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Design of Driving Circuit for 10 kV Permanent Magnetic Vacuum Circuit

Breaker and PWM-Based Simulation of Its Realization
YU Qing-guang, XIAO Yi, ZHAO Biao
(State Key Lab of Control and Simulation of Power Systems and Generation Equipments (Dept. of Electrical Engineering,
Tsinghua University), Haidian District, Beijing 100084, China)

ABSTRACT: It is a new application field of permanent
magnetic vacuum circuit breakers to be used as voltage/current
zero-crossing switch. As for the common-used direct discharge
of capacitor to the coil of permanent-magnetic vacuum circuit
breaker, the nonuniformity of switching current leads to the
dispersivity of the motion of permanent-magnetic vacuum
circuit breakers. For this reason, the authors design a new
driving circuit for permanent-magnetic vacuum circuit breaker,
which follows given working current of the coil to ensure that
the switching current of permanent-magnetic vacuum circuit
breaker can be kept consistent. The way to select suitable
parameters of the circuit as well as its scope of application are
given. The proposed circuit is simulated by software, and the

feasibility of the proposed driving circuit is verified.

KEY WORDS: permanent-magnetic vacuum circuit breakers;

driving circuit; pulse width modulation (PWM)
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Fig.1 The schematic diagram of the driving of
permanent magnetic breakers
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Fig.2 The schematic diagram of charge circuit
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Fig.3 The schematic diagram of
first-order current damping circuit
22,12 JPRAEMAFRERE. B HEIRAR
SIHTEE 3, Vi Vg I BT )
di
U, =Ri+L— 3)
¢ de
b i A Wi 2 £ Pl PR
Vi A Vg Wi F i

Ri+13 -0 4)
d¢
Xt 1A PWM RN K dide 3E4TTR46, H

Al
u.=Ri+L— 5
c=Ri+L_ ®)
b 70 PWM S A CHEERSERE; D N A,
Ri+[—2 _ 6)

(1-D)T

A LA T R ARSI
1 _D(1-Dyuc _ U,

=—= S 7
s T LAi 4LAi @)

AT PRAE LR IR AR, JF O MR 250K
FAET MR, B
Uy

o> 8
St 4LAi ®)

s L SRR IR AMEL; foe 2 O IR K
TAESRAR . TP OAE B K He oy S L, e K HL
by AR 3 L e K L
22.13 Wik RLC UL FE

h T ORUEHLES 1B TAE, e 2 ANk Il
Ha [ 2% L I B KK T2 2% Wi KB . 3K
TSEERBE. |
ax > (et Dmax
di| |diy
de| | dr |
e g, R ECHR [R] 5 R i s 2 B TT DAIA 3 1 B oK
HLdis i, ATk es kB i S (.

T8 imax>(ireDmaxs TRHE 77 22K HLER BT AR
e,

iL=—ci$?=—c4MeW—cnﬂ5eW

)

>

10
p :ln(pz/p1) (10)

" b~ D



38 TR 10KV R EEITB 4 OK Sl LB BT S LK 5 14 11 117 30

Vol. 34 No. 7

A 4 =pUy I (py—p): 4 =—pU,/(p,—p):
i, NIRRT p s p, NS TR IRE
fIEAR .

TE b W ZI, P35 LS HL IR IA B 5 KA, SRR 4
A = AN R ON DN

X T |di/de>|direr /de), LT 2 NI BRB) L
RE Ik B L BTSRRI R R AL S % W
T TE I A 5 PR T RO I ABHB 2K

PR BTSSR, W EEHE & R LT
FIR/AMEK T 2% e E 2 i) K E
di
dt

min( diy
d

) an

T B R BRI T KRS, FR BT AN S e
P R RN BE, AEEL BT BB KA 2 A
SENARRE S 7 2 NP EN M wof o S R W 2 O v €1

di di
— | ) _—_rel 12
df |1—max(1m) ) ( )

i/ At | s, )| N2 LTI KB (irer)max AT
I (P L L T
XTH MR ELR, M iR r, A
di| R.
PR (13)
H T AL A S AR, PEOZM R w7 2
T, H T RN R R SRR, R
FE— /N R EFEA R dmins 5 FELE fmin<i<(iref)max
WE T R kA
R

di,
T > et 14
2y (14)

Arf L RS O R AR OR AR, AT JE e i Y 1 R R
BHEGH IFIBEFLEK, R 2 PRI T B 12K
ZE LM e M RLC S50 B LR
HRQ2)(10)(12) 1K (14).
222 e
2221 HEHEE
TR, Vi Vg [ PSS W
MRS Y JEEE N P 4 Fros

) > max(

> max(

Y >
L L
Crw -
R
| v D

4 MR REREEE
Fig. 4 The schematic diagram of second-order current
damping circuit
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Fig.5 The wave of permanent
magnetic breakers switching



F3ak HTH

oW A 39

Wi s £ Pl RLIAL I 1R B KB 10 AL g de K
HA 1A, Heibr 2 b it 1 in Ml f

lref =

sin—2"_;, 0<£<0.05
4x0.03
. 0.05x2n
0.9 =sin(= =" ) 0.05x 2m
XUL2 (£ -0.05) + sin(———),
0.065—0.05 4%0.03
0.05<7<0.07
-——flg———(oo7—tx 0.065<¢<0.07
0.07 - 0.065
0.1sin[ 2m(1 — 0.088) I, 0.088<7<0.098
2% (0.098 — 0.088)

(19)
32 EREHFERRAE
321 (iEAREA
ARSCR PR PWM KT it g1, 4
P OK B & I B, A8 HL ) R B8 W 7 B A (power
system computer aided design, PSCAD)#54 H 1)
TURRLN K 6 P

NG
oo G

—_ >

6 kLTSS IR B (T EAREY
Fig. 6 The simulation model of the driving of
permanent magnetic breakers
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