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Abstract: As the core component of vacuum circuit breakers, the arc resistance and ablation characteristics of the
arc extinguishing chamber determine the breaking performance and service life of the circuit breaker. Therefore , in
this paper, a lightning arc contact ablation model considering the flow of the anode molten pool is constructed. Differ-
ent current intensities are used as input conditions to simulate the transient process of arc burning. The influence law
of current size on anode ablation in the transient process of lightning arc burning is summarized, and the influence of
different current intensities on the anode thermal process is deeply analyzed. Subsequently, a central composite ex-
periment is designed based on this model, and a contact material composition optimization method based on the com-
bination of neural network and NSGA-II algorithm is proposed to determine the optimal composition of copper-based
multi-component contact materials. Finally, the optimal mass ratio of contact material content was determined as Cu
77.13%,Cr 5.86%, W 10.69%, Ag 5.93%, Graphene 0.39%. Before and after optimization, the mass loss and axial ab-
lation velocity decreased by 50.2% and 41.3% respectively, and the maximum temperature decreased by 5.63%. This
research provides theoretical basis and technical support for the development of new contact materials for vacuum arc
extinguishing chambers.
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Simulation results
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Table 3 The relevant index values of the neural

network model

iR B PRI E enwse MR RHR
m 0.1019 0.9456
v 0.076 1 0.9536
T 0.2950 0.9345

FH &1 10 F1ER 3 AT A5 . I ) i 26 ) 48 RS R A
U A OGS H5 s I R S R 18] ) 4 25 57N
ey 4 200 12 5 AR 22 2K P AL /IN | T A DG M R B0
1o X AT DASE A3 Ul B2 A 28 D 24 T LUK o H A 3R
S SRZ AAELMEIC R X I S0 ik Sk AR
SRR A S SR AL T AT S AR R SR
42 EFNSCA-NEiERI bt B

NSGA-II53% T 2000 4F- % Deb 5573 42 1) , 1
SUGIWANST B | a6 D5 B R e
TS v IR 1 NSGA SRk % i va AR B oy I B
AR A GRS R DL 11

1E2 Hbpl b girt, — s fe e 24> iR ek
Bers BRI B . Pareto 22 & 48 7F H bR s 8]
RN R BRI AE I H s LA T2 S
TR R . BRI, X T Pareto 22 TP AR R
— Al AN T BE AR B A A (Ao X A A A A
JIF A B b eR AL L2 A B g T 2 D AR L A
— A BFRRE L LZ R 2 Pareto SRl H 52
AE A XS E H b A b A )iz AR T
ANTF Y HARAUBE XE R o Pareto Hij T /& Pareto 42 7E H
Bz [ HPOE — BT T, 07 Pareto AV L AR 2 TE
Z BRI R GRS I8 B 0 S AU R AR 51

fik Sk B BHOG A 2 — A LR 1 22 B B4k 0]
L TESEBR T AR il Sk AR 2L (W] I A2 220
b H R, HAx 8 H R Z [8]38 5 A AE & A AL 2060 0¢

MINSHEARBFREIN ERKET, S XAFHP,
ZSEMAP,)

]
VG RR(E & :Cu. Cr. W, Ag.
Grapheneili &4} %4)

v
TFEAMRERNE(RE: FEBA. Bl
M. i)

!

— e FHE T HE B
!
EFE. X GRBEAE R TAR (A XU
Rp. BREEP,)
!
GIFTARE AR
v

o

ECREHF . RN

ref LR

11 NSGA-N & FREE
Fig. 11 Schematic diagram of the NSGA-II algorithm
F, DAHOXE DL i B — E AR AL D7 125306 /2 BT A H AR
RS 3Y W
1) FI bR R 1E$E o AR AL U 8% 45
AN SR A W BT U o A A o, e HUGE
ThUBT EEA R R e R R A e R A B bR . &
DA Y B L™ A i 2 (18) L (19) T BRE X
], DA PR Ab i R A 5 PEAY 2 s () N iR AT
N fil Sk AR B kA
min Q) =f, (Cu, Cr,W,Ag,G)
min V=£,(Cu,Cr,W,Ag,G) (18)
min T'=f, (Cu, Cr,W,Ag, G)
Hor i Sk ARG A 72 B ) IRUEE LR
70% < CuiT 72 < 80%
2% < CriTi A < 6%
<WHEEH<11% (19)
3% < AglR hE AV < 7%
0.1% < Grapheneﬁ%ﬁj\ﬁ <0.5%
2tk RS R A Sk . £85d NSGA-
NH &2 WEAUE T | AR pareto 3F ST
AR UL 12, % T s Sk b b ik A% 00 H A, A
WL T 2 HARUAL I, 75 Pareto JE S BCAE SR,
KO0 18 1 B 4012 A8 T3 A e e Ui S 4 4R T
BAOKFHEFARNSEN G . &0 5iH53R,




W57

T B, £, LR, AR RS AR T LA AR Sk e BT B Al + 51

o 2 0 M Sk AORL T B LU 1 S O A3 S8 Cu
77.13% , Cr 2} 5.86% , W 2K 10.69% , Ag & 5.93% ,
Graphene 47 0.39%,

9 Parctofi#4E

0'043.%‘1 Je
B 12 pareto JES7 FifiE £
Fig. 12 pareto non-dominated solution set
PALHT T HOCHI S B AL XS e L2 4.
x4 RUBTEHRUSHREENT

Table 4 Comparison of optimization parameters and

variables before and after optimization
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