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Design and optimization of structure-thermal protection

integrated for missile

XU Shinan, WU Cuisheng
(China Airborne Missile Academy, Luoyang 471000, China)

Abstract; Based on traditional corrugated core structure,a structure-thermal protection integrated structure was designed for missile in severe

aerodynamic and thermodynamic environment. The coupled thermo-mechanical numerical model was established to analyze the structural loading

capacity and thermal protection performance of the integrated structure, and results show that the integrated structure has good loading capacity at

high temperature and the thermal protection efficiency can be improved by increasing thickness of structural thermal insulating layer and inner wall.

Aimed at maximum thermal protection efficiency and minimum structural mass, non-dominated sorting genetic algorithm- [[ method was adapted to

achieve multi-objective optimization. The optimization results show that the thermal protection efficiency factor and structural mass of the integrated

structure interact with each other, so it needs comprehensive consideration when designed.

Keywords: missile; loading capacity; thermal protection; integrated design; optimization; genetic algorithm
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Fig.1 Corrugated core structure
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Fig.2 Integrated structure design

&1 SYI000 #1581

Tab.1 SY1000 material parameters

wE/ PR
(kg/m®) ¢!

i R A Halze/
(Wem™ - ¢7) (Jokg =€)

2.45-107% ~
200 0.016 ~0. 064
3.09-10°°

725 ~ 1100

R2 HESMBSH

Tab.2 Titanium alloy material parameters

R/ W RE PR Wk #2550
(kg/m*) (W-m™'-C™") (Pa) (c-h
7.5+10°~ 9.2-107%~
4400 6.8~11.8
1.09 - 10" 1.06 - 1073
3R A R/ LA/
_ _ MEL/NEA
(MPa) (J-kg'-c1)
590 610 ~702 0.3
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Fig.5 Temperature load
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Tab.3  Grid convergence test
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Fig.6 Temperature distribution
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Fig.7 Structural design of cabin
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Fig. 8 Stress distribution
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Fig.9 Thermal protection efficiency
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Fig. 10 Thermal protection efficiency
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Tab.4 Pareto non-inferior results

ShEE RFREVZ S AEE B 4l

R, TR/ JREE/ PRURE/ R/

mm mm mm % kg
ZER1 0.4 1.4 1.2 60  0.457
ZEH2 0.2 2.5 0.3 58 0.189
ZEHL3 0.2 2.6 0.2 57 0.165
LG T 1 1 55 0.558

(a) MRE K

(a) Temperature distribution
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(b) Stress distribution
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Fig. 12 Distribution of result 1
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