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Abstract: In the process of opening and closing of high voltage circuit breaker, the strength of transmission system
directly affects the mechanical fatigue life of the product. For the 550 kV circuit breaker, the voltage level is im-
proved compared with previous products, which means it is more difficult to meet the requirement of mechanical life.
So it is necessary to predict and improve the structural strength of static side transmission system more accurately to
meet the fatigue life target. In this paper, the flexible transient dynamic model for static side transmission system of
double moving self-energized interrupter is established. The model is based on Hypermesh for pre-processing. The
transient dynamics is solved by Ls-dyna. During the analysis process, the explicit algorithm is used,and the grid type,
contact type, gap influence, collision impact are fully considered. The stress simulation results show high stress risk
in the key parts during opening and closing operation under different speed conditions. Taking the pull rod pin as an
example, the high stress distribution map and stress time domain curve are listed. The peak stress reaches about

380 MPa, and there is room for optimization. At the same time, the results of contact force, velocity curve and system
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energy between components are also output. These simulation results show that the magnitude and direction of con-
tact force and the change of speed are in line with the actual movement trend. The hourglass energy has never exceed-
ed 5% of the peak internal energy, and there is no obvious slip and penetration in the contact. So these results ensure
the rationality of the simulation analysis. Then the design concept is optimized for the high stress area and compared
with the baseline concept by simulation. The comparison results show that the peak stress of each risk point is signifi-
cantly reduced, and the stress reduction ratio of the risk point on the cross beam, guide rail and small gasket can
reach up to 50%, which means the optimization effect is obvious. The fatigue life of the optimization scheme is ana-
lyzed, and results show that the stress risk point of the key parts can reach more than 10 000 times. Finally, the me-
chanical life experiment is carried out, and results show that the optimization scheme can meet the requirements of
ten thousand mechanical life without excessive wear, which verifies the effectiveness of the simulation results and the
optimization design.

Key words: high voltage circuit breaker; transient dynamic; explicit algorithm; static side transmission system
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Fig. 1 Topology segmentation and meshing




<158~ 2024 4E 4 J

Eudz

o0t 4

DUAH R 73, Al RASE SOt AR R i b
Ay EIRRAE KI5
2.1.3 MHAHK

1% 8 R GEAE S W) TAE o A v 25 K 2 06 25 o
BT, PR AR N T o T e BT K, FEAL
WA AR T, 2% 2 BULE LT R k& A
W24 (A 5, DR e A 7E TR R A AR v, A
(AR iIVPARAZ R N N B R EU R vp S - S A
ARIE 55 RS, 7R PP DL T S5 Mt By & A v A
T, FE A ARG AR o R AE 43 BT v 45 4 sk iy
MPEST R R o SCH R MAT24 4R X 454
TP A TR R E S, 25 B8 T MR S DL R R
BB
214 DFEA

DESRIZGER . e A it B b, vk 22 LT IR
FRf ik AN g, A Rk 2 2 fLI 6 A~ A i .
Ty AR i Sk 527 3 fioh S JRE SRR 20, LT Hogs
WA XAl %) IF 1) 2R 4732 By, DR O e s e oI f ks i g
Jry B IX 3 X A% [ B, 29 [ R B
1R EI A Sk 7= A At 7 1) AR B

AT o B ME R G 12 B F BT S8
NS P i R AT IR Bl . XA B4 i B R S X 3,
W) IR S R & & R L B 93 NI la o3
KA ) B e Ry I, 8053 9 KE 7.0..7.5 m/s P
TS 25 T RE T 1) 0 B2 8, [R]85 T 1
43 wm/s G WIzsh. LL7.5 m/s S35 5 BE 1Y 45 il
BRG], SR BRIz ) At S0 4 ] 2
L2

.

EE/(m e s™)

0 5 1|0 ll5 2IO 2IS
FAEmF8]/ms
B2 IRF0EE L (FRE 7.5 m/s)

Fig.2 Velocity driving curve(average 7.5 m/s)

RS Y i R 1 A AR 00 R R 2k i B
JE fiph Sk 40 5K T B SE R o o3 IR xSk e o 06 £
2 kN B 7, S HERT B ANk SR i 5 460 5 1 R/
B 1 kNG 55 7 B0 RN [a] S (i 4 i ELAR o
T INEL, A SN OR ST, 5 TR A4 5K it o 2ot A
[Fil 7 ) o R AT

3V AR Y BT B A A SR A
£ BV 2 RN W
Fo=p-F, (6)
RO F, WIEST s =gy + (- p)e " HfiE
BERB, p, WOWVEERE, n, IR R, c
Yok 5, v Ry 2 Ak T ) ) R X R I ALl 3 ol
P BB MG 1 IR L, i e R 4 B B 2R
VB R A R A AA , 3BE b 7= A A AR 7S AR A3 AT
o BB EEE AR T - py=p, =001 BN s gt
WAL T 30 43 filXF o 7E Ls-dyna 24, 7776 2 Fh %
il TR | S HR 3 XL %o R Ak, 1) 5 R KR A
2 DT Z ] AT R0 48 2%, 51 o 50 T B
TCRSE LA B M R e, fo P 3 o ik 2 78 ) e Ak
AR A A2 B ad B P S 5y R A B Ak R B 5 )
Hh3hE e TR EE A R HE e T RRCR
22 KRFPEE
FE R B 12 E R Y v B s TR
ANTF I B A BE AR UE SRR, It ALt () 2
K BT R GEAE TCBHE 2514 T 1 5 e [ A%, 2
X H
Ar<Ari=_2_ (7)

w max
27, A R T AR I L iR
SR 7 1 5 e AR v g /N BT RS 1 B ]
Nﬁiﬁmﬂw%iﬁﬁﬁiﬁR#ﬂW%M@

JERB, RPN o SCH A4 FLASE B 8% DAy 75 T A
Solid FyT. LARERS IR SIE F A T A AR i
U I X FZR I o o AUSRAPRL A I, AN ) A
TLARR B AERL A TR A SRR AN R, SO R Y
Solid FITCAY A AN

c= j—E(l_”) (8)
p(l +1J)(1 - 211)

K@) E M A 0 AL s p NEE
=08 AT, /N RS R i TR K
PR I 75 22 4 1) B TT 1 R /N Bk, DA 1B B
Koo ARJR AR v AN ] b G A7 AR A S0l RT3 /N Y
G, A A SCE K T REE AT T BT R I B
mHEE K, SEGTAATE . Ls-dyna 1] Uiz F i
8B T A B A /N B TR AR A R R G
SR AR A G 2SN S BT T i, SR AR IE H FRAs
(25K o AEAE S AL BRI I X o ek 208 1 L 3],
TEZE SR AT R0, 35 R 1) o o 40 I LU B 25 e 3 s
RRHE,

Bl 1 2 SR AR AR SR 48 B oy B TT ok b 1



W5 73

MR, PRAEZE, 5K 12, 45 W8 A eI E Ml 3h RGea =i 2 5k +159-

B, LA DU IR BT RN T AR BT A B £ FH 4
Uy o BARKFN LA SR H A 350%, JF Hdpe ik
FRRE A it , AL AE S A 7™ A A R0 By 437 8% AR T
(AN I AR I 25 7= T F B4R, s BRI
TR N AFBE N, 27246 51T NIAIZ ol (1 2 pE s
3, FRES R LT, IR EHE TV

SCH A R A ISR AR K R 0.015 s,
TERARECN 0.9, Mg id sh B B A
li] 1 A v A% 3l 2R B3 8 iear 20 1 9% v B B 1 B (]
YER B TS SOREAN S 8T /™ w7 19 52 4%
T HAR S TIHRERCR . S T m/s 5953 )
ST R 16 ms, V-4 7.5 m/s (1943 7] 53 By I
K15 ms, FEHHEEF 4.3 m/s 194 53 81 5 KR
24 w/s. BEE R SE I ENDMAS, 3 8 75 U 4 il K
TH0.1,

3 HESHER

3.1 Ao
3.1.1 BARBEA

L5 H 4375 B R S FEHLAE 7.0.7.5 m/s
AR89 53 1B 1R S A = B, L K 4.3 mis
SR B A TN AR A E

Hif7. GPa

—8.020%10™
[5.400>< 10"
4.725%10™
—4.050% 10"
—3.375X10"
—2.700% 10"
=2.025X10™
1.350X10™
[6.750>< 107
0.000X 10°
(a) 2 I % B F3 53 A1
Hifii: GPa
—8.020X10™
I 5.400%X10™
4.725X 10"
—4.050X 10"
—3.375X10™
—=2.700%10™
=2.025X%10"
1.350X 10"
6.750X 107
0.000% 10"
(¢) 6 s %N 3 73 Ai
Hif7. GPa
—8.020%X10™
I 5.400%X10™
4.725X10"
—4.050X 10"
—3.375%X10"
—2.700X 10"
=2.025%X10"
1.350X 10"
6.750X 107
0.000X 10’

it 3t I AR A 2 BT, AT AR R TR
AR LA IS 220, S o O 11— 8 32 A 52 e
ZOH AP TR BE A R A B AR IR 10 7 A K s 220 1Y)
=B AT A TR BRI fE R X
S DARIAFEE 0, b TR e A% 3h R gL st
TR E R AR E BT AR A B
I FEBE SR BAT R . I T 7.5 mis Sy RREE T,
ANTRNEF Z R REATFES 9 AR A A D0 LR 3, MAIET 3 1)
VLT B 5 R 1A A B o v i = 3
SRS TE R BE D7 ] b ARSI 5, i S 1
SEE I AR R R AR SR A B BRI R AR
[ RO 1 S O A E =L o i T A £
NS B S IR S BT B RO A AR
TR AR LA S AR 7 55 ARl o 7 ) XU X8, Sy R
— LA T B E B
3.2 E AR
X Pl P9 RS s A 07 g Iy St e ) 1, T
13 B Iz e B b W B[R] A A2 A, AT A L
T BN g o RGN 3 A RE L 380 T — 201
AR BRI B AR AN, 7 o AT 55 13 1 7
it £k DL I 4, T IRVRE A 05 145 310 55 S0 1 XU
AT HiES
Hf7: GPa
—8.020X 10"
K500
—4.050X10"
—3.375X10"
3010
1.350X 10"

6.750%X10°
0.000X 10

(b) 4 sEFZIR S 55 A

Hifii. GPa
—8.020X10™
I 5.400% 10"
4.725X10"
—4.050X10™
—3.375%10™
—2.700%10™
=2.025X10"
1.350X10™
6.750X 10
0.000% 10"

(d) 9 st 2 A3 53 A1

(e) 12 s %R F3 55 #ii
3 BTEESRS W ERAEE ST

Fig. 3 Stress distribution of the rod pin during opening process of circuit breaker
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