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Fig. 1 Graphical representation of the shock response spectrum
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Table 2 Specification of SRS

Far field Medium field Near field
Frequency/Hz Amplitude/g Frequency/Hz Amplitude/g Frequency/Hz Amplitude/g
100 80 100 150 200 250
450 600 300 200 1 000 4000
900 1 000 1500 3000 1200 5000
10 000 1 000 10 000 3000 10 000 5000
10* 10 -
(a) Far field (b) Medium field A e 104 k(c) Near ﬁelfi,._‘..... _paay ]
10°F B i o i i 10° £ P
QD D QO QO 103 + o
2 ; 2 . ,f;";/;Damped sine 2 -»-Damped sine
| 7 Damped e P T T 2 S Do
" Specification --- Specification --- Specification
---Upper tolerance (+6 dB) ---Upper tolerance (+6 dB) ---Upper tolerance (+6 dB)
---Lower tolerance (-3 dB) | ---Lower tolerance (=3 dB) 1 ---Lower tolerance (-3 dB)
10! L 10 L 10 L
10? 10° 10* 10? 103 10 103 10
Frequency/Hz Frequency/Hz Frequency/Hz

B 2 BHJEIESZS /N A B SRS T 455X LT

Fig.2 Comparison results of damped sine and wavelet
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Table 3 Comparison results of damped sine and wavelet

Far field Medium field Near field
Parameter
Damped sine Wavelet Damped sine Wavelet Damped sine Wavelet
Objective function value/g 442 294.9 103.7 890.1 155.5 1491
Time/s 142.2 142.1 139.7 139.2 81.9 80.2
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Fig. 4 Comparison results of empirical parameters
and optimized parameters for far-field SRS
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Fig. 5 Comparison results of empirical parameters and optimized parameters for mid-field and near-field SRS
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Table 4 Parameters of AGA

Parameter Value Parameter Value Parameter Value
Population 40 P, 0.1 Py 0.75
Ma’“n;‘l“;e:t‘:)‘g‘onary 200 P, 0.05 pLs 0.01
P, 0.9 P 0.005 PUB 0.1
P, 0.5 P8 0.5 Puo 0.05
P 0.1 P 0.9
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Fig. 6 Comparison results of GA and AGA
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Table 5 Comparison results of GA and AGA (OFV: objective function value)

Far field Medium field Near field
Algorithm Current Total Current Total Current Total
OFV/g . . OFV/g . . OFV/g . )

generation  time/s generation  time/s generation Time/s

GA 44.20 200 142.2 103.7 200 139.7 155.5 200 81.9
Crossover first AGA 44.05 115 147.1 102.9 102 135.1 156.8 127 82.9
Mutation first AGA 44.29 128 139.8 103.9 137 136.1 155.4 158 83.6
Uncertain-order AGA  44.25 89 172.1 103.1 87 143.0 155.3 98 102.2

5 MR BoR, B R EUE S BT U AH R BB R, AGA H GA JF i Btk it BB UME £, 4
FEANE M AGA, 438 H 2R N . 58 W4T (Crossover First) Fl148 5547 (Mutation First) AGA H1 Y HE
FIEBEE H b eR 0 bR v 22 110 8 B 00, S i Y 2 > AR A i B R fa #, TS € 19] (Uncertain-Order)
AGA 1 IR 32 B Y AR e 38 L R S /NIl N BE(E R 276 2 e, TE LAk 2 v 58 SURE 32
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N GA I 21%) o £35S E 6] AGA XF TR 45 R 1 Bk, sH i ) 35 2 vl AR 32 19

ANSE 1) AGA A T3 T A5 (%) Jorm 3k J38 ek 1] g 2 ph 26 an 1) 7 o, 5 1 4 o < sk 3s8 0E + 44263, v
AR Ay oo 28 £ 12 FH T 85 4 B4 il 7 3 BT 53155
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Fig. 7  Acceleration time-history curves
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Fig. 8 Comparison results of uncertain-order Fig. 9 Comparison results of mid-field SRS
AGA and Ref. [19] under different population numbers
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Time Domain Reconstruction Optimization of Pyrotechnic Shock Response
Spectrum via Adaptive Genetic Algorithm

SUN Wenjuan'?, CHEN Haibo', HUANG Yingqing'

(1. CAS Key Laboratory of Mechanical Behavior and Design of Materials, Department of Modern Mechanics,
University of Science and Technology of China, Hefei 230026, China;
2. Institute of Information Engineering, Anhui Xinhua University, Hefei 230088, China)

Abstract: In order to solve the problem that the existing acceleration reconstruction methods rely on a large
number of test data, this paper compares the performances of two different acceleration reconstruction
methods, the damped sine and the wavelet. The evaluation of the quality in reconstructing shock response
spectrum (SRS) is transformed into the minimum optimization problem of the matching degree of the
reconstructed SRS with the target spectrum. The adaptive genetic algorithm (AGA) is applied to the
optimization problem of SRS reconstruction for the first time. This paper compares the performances of three
different AGAs in time domain reconstruction and optimization of SRS, which are crossover first, mutation
first and uncertain-order AGAs, and compares them with the genetic algorithm (GA). Numerical tests show
that AGA’s optimization results are much better than GA’s, and the results obtained by uncertain-order AGA
are the best among the three AGA methods, through which all frequency points are within the tolerance
range of (-3/+6)dB. This research provides support for further improving the response simulation accuracy
of spacecraft structure under pyrotechnic shock loads.

Keywords: shock response spectrum; pyrotechnic shock; time history synthesis; optimization; adaptive

genetic algorithm

052301-10



