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Fig.1 1/2 symmetry model of contact
arc extinguishing system
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Fig.2 Schematic diagram of movable contact
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Fig.3 Contact model of
thermal analysis
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Fig.4 Flowchart of thermal stability calculation
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Fig.5 Variation of electric repulsion force along with time
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Fig.6 Peak value of electric repulsion force
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Fig.7 Temperature distribution of
conductive loop(t=1s)
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Fig.9 Schematic diagram of shaft hole position
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Fig.10 Comparison of maximum contact electric repulsion
force between shaft hole position @D and @
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Fig.11 Maximum temperature distribution of different
contacts when shaft hole at position @D and @

32 BRMKEEEN

TE W% 2 BB fih Sk 59058 T TR — AN SR Y
B SR R TR R I AE T1 XU 3 AR K
1 B H 5 s g DR /N 32 5 43 ke PR BEL 9 96 O S B8k
Sk RGN, R B S R T R
Fi 8l ik Sk 1) fih Sk 4 T HE R 15 NS W45 B9 PR E
P A% fih B B v L R 0 A A AT 12 B

MIEL 12 Ha] DAFE Y B fih Sk 28 5 7 938 K Wy
IF66 e Bl Ak TRD ) 2 S AL BELDRC /N | S B0 Sk R T
REAR , EL AR B R A BR

LB R i Sk 5 T 7 RS £LAS 1) ik




AL, 45 7 e 2T I 45 I TS 52 F R Y A BR DT 4 BT @

----------- @ ____
e
e € .
2 3 4 : °
oh sk

e BKIEH T, - HOKTEII IR
B 12 SMARERENT
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of different contacts

MK B, ¥ 0 1 58K Bl i i S 18] 1) v 1y [) ef
R SR T, AR EAR R S Bl R AT A 2
ol 7 S 41 v DA B 4 L P TS 52 P U R E

4 H5iE

AR SC UL ERLIRT T Re T B A R B ST &
ANSYS A7 BR IC 2 A o3 #r e  f it 37 v PR g 2
T 7 e W B AR A AR S I AR AR 5 T RS
T o BT T i Sk B B0 S A DR R i | g O O
Y15y BT O 1% 45 4 W 25 18 B8 3 0 A 2R i ik Sk R T 40
A, TEUCFERE L XT3 f s As e v AR E T
AT EA T, 4 T BAR B R AL T R

SEH .

(1] W PRZE ST, 3558 55, 6T 7 A= HT J 2  Re A 4 (7.
LT A B #2004, 24(2) :79-83.

ZENG Qingjun,JIN Fusheng, HUANG Qiaoliang,et al. On inte-
lligent controller of conventional circuit breaker [J]. Electric
Power Automation Equipment,2004,24(2):79-83.

VRIS 25 R 2 45 i DWIS J7 e =X I % 4% s 17 T ¢
PERBTFI[)]. R IR AR, 2009(17) :55-57 ,66.

CHEN Haikun,LI Chenhui,QUAN Xuehui,et al. Research on
improving operational reliability of DW15 ACB[J]. Low Voltage
Apparatus,2009(17) :55-57,66.

XS WA A0S0 A5 T = 4k A BR T TT 15 43 BT 5 A 5 5
HE S8 W7 % 4 0 3 % AR R ()], E AL TR 44,2005, 25
(16):63-67.

LIU Yingyi,CHEN Degui,LI Xingwen,et al. Research on factors

—
NS}
[}

[3

[

affecting electro-dynamic repulsion force in air circuit breaker
with the method of 3-D finite element[J]. Proceedings of the
CSEE,2005,25(16) :63-67.
[4] BOYER L. Contact resistance calculations:generalizations of Green-
wood’s formula including interface films[J]. IEEE Transactions
on Components and Packaging Technologies,2001,24 (1) :50-58.
[5] MONNIER A,FROIDUROT B,JARRIGE C,et al. A mechanical,
electrical ,thermal coupled-field simulation of a sphere-plane elec-
trical contact[J]. IEEE Transactions on Components and Packing
Technologies,2007,30(4) : 787-795.
LEIDNER M,SCHMIDT H,MYERS M,et al. A new simulation

—
(=)}
[}

approach to characterizing the mechanical and electrical qualities
of a connector contact[J]. European Physical Journal Applied
Physics,2010,49(2) :22909-22919.

(7] & e SRR WRRS A5, L il PR G RO ADL 1 BT 78 BLAR B &
JERa ). RTAR,2010(1):3-8.

TAN Zhilong,GUO Junmei,CHEN Song,et al. Review of the nu-
merical simulation of the electric contact phenomenal]]. Electric
Engineering Materials,2010(1):3-8.

DRERG, I AR, AFL R T BROT R I B T G AR T

AT ARTRAL AR 2011(1):9-12.

LIANG Huimin,LI Bo,YOU Jiaxin,et al. Thermal stability simula-

tion analysis of disconnect switch based on finite element method

[J]. Low Voltage Apparatus,2011(1):9-12.

(9] Bk, @i T, /N A5, 25 JE L 3l ) B0 Y e S T B 6 3l g 2
RO EC T[], b E LT R4 42, 2003,23(5) : 103-107.
YANG Wu,RONG Mingzhe, WANG Xiaohua,et al. Dynamic
simulation of high-voltage circuit breaker concerning electro-
dynamic force[J]. Proceedings of the CSEE,2003,23(5):103-107.

[10] A4 M WRAEAE sk B0, 4. Bl JF Jo4E T 0 H 7 2% 4% 53

FREERBTTE[)]. M TR 4] ,2005,20(7) :34-38.
NIU Chunping, CHEN Degui,ZHANG Jingshu,et al. Research

on the breaking characteristics of low-voltage circuit breaker

—
o0
[}

with the effect of electrodynamic repulsion force[J]. Tran-
sactions of China Electrotechnical society,2005,20(7):34-38.
PAULKE J,WEICHERT H,STEINHAEUSER P. Simulation of
contact spots [C]//Proceedings of 21th international conference
on Electrical Contacts. Zurich,Switzerland: [s.n.],2002:388-393.
[12] skoEA:. HL AR BRI HEml (M, bt HUBE Tl th i | 1989 :44-54.
[13] BRiEAE: 24520430, AR &% 09 SRR ML ECOR (M), db st Bl
Tk R AL, 2009 :254-255.
[14] AP BRAEAE X5 45, T M 3 Il B R o G 3R G R A 28
i i % BB I AT (], EAL TR A4, 2007,27(15):53-58.
NIU Chunping,CHEN Degui,LIU Yingyi,et al. Thermal simulation

of AC contactor considering the heat generated by main circuit

[11

[

and electromagnet system[]J]. Proceedings of the CSEE,2007,27

(15):53-58.

G A, R B S T I AR R A 4 A PR OC ik I

R RS ALY E F SRR (1], hE AL LR

2000,20(5) :14-17.

LI Weili,FU Min,ZHOU Feng,et al. Calculation of 3D stator

temperature field of large and medium scale synchronous motor

on the basis of fluid similarity and 3D FEM[J]. Proceedings of
the CSEE,2000,20(5):14-17.

SAR M DRAE AR VRS A, A IR T &R IR RS 5 O L R T (K]

R [)]. TR EH,2007,22(5) . 71-77.

NIU Chunping,CHEN Degui,LIU Yingyi,et al. Temperature field

simulation of AC contactor and analysis of its influence factors

[J]. Transactions of China Electrotechnical Society,2007,22(5):

71-77.

[17] W] REms | W | 5. 25 55 == S0 5 52 W 1 v, 35 ORI 9 T
o R 3G 2 R AT (D], O A S iR A, 2013,33(5)
50-54.

YANG Yongming, CHENG Peng,CHEN Jun,et al. Cable heat

dissipation considering air flow field,its influencing factors and

[15

[}

[16

[t}

economical efficiency[J]. Electric Power Automation Equipment,
2013,33(1):50-54.
(18] B AT, LM ], bt w45 #0R H Rkt ,2002.:73-74.
[19] AR BRAn W], 5. AgNi10 fil Sk b1 kAT & 2 fil B Bt 19
TR S T B SBRTTTE ()], FAT IR AT RS AR 201241
(2):276-280.
TAN Zhilong,CHEN Song,GUAN Weiming,et al. Thermal-electric-



9] R R 345

structure coupling finite element analysis and experiment study EEE N,
of AgNilO contact material under the closed contact stagel[]]. WA (1975-), % b B HEA 8 HK
Rare Metal Materials and Engineering,2012,41(2):276-280. B WL E AT A ALK B R A
E AT, P /INARL 0 T R TR T 5 R 4 RS O vl S 5 e e L g o
[20] ??,ﬁﬁd ;9} VAR s R O 2R AR T g A P R I A O FATF £ b B 49383 5 4% (E-mail :niuyue@
Y (1], R HLEE2006,42(6) :438-441. o
.. . . mail.xjtu.edu.cn) ;
WANG Zijian,HE Junjia, YIN Xiaogen. Calculation on thermal- o e . .
.. . ) . FRK(1988-), F  REA LR
electricity coupled transient temperature field of high voltage R R
e s o PR
current limiting fuse[J]. High Voltage Apparatus,2006,42(6): &R A B ARG S
438-441.

FEM-based calculation of short-time withstand current for
air circuit breaker
NIU Chunping, DONG Delong,SUN Hao,NING Jiaqi, YANG Fei,WU Yi,RONG Mingzhe

(School of Electrical Engineering,Xi’an Jiaotong University,Xi’an 710049, China)
Abstract: The main contact system of an ACB(Air Circuit Breaker) is modeled for calculating its electro-
dynamic stability and thermal stability,which applies the contact bridge model to describe the microcosmic
contacting between movable and fixed contacts,the electric repulsion force and temperature rise of contacts
are quantitatively analyzed and its short-time withstand current is evaluated. In electro-dynamic stability calcu-
lation,3D transient electromagnetic analysis is used to quantitatively calculate the effect of eddy current on
the electric repulsion force. In thermal stability calculation,the improved contact bridge model is applied to
obtain the simulative results of transient thermal field. Two schemes,i.e. shifting shaft hole position and
increasing contact ending pressure,are introduced and their effect on short-time withstand current is researched
based on the established model. An optimal scheme is given.

Key words: electric circuit breakers; short-time withstand current; electro-dynamic stability; thermal stability;

FEM
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Optimal allocation of voltage-sag monitors considering disturbance-source locating
CHEN Lipin',XTAO Xianyong®,ZHANG Wenhai'

(1. School of Electrical Engineering and Information,Sichuan University ,Chengdu 610065, China;
2. Smart Grid Key Lab of Sichuan Province,Sichuan University ,Chengdu 610065, China)

Abstract: Based on the observable area principle of monitoring points and the locating method of voltage-
sag disturbance-sources,a disturbance-source observability matrix is built and an optimal allocation model of
monitor stations is established,which takes the least monitoring points as its objective and the observability
of grid voltage sag and corresponding disturbance source as its constraint. The O-1 integer linear programming
method is adopted to solve the model. Simulative results of IEEE 30-bus test system show that,the proposed
method is correct and effective,which,with less monitoring points,avoids the difficulty of voltage threshold
selection and obtains more accurate characteristics of voltage sags.

Key words: voltage sag; disturbance-source locating; monitoring; observability matrix; 0-1 integer linear

programming; models
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