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A thermal-vibration coupling simulation method for
structural model of a rocket instrument cabin

XUE Jingtian', DONG Longlei'", LIU Zhen', ZHAO Jianping', DING Zhenjun?, WANG Xiaoyi®
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Abstract: The conventional thermal-vibration coupling method lacks the consideration for the changes in
the thermal characteristics of materials, which affects the accuracy of simulation analysis. Therefore, in this
paper, an analysis method by dynamic coupling of thermal characteristics and vibration was proposed, and a
dynamic thermal-vibration coupling equation was established. Based on the flash transient method, the thermal
characteristic parameters of materials were obtained and applied in the numerical simulation of structural heat
transfer process. The results show that whether or not the variation of heat transfer characteristics of materials is
considered exhibits a great impact on the heat transfer process simulation results of the structure, which will
further affect the simulation results of the stiffness characteristics of the structure, resulting in errors in structural
modal analysis. The accuracy and reliability of heat transfer simulation analysis can be improved by the proposed
dynamic thermal-vibration coupling simulation method.

Keywords: rocket instrument cabin; thermal-vibration coupling; numerical simulation; flash transient
method; stiffness change
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Fig.2 Three-dimensional model of the rocket cylindrical
instrument cabin
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Table 1 Material parameters of the rocket cylindrical
instrument cabin

WP, | SRR HGH/ LA
C GPa (W-m' K (ke CY
20 206 52.34 472
100 203 48.85 480
200 182 44.19 498
300 153 41.87 524
400 141 34.89 560

MR FE 0.3, %5 B 7900 kg/m®
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Table 2 The first six natural frequencies of the structure at
different temperatures

- Gy Bz
e 1 | 2B | 3B | 4By | SBY | el

20 24.697 | 47.871 | 184.76 | 189.01 | 216.72 | 229.77

200 [ 24.544|47.564 | 183.83 | 188.03 | 215.25 | 228.45

300 |24.407 | 47.288 | 183.14 | 187.31 | 214.19 | 227.50

400 | 24.249 | 46.970 | 182.25 | 186.38 | 212.79 | 226.27
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