B SR IS R AL S AE ) S R AL B E )R
HAUAFEBEZ B0 , HUBCRFE iz Bl 20 i AL i
[IHIER o Wi a7 2 B R HUBCRF IR I S SG

B W % i 2l 0 20 ) o TR AL P i 2 DL S ¢
250F
200k — iTfs
fi Sk B 21

0 20 40 60 80 100
t/ms

BE5 SRS &

Fig. 5 Mechanical characteristics for opening operation

H T AR T W R AR /DN, 23 LB i 2
AT AR A e R T B o R v 9 A LA
M2k, ShaSi st iams , @ ok MU T s A
o AR R 1 £ B TR L AR A ik Sk 23 8 I 22 2 22 RD
i} (432 3R 18 3 AL F2
212 ARAMEHHAL

AL TIT W R b i Sh A TR,
e AL 30 5% 25 A S0 o 9 T 1140 25 A L, T BB I )
SRS WL AH U(TRV {E) o B RLE" IR AP
VRIFWIE ) TRV 2T AR (1-cos) I 2R, WL 6.

TEST Wi B2 v, W % i 7 2 R0 I W (R 3 S AR I
B 1] 24 0 ms) B, it i &1 6 1) UL e, AR [R) T BE T BF
Tt 52 1) PR B v, 1 T e A T T (i o A
BRI TE]— B R T 0 ms)o ST TOLA RTINS 1]



- 88 - 20184F:9 J1 y B Wsads oM
4007 e B AR TE R S5 ., PRI AR 2
............... o S AP BI04 5 B 20 )
S0 L KHGHE . B — T nxm EHE R B aan(n, m),
) HFEGHILE S, 188 DM@ 19775 Fi
§°200 i U.60 Hz % 5 @%ﬂ@%%%% l {E o
=0 1 2 m  —— D
100 - =0 4 Er sy Ey pusy, | B, [T @
% 2 4 6 8 10 12 14 16 18 20 22 > | & e | E. | &
t/ms - =2 s
Eo6 FHEBERAIKE Uk
Fig. 6 U. curve of capacitive switching test " : £ E =
9.0 ms R ESE 60 Hz(60 Hz 7 35 50 Hz YR E"T)., 1 T" ~a
U TR TTEN ® @

_ [0.816K.U,[1 - cos(n)] ¢ <8.3(50 Hz)/7.3(60 Hz)
" ]1.632K U, £ =8.3(50 Hz)/7.3(60 Hz)

ARG 2)" 7, 53 S 3k 53 88 i 2 BT 2,=0 ms
2 1, AN UAE, 5 i 2 ik .
2,13 HEHRELEH
LB SRR, TR UGS SR AL
FLORAN (0 B HOELAT A, LB S A5 P T 25 A L 1) 2
B MR B R AR R LUECH BB XA fik o A B
ZIM B HUE . HES7— 1 nx3 I EL 4548 MovingData
(n,3)o HBhABHARLH ILIE T,
T O B
=1 t As,

T

-—

1

3

(]d
2| & | As, | Ug
3 t As, U,

3

n LA Astn Uctn

E7 zhisEZELH MovingData(n,3)
Fig.7 Array structure of MovingData(n,3)

HRAE 1A 7 BORAE 25, R P a] R A UGz 3h s
P 01 B B B BB G EE e o DRI o, P 22 P A
PLAAZ 3l Pk | i B 5% R 1Y B MR 20 O A il A
MovingData(n ,2)H1 MovingData(n, 3)* .
22 EEEIFRBENRFESN

TEIEAT 2P R T B BE 0 i, ot B A 2 11
SR fith S 3 2l B4 2% A 20 (37 8 S B A 0 b 9 e
KRGy AE, ARSIk 20 (7 ) fre KL g (H AR L
Feo DR IHAR A S B 2 ) e O L 3 {45 221
(O E) e R R 3+ 2

TEAEF APDL 22 i) 2% I 220 (32 ) Fie K78 72 Ak

B8 #ERIFRIENREMEE Enandn,m)
Fig. 8 Table structure of getting electric field
value of Ex maxrane(72 , 1)

R RAFAELE R, X5 T 585 m ZAF 00 2 0 e R
GyIRAE T B vt m) o
23 BhEEEIFHITTER APDL B L

Ansys ZEU TR F (APDL) & —Fiul i 24k
7 iy S AL A TR L B R AL
BT B, P R T A S A BR - g AR
MITIRE . APDL fui/F 5 2% B BCHE i A o fulf 1 % %
ARAT 9 K B A B8 T M AT A APDL L GUI
T AW R EE TAE TR SRS
oK AN S BRA RRAS BRA) 25 0 o {HJ2 APDL LAY
TN A i 4 5 EEICAZ AR A B A5 i A5
I SCH R AT LA APDL O 3 GUI Ay %l B 1) J7 Xt 47
APDL By g 5, E A LU R A DR H]
CAD 2, APDLAiT4 5 A Ansys (1977 2RI 1T
B TR % A% KOS RO S5 R 52 2%, H 4 T APDL
BT AR R JUHEE R, R APDL # 4 T
VERAR I @idsd UL 7 N s A . i T
F 0 APDL 37 TS5 B R AT 2R A B £, BT 5 4% K
A A b T AR 2B, PR 2 H APDL & 57 T
BT AR R, 45 5 A OXF TR ALIE 3l 573 1Y i3
ISR S S UNCR R ONIERIN O e RS
fili FH APDL % B2 A% Dk, b R B RO EE SR ME AR . 3
BHIGTHR APDLAHIE A LA 9.

3 BTSRRI ENSRIFITE

3.1 BEVEMFRX IS NINEE G CAD HE
L 32 A T g KOOI 2R T O S A
A bk EROT Sk mE O 3 3 ks sh ek sk B



WoES

WIS, MRS, SRIEHE, 5. 55T APDL Y GUI NS Mg A ik oe . 89 -

TFih

r

& X MovingData% 2
*D EFmaXTable(nﬂm)
!
TE A BERAT B N
FL 7S i 2 i) 44 FR
Il

AUALER

RO I | Sl
|

L ES AT [ o

JEBRENT [T )
é DO =0

W LR, M
% AIAE 2 # 73  ifl

1
%Z?;biéib*ﬁﬂéj\u AT Y
[siT i Rk g |

2 MK E
3 MovingData(n.,2)

< 1 CADHIZ R

( MovingData(n,3)

Ep i (1,11)
Curve

9 ZNASHIHAPDL ST EIRE
Fig. 9 Flow chart of dynamic electric field calculation

M2 R BT A, FE 3 T B R AR ] A4
N O i Y e A TR A AR | e ¥ A R =
RN B AR A LR A S e K
Y HL 3% CAD A LA 10,

B
i “W/uwuwmmmm%
%[%;:E |

1 2 j 4

5

E10 HEZHHRKIINER CADRE
Fig. 10 CAD electric model of typical live tank
circuit-breaker

Bl 10 Hh 2 1 R i Sk 38 0 5 2 2671 SFo Ik 3 3%
ANl Sk FR I3 5 4 RN A 5 5 F R A R WU K2k
H Y FR 53 Rz g R 43 L 18 3R O3 4 S(iL y) s
g, EIEATRITHRN, T 20K B 3 o0 B8 8l 2 il
Sk o s i 2 6
3.2 AAEFXE KGN ERIFHRTEL
321 FAKRBAMHM M

AL W A% O S 4G S [0 B AT S5, O

THURIFR, Pt FE A5 R SR HP-TT 2D 1 1/2 K5
TR P E AR . H T AR SR 2D Ui IE
HLIC PLANE121 80T, BLoA7 A K3 15 B A fl R #K .
HAFAMESEIWE L,

x®1 MRS

Table 1 Material parameter set

LAY PERX [X 3
&) X35, 1x10" Sk A B i S 4y
M 11 [X 2.300 0 % 11 3543

A 5.500 0 B e
SF/ 1.002 1 SFo3,

=R 1.000 5 255,

322 AREAFFIE A B A
HRAE R (2) T 1=0~10 ms A9 HLE U5 FIAR 5 43
] AL 1 ot 2 IR fih Sk 5 I 2005 % 10 ms
B 1 ms 7] B 09 30 fi Sk iz SRS WK 2.
x2 BHHEER
Table 2 Discredited data

fisk Ay B 1] ms fl Sk A B HEES /it T ER R (SH )/ V

0 0.00 0.00
1 4.65 11.61
2 9.42 44 .81
3 14.77 94.95
4 20.37 155.00
5 26.29 216.55
6 32.11 270.98
7 38.03 310.65
8 43.70 331.40
9 49.26 331.40
10 54.46 331.40

3.3 TREZNEBIFHITEAPDLES

MR h 25 H 37314 19 APDL B AR 4544 45 5 1] 10
i R 2 A 2R TR DR B A KO L 3 1 sh A
APDL 314
34 HELER

5 APDL SCHYE A Anysys 84, A shiT 8 %
ANEFZ0(0~10 ms) Y HL Y, Forf 7 ms B 21 (14 #2353 A
WA 11,

A B4R A B 1 ms B 28] 56 B 2R R 3 i A
Yy ) Fo RARL, [ B 3 2 g KA A7 i 1) 38 b, 22341
A SRR )G 1 ms I 20 9 H 37 5 R A8 728 Ak i
2, ILE 12,

e TR 5, SR N 0.5 MPa i, K328 G4
FEFRAEAE BRI 20 1 L B KB AN B 3 29 kV/mm,
AR IZ K DI E G548 (%) HE 3 53 A1 i e TR SR . R



+ 90 - 201849 A

Eudz

544 oW

SIVINAVIVAVIviE

L
0.296 036  5.032 610 9.769 180 14.505 800 19.242 300
2.664 320 7.400 900 12.137 500 16.874 23.386 800

H1%/(kV » mm™)

E11 7 msHRINBHSH
Fig. 11 The electric field distribution at 7 ms

250
225
200 H A S
g 17.5
+ 150 Byl k
E 12.5 ik
% 10.0 ﬁ?ﬂﬂm%
X 75 s
® 5o
2.5 . %?Wé&
00 1 2 3 4 5 6 7 8 9 10

f/ms
12 ARMZEZFHERIFERETHHE
Fig. 12 Max electric field tendency curve of key
parts in difficult time

P o i AR SR (8 2 78 TR 28 M H T W ok
FEHTE 0~10 ms P LI 5 KAE /N T 24 kV/mm, 1 2
TRENRIFHBEA —E . A& W i
ariEa T C2H AP ER T Al .

4 Z5iE

X 3T APDL 5 GUI gy 245 B 3 1153 S B AR A
AR EERIEAT IWEIE  TE BT 3h 2 fa 3 1153 1 2 44
iR, ARYE APLD 5 GUI Y3 B 33 B i 3%
TRZERTE X, DA e A ST 25 25 I 3 85 ) Sy 52
B, 95 T APDL & SO 33154 (0~10 ms) 1 HL 37
1A ARAF B 1 ms B 20 G B 1 19 ML 3 05 K (H
FE 22 72 [ BE 1 ms B 21 ) F 3 e KA AR Rl 45
HR G TR 2 05 40, XoF 120 B 700 e =0 B K=
T W7 25 M R B O EAT VRS AL B B0 UE . B UE T
YOTERA TRESE X,

Sk -

[1] Ak 25 SRR AR R (M), 56 2 Bt dE 5 HLAE Tk,
HA:, 2011.

LIN Xin. The modern high voltage electrical technology[M].
2nd ed. Beijing: Mechanical Industry Press,2011.

[2] ™ B RS, & A EORIM]. 553 0. db st E
HL ) R, 2002.
YAN Zheng,ZHU Deheng. High voltage insulation technolo-
gy[M]. 3rd ed. Beijing: China Electric Power Press,2002.

(3] & ol kA AR BV 5 4 B JbET HUAE Tl R
t,2015:350-353.
LI Bin. SFs high - voltage electrical design[M]. 4th ed. Bei
jing: China Machine Press,2015:350-353.

[4] fOGIE. TREE M. 55 3 iR, b st m A HE
Jikt, 2016.
NI Guangzheng. Principle of engineering electromagnetic
field[M]. 3rd ed. Beijing: Higher Education Press,2016.

(5] RIEE, 52 BRI, 4. 1 I 2 SR O FH M.
JERTEE R R, 2000:177-180.
XU Guozheng,ZHANG Jierong, QIAN Jiali, et al. The prin-
ciple and application of high voltage circuit breaker[M].
Beijing: Tsinghua University Press,2000:177-180.

(6] XU Ab,XI S, B S A R AR A B T
G S ERSE]. S L g, 2014, 50(5):87-98.
LIU Pu, LIU Ping, HUANG Shi, et al. Research of synthet-
ic test method of capacitive current switching test for UHV
circuit breaker[]J]. High Voltage Apparatus, 2014, 50(5):
87-98.

(71 E 58,4k FE SFWTEE R IT /N B S B St 2 v
BB B[l AL HL AR 2. B3, R [P
LT HOR Y27, 2012:89-94.
WANG Liang, LIN Xin. Numerical simulation analysis of
the small current media critical breakdown voltage on SFs
circuit breaker[C]//Transmission Annual Meeting. Shang-
hai, China: CES,2012: 89-94.

(8] #k 3, EFEMG, wh A5, SF T 2% 25 2 TT W0 <R
PRI SHF5E]. BT HER#4, 2008, 23(7):51-55.
LIN Xin, LYU Xiangpeng, HAN Shumo. Testing Investiga-
tions of pressure feature of no-load interrupting in SFq cir-
cuit breaker[J]. Transactions of China Electro Technical So-
ciety,2008,23(7):51-55.

(9] XUHRIE. 45 e s S Ui i R R S8 i L TR S5 48 2R IRC 453 (M.
U [ LT A, 2008:33-37.
LIU Zhenya. over - voltage and insulation coordination of
UHV AC transmission system|M]. Beijing: China Electric
Power Publishing Press,2008:33-37.

[10] Ak 25,2k e, A3 252 kV SFBTHE R KN 0
PERIEATTEL]. AL T AEA4H, 2008, 28(15):130-135.
LIN Xin, DI Qian,HAN Shumo. Computation and experimen-
tal research of pressure character for 252 kV SFs circuit
breaker|J]. Proceedings of the CSEE,2008,28(15):130-135.

[11] Ak 20050, 2k T 5 AR Sk T 25 ) i PR B
WA 5 ). hEHL T,2007,40(11):57-61.



WoES

HEnEn | EIRR, KIEH, & LT APDL S GUISIZS B ik iise <91 -

LIN Xin, LIU Kebin, DI Qian. Theoretical calculation of
pressure characteristics of intelligent SFs circuit breaker[J].
Electric Power,2007,40(11):57-61.

[12] #5535, 1 . HAE SF WA Kl i3

PHE(I] VL PR Tl 22441, 2003 , 25(5):398-400.
HAN Xueyan, LIN Xin, WANG Lei. Calculation of electri-
cal field for an auto-expansion type SFscircuit breaker[]].
Journal of Shenyang University of Technology, 2003, 25(5):
398-400.

[13] Bk 35, 6 X TUZR, 45, 1R e SF W i e 1 2540 it

PR PR S B AT 0], E AL LR, 2016, 36(14):
3973-3980.
LIN Xin, WANG Feiming, LIU Weidong, et al. Experiment
researches on cold state dielectric recovery characteristics
in high voltage SFs circuit breaker[J]. Proceedings of the
CSEE,2016,36(14):3973-3980.

[14] High-voltage switchgear and controlgear - Part 101: Synthet-
ic testing: IEC 62271-100:2017[S]. 2017.

[15] High-voltage switchgear and control gear-part 100:Alternat-
ing-current circuit-breakers : IEC 62271-100:2012[S]. 2012.

[16] High-voltage switchgear and control gear-Part 1: Common
specifications : IEC 62271-1:2012[S]. 2012.

[17] Guide to the interpretation of high-voltage switchgear and
control gear-Part 100: Alternating-current circuit breakers :
TEC 62271-100:Ed. 2. 0:2008[S]. 2008.

[18] ZEHESL, L B TE. Ansys%ﬁ{%%fﬁ%ﬁé\%ﬂﬂﬂvﬂ

(L4584 7))
STHERFIEL)]. SRR 2015, 41(11):3849-3857.
YE Haifeng, QIAN Yong, WANG Hongbin, et al. Spectrum
characteristics of transient earth voltages aroused by partial
discharge in switchgear[J]. High Voltage Engineering,
2015,41(11):3849-3857.

[15] EA T, 25 1, B R, 45, TF A R il v 2 250
L EAG AR RR PR R 5 J BT R L R4S R, 2011, 37(07):
1683-1688.

WANG Youyuan, LI Yanwei, LU Guojun, et al. Simulation of
transient earth voltages aroused by partial discharge in switch-
gear|J]. High Voltage Engineering,2011,37(7):1683-1688.

[16] HEJ7 b, 208, £ 78, 45, ST TEV 585 ) IT 56

A Ja F T RS B A IS (D). AL AR, 2013, 50
(11):73-78.
LYU Fangcheng, LI Haide, WANG Zijian, et al. Research
on partial discharge detection and location of switchgear
based on TEV and ultrasonic wave methods[J]. Electrical
Measurement & Instrumentation,2013,50(11):73-78.

(17] BRPCHL, skA-F, X8, 45, JT A R i v B 250 M
LRI A RIS L) . R R LA , 2012, 48(10):88-93.
CHEN Qingqi, ZHANG Weiping, LIU Qinfeng, et al. Re-
search of transient earth voltage distribution characteristics

by partial discharge in switchgear[J]. High Voltage Appara-

LS AU T H A, 2016.

GONG Shuguang, XIE Guilan, HUANG Yunging. Ansys
parameter programming and commands manual[M]. Bei-
jing:Mechanical Industry Press, 2016.

R AR, TR0 A XS, 4. Ansys SRR AT S 5 5
BITEARIM]. L5 AU Tl A, 2015.

GAO Changyin,ZHANG Xinyue, LIU Xinying,et al. Ansys pa-

[19

—

rameter programming commands and detailed annotation|M].
Beijing: Mechanical Industry Press, 2015.

[20] PRARHE, T, s A I, 4%, BT APDL AR =5 J5 E i

FLZR B AR A S i BT 5 0 (). L i o Bl
2015,31(2):109-112.
XU Donjie, MA Aiqing, ZHANG Zhousheng, et al. Analysis
and calculation of nominal field strength of UHVDC trans-
mission line based on APDL[]]. Journal of Shanghai Univer-
sity of Electrical Power,2015,31(2): 109-112.

[21] 4305, sk, e, 45, 3T APDLIEF i 2 A 3h
2 AT R SR ). A8 R4, 2016, 53(3):12-15.
NIU Wenhao,ZHANG Guoqiang, LONG Shiyi, et al. Devel-
opment and application of automatic software for electric
force lines plotting based on APDL[J]. Transformer, 2016,
53(3):12-15.

3% 3 (1984—), B
HH R ARG

5, LA, LA, BB T E

tus,2012,48(10):88-93.
[18] ZEAE, Tods , B AR, FT ZigBee 115 H FF AT IR
W RS ). A A 3k, 2015,37(1):52-54.
QIN Aihua, WANG Rongyang, LUO Chunxiao. Design of a
ZigBee-based temperature-monitoring system for high-volt-
age switch cabinets[J]. Electrical Automation, 2015, 37(1):
52-54.
[19] Xz, ook, £ 15,55, m T SAR R Al i UHF
TEL NI R G RIBIESE (], = FRHL A, 2009,45(1):15-17.
LIU Yunpeng, WANG Huibin, WANG Juan, et al. Re-
search on on-line partial discharge UHF monitoring system
for high voltage switchboard[J]. High Voltage Apparatus,
2009,45(1):15-17.
WAk, ks B I8, 5 Hldess ) 5ERE
RG] JEHT Bl AL, 2004,
YANG Shanlin, NI Zhiwei, ZHAO Peng, et al. Machine

learning and intelligent decision support system[M]. Bei-

[20 PSR S

—

jing: Science Press,2004.

i H(191—), B MEARE R T AZEIES
BHAR

BOF1977), B L BHF, 2 MA@ AR TS
E AR S % 5 A AL,



