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Table 1 Comparison between simulative and
experimental results for different parameters
/ / / / / /
kA A% cos @ (°) kA ms ms
80 380 0.20 105 1423 234 1.52
80 380 0.20 0 10.68  3.44 2.64
3 690 0.90 90 3.07 4.78 2.72
3 690 0.90 0 3.60 7.96 6.18
81.4 402 0.19 105 1370 2.64 1.73
81.4 402 0.19 0 9.86 3.52 2.69
3.03 726 0.90 90 2.99 5.01 3.18
3.03 726 0.90 0 3.49 8.11 6.58
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Table 2 Parameters of physical model
/ /
/A mm? mm /mm /mm
0 350 mm 700 mm
45 10 19 1000 1000 ! . )
100 35 2741000 1000 00142T 0
125 50 27.4 1000 1000
— 075 52000 2000 3
Fig.5 Vector chart of space magnetic field
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Fig.3 Model of main circuit conductors and cable lines

) 3 o 0.0142T 0
Table 3 Settings of excitation sources
Position 1(Reference)=[10,0,0 ]mm
Position 2(Current)=[-5,0,0 Jmm

A 63sin (21T x50¢) Distance=15 mm,X Distance=15 mm
B 63sin (21T x50¢+217 /3) Y Distance=0 mm,Z Distance=0 mm
C 10190exp [~[ (1-0.0023) = Angle(P20-P10)=180
0.0008933 *| 6
RS-485_A - Fig.6 Distribution of space electromagnetic field

RS-485_B — along with distance
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Fig.7 Relative positions of conductors to cable lines
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Fig.8 Influence of relative position of conductors
to cable lines on communication
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Fig.9 Influence of distance between controller and
main circuit on communication
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Fig.10 Short circuit breaking current for two
short circuit breaking voltages
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Fig.11 Voltage waveform induced by short circuit
breaking current for two short circuit
breaking voltages

) ,690 V

N )

o

3 ,
o

a.

,
o

o

b.

)

10 mm
)
) 20~50 mm o
C. , ,
;
; ,
)
o
)

o
a.

Maxwell

[1] CASSIE M. Arc rupture and circuit severity:a new theory [R].
Paris, France : CIGRE , 1939.

[2] ST-JEAN G,LANDRY M,LECLERC M,et al. A new concept in
post-arc analysis applied to power circuit-breakers[J]. TEEE
Transactions on Power Delivery,1988,3(3):1036-1044.

[3]JR BROWNE T E. A study of AC arc behavior near current
zero by means or mathematical models[]]. Transactions of the
American Institute of Electrical Engineers,1948,67(1):141-153.

[4] , , , -

[Jl. ,2009,29(21):107-113.
JI Liang,CHEN Degui,LIU Yingyi,et al. Simulation of the
interruption  process of low voltage circuit breaker using
dynamic mathematic arc model [J]. Proceedings of the CSEE,
2009,29(21):107-113.

[5] s .

[J1. ,2007,43(4):269-273.

LI Xingwen,CHEN Degui. Review of the investigations on the
modeling and characteristics of air switching arc[J]. High Voltage
Apparatus,2007,43(4) :269-273.

[6] YEE K S. Numerical solution of initial boundary value problems

involving Maxwell’s equations in isotropic media[J]. IEEE Tran-

sactions on Antennas and Propagation, 1966,14(3):302-307.

HARRINGTON R F. Matrix methods for field problems [J].

Proceedings of the IEEE,1967,55(2):136-149.

[8] CSENDES Z J,SILVESTER P. Numerical solution of dielectric
loaded waveguides::ifinite-element analysis[J]. IEEE Transactions
on Microwave Theory and Techniques,1970,18(12):1124-1131.

[9] JIN J. The finite element method in electromagnetics[M]. New
York,USA : John Wiley,2014:39-40.

[10] RACHIDI F. A review of field-to-transmission line coupling models

[7

[

with special emphasis to lightning-induced voltages on overhead
lines[J]. IEEE Transactions on Electromagnetic Compatibility ,
2012,54(4):898-911.

[11] TAYLOR C,HARRISON C. The response of a terminated two-
wire transmission line excited by a nonuniform electromagnetic
field [J]. IEEE Transactions on Antennas and Propagation,
1965,13(6) :987-989.

[12] AGRAWAL A K,PRICE H J,GURBAXANI S H. Transient
response of multiconductor transmission lines excited by a

nonuniform electromagnetic field [J]. IEEE Transactions on



37

Electromagnetic Compatibility ,1980(2):119-129.
[13] RACHIDI F. Formulation of the field-to-transmission line
coupling equations in terms of magnetic excitation field [J].

IEEE Transactions on Electromagnetic Compatibility, 1993,35

substation[J]. Proceedings of the CSEE,2007,27(9):46-51.
(18] ., s .
,2016,36(5) :149-153.
HUANG Shize,GUO Qiyi,CHEN Yang,et al. Experiment and

(3):404-407. simulation of CPS short circuit breaking capacity [J]. Electric

[14] . [D]. Power Automation Equipment,2016,36(5):149-153.
,2006. [19] . Ansoft HFSS [M].

LU Binxian. Research on coupling mechanism of switching ,2010:1-3.

field transient in substation[D]. Baoding:North China Electric

Power University ,2006.
[15] s s , . EMI (1983 —), , s

[J1. ,2006,25(3):94-97.

’ )

YOU Jian,LIU Yang,GU Xuesong,et al. Insertion loss research ( E-mail :

of EMI power-line filter based on open-circuit impedance
parameter[]J ]. Ectrotechnical Application,2006,25(3):94-97.

hsz@tongji.edu.cn) ;

(1961 —), , s
[16] , , ..
. ,2004,24(11) ; 148-153. ’ ' ' ( E-mail. eqiyi@
-mail :
ZHAO Zhibin,CUI Xiang,ZHANG Bo,et al. The electromagnetic st
field calculation in substation by the method of moment [J]. 263.net);
Proceedings of the CSEE,2004,24(11):148-153. (1990—), -, ’ ’
[17] ) 1. ( E-mail : richieli4job@163.com) ;
,2007,27(9) :46-51. (191—), , ,

( E-mail ; 18721905903@163.

QI Lei,CUI Xiang. Prediction of electromagnetic interference
on the shielded cable due to the switching operation in com),
Research on short circuit breaking interference of low-voltage apparatus
with its own communication
HUANG Shize',GUO Qiyi*,LI Yixiang®>,CHEN Yang?
(1. Key Laboratory of Road and Traffic Engineering of Ministry of Education,Tongji University,
Shanghai 200331, China;2. School of Electronics and Information Engineering,Tongji University,
Shanghai 200331, China)

Abstract: Mathematical models are established for the contact system of CPS(Control & Protection Switch )
and the arc movement,based on which,the short circuit current is simulated and calculated. The simulative
results coincide with the experimental results quite well. The model of main circuit conductors and cable
lines is established in Maxwell simulation environment,based on which,the distribution of transient space
electromagnetic field around the communication circuit is simulated and the induced voltage and current are
further calculated ,according to which,suggestions on the design of low-voltage apparatus are given.
Key words: low-voltage apparatus network; transient

short circuit breaking; finite element analysis;

electro-magnetic field; EMC; short circuit currents; electric arcs; communication



