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Coupling Thermo-Mechanical Analysis on Strength of
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Abstract; To investigate the temperature , stress and strain condition of missile case flying at certain al-
titude, and examine the structural strength of case,the aerodynamic heating computational method of missile
case was studied. Aerodynamic heating boundary condition was simplified , and the 3D finite element model
was established to compute the temperature changes of case along with the missile flight time. The computa-
tional results agree well with the wind tunnel test results. The coupling thermo-mechanical computation
method in ABAQUS was analyzed, external loads were exerted to this model according to different time, and
the coupling thermo-mechanical numerical analysis was realized. The coupled thermo-mechanical loading test
was carried out. The computational results agreed well with the test results. Both strain and stress are smaller
than the ultimate value. This finite element computational method may be applied to the coupling thermo-me-
chanical intensity analysis of the case in Solid Rocket Motor.
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Fig. 1 Loading process of coupling thermo-mechanical
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Fig.2 Finite element model and the local grid
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Table 1 Material parameters of ultra high strength steel

Temperature/K Modulus/GPa oy ,/MPa o,/ MPa
20 200 1368 1592
100 200 1365 1588
200 196 1359 1584
300 186 1314 1579
350 165 990 1512
400 163 972 1376
450 157 891 1279
500 149 783 1029
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Table 2 Thermophysical property of ultra high strength steel

Density Thermal conductivity Specific heat
Material
/(kg/m*) /(W/(m - K)) /(kJ/ (kg - K))
D406 A 7800 21.77 0.486
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Fig.3 Load distributions in the different sections of case
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Fig.4 Boundary conditions
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Fig.5 Changes of temperature with the flight time
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Fig. 6 Outer wall temperature of the case after 20 seconds
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Fig.7 Finite element results after 9. 67 seconds
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Fig.8 Finite element results after 20 seconds
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Table 3 Finite element results and test results

Finite element

Items Test results  Error/%
results
Max 9.67s 24.8mm 26.2mm 5.3
displacement 20s 23.6mm 24.8mm 4.8
Axial  3.1x107°  3.5x107° 12.3
9.67s
) Hoop 5.2 x107? 4.5x107°  14.5
Max strain . N 5
20 Axial 6.6 x10 " 7.3 x10° 8.7
S
Hoop 6.2 %1073 5.6x107°  10.6
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