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Abstract: Vibration environment simulation tests for missile road transportation are essential for
equipment development and reliability verification. Conventional full-vehicle simulation tests, however,
suffer from long development cycles and difficulties in obtaining realistic excitation signals, which often
leads to inadequate reproduction of the complex coupled vibration environment. To address this issue, this
study proposes a data-driven excitation signal reconstruction method and compares its accuracy with that of
a model-driven approach as the benchmark. First. a long short-term memory (LSTM) neural network
model optimized by the quantum-behaved particle swarm optimization (QPSO) algorithm (QPSO-
LSTM) is constructed to achieve high precision signal reconstruction. Second, a rigid-flexible coupled
model of the “transport vehicle-packaging box-missile body-missile components” is established based on
multi-body dynamics theory to obtain the model-driven reconstructed signal. Finally, the reconstruction ac-
curacy of both methods is compared through simulation tests under different road surfaces and vehicle
speeds. The experimental results indicate that the data-driven method achieves an average root-mean-
square relative error of 1. 54% , which is significantly lower than the 5. 15% obtained by the model-driven
method. This performance advantage demonstrates the superiority of the data-driven method in engineer-
ing practice.

Key words: projectile transportation; signal reconstruction; data-driven; model-driven; neural net-
work
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Tab.1 Test conditions

R T I H 5 R A R

1 N BE B 32 i 15 L 10 km/h
2 il T 32 5 A A A 10 km/h
3 A AR 8% 32 A A 10 km/h
4 b A7 3 i AU 10 km/h
5 iy T 8% 35 A A 40 km/h
6 Bt AL 28 i 1

7 1 5% A7 050 il 1 3 1~20 Hz
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Tab.2 Comparison of prediction accuracy among

various models
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Y 4.02 2.49 0.727
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Va2 5.01 3.16 0.664
Vi 1.71 1.45 0.940
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Yaz 1.89 1.31 0.933
. ) Va1 1.69 1.16 0.951
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Vi 1.79 1.21 0.956
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Fig.7 Coupled dynamic model of transportation vehicle packaging box missile body missile components
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Tab.3 Parameters of rigid flexible coupling

dynamic model
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m;=5.35 kg L,=0.68 m m.=25.68 kg
my,=6.15 kg L,=0.37m 1.=9.53 kg * m*
my;=9.35 kg L,=0.71m my;=>500 kg
m,,=4.23 kg 2,,=0.09m | [,=2.9x10"kg * m’

by =3.97<10°N/m | x,,=0.43m m;=32.5kg
kyy=9.76X10"N/m | 2,=0.16m k=19 MN/m

kyy=9.36X10"N/m | 2,,=0.19m € =200 N+s/m
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,=2.5kN/(m+s) ¢,=0.23m ;=600 kN/m
;=3 kN/(m-s) ¢,=0.04 m €,=0.23 m
¢,,=1.7kN/(m-s) ¢,=0.38m ¢,=0.38 m
2,,=0.48 m ¢;=0.84m d,/=1.22m
2, =0.22 m d,=1.83m
2,5, =0.21 m 57 =0.9m
2,5,—0.56 m 5;=1.8m
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