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Analysis and Optimization Study on Shock-resistance Performance of Marine Circuit Breaker
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Abstract: Marine circuit breaker is an essential basic device in power system of ship, and its performance under the
dynamic shock load is directly related to the safety of the entire power system of the ship. For studying the factors af-
fecting the shock resistance of circuit breaker, the circuit breaker model is set up in this paper, and the dynamics de-
sign analysis method (DDAM) and the time domain analysis method are used for simulation and study. The design is
optimized for the insufficient structural strength and verified by the shock test. The conclusions and methods ob-
tained provide references for further improving the shock resistance of the circuit breaker.
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Table 1 Material parameters of main parts

PRPERL EAs )RR

et PR H#/GPa 54 J#/MPa
KNZELEFT 4559 210 0.269 335
R 0235A 193 0.230 235
FEMIEK AR Q2354 193 0.230 235
Bk il 119 0.326 343
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Fig.1 Circuit breaker simulation model
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Table 2 Design value of impact acceleration

it Licatan AP
Jr1al A, Vs A, Vy
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| 0.44, 0.4, 0.44, 0.2,
N 0.24, 0.20, 0.24, 0.20,
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Table 3 Longitudinal (Z-direction) impact acceleration

B A BESRT BESRUR bl
J¥5 Hz kg B % ﬁ/(m-s"z)
1 26.3 334.6 63.60 75.6
3 58.8 43.1 8.20 177.5
2 36.6 28.6 5.45 110.8
178 485.4 13.7 2.60 259.0
184 501.2 12.4 2.30 308.1
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Table 4 Lateral (X-direction) impact acceleration

B R BESET BRAEETE rhilisatinek
75 Hz Hikg A4y % Eﬂﬁ/(m s7)
5 75.3 102.9 23.9 109.3
4 73.2 125.7 19.5 223.9
8 89.0 50.7 9.6 241.1
7 87.1 46.3 8.7 220.7
24 296.3 32.8 6.2 2914
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Table 5 Vertical (Y-direction) shock acceleration

B R BT BESETE btk
5 Hz /kg HOrH% JE{H/(m-s7)
13 91.8 74.4 20.3 176.3
19 119.7 55.5 14.1 360.5
22 280.4 105.3 10.5 538.1
119 342.0 51.9 10.8 1029.6
124 369.0 40.1 7.6 1113.4
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Fig. 2 Diagram of equipment assessment points
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Fig. 3 m values for equipment on different

assessment components
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Fig.4 Measured shock acceleration signal
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Fig. 5 Circuit breaker response cloud diagram
R MESCR 3 R AR AL BV RS
Bride B Wit & 12025 s RN IR DR nfE AL
B, I 5 DDAM [ iy T AR EA TR 1L, WA 6.

14r
i3l 116 DDAME[in{A
1.0+

0.8F

e

0.6F

040

0.2F

0.0

0
27350
E6 AREFZEBHLRIE
Fig. 6 m values at different assessment components
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Table 6 The optimization of parameters

fifE Fb Zf Bi/mm 1B mm R
FERIE L EREE B 4 3

LR A 5 3
CEBRS EE 0 80 20
HEZE 1Ml J5 T, 2 5 2
KyRE LR T 6 14

] 7
ARG 153 3 AL REA W2 7, SR
AL T,
RT RUBERS

Table 7 The optimised sample points mm
A A B H T, T,
Eidl 4527 4762 73534 4.0000 6.4860
Hodl 3439 3413 66955 48645 7.1643
34l 4527 3.817 74.140 48125 7.5246
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Fig.7 Stress optimisation iterative process
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Table 8 Model dimensions of the corresponding structures

AR AL Hif AR Kl
A/mm 34 T\/mm 5.0
B/mm 34 To/mm 7.2
H/mm 67.0 — —
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Fig. 8 Optimized impact stress cloud diagram
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Fig. 9 Circuit breaker impact test bench
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Fig. 10 Installation location of acceleration sensor
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Table 9 Comparison of peak test and simulation response
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Fig. 11 Bottom acceleration curve
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