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Abstract

The supersonic missile is faced with severe aerodynamic heating in flight, and the thermal stress
analysis of the warhead is very important for its safety. In this paper, the geometric structure of
missile warhead is designed, the tetrahedral element is used to discretize, and the material prop-
erties of SiC ceramic varying with temperature is considered. The aerodynamic heat of environ-
ment when flighting at the speed of 4.3 Ma is used as the boundary condition. The thermal stress
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mathematical model is established, and the temperature field and stress field are calculated and
analyzed. The results show that the aerodynamic heat of supersonic warhead has great influence
on the stress and deformation of the structure. And the rapid rise of stagnation point temperature
leads to the local stress concentration. This study can provide theoretical and data reference for
the structural design of supersonic warhead.
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AL Nastran A FRICO A, Bt 17— FERHESE LRSS SN SIC Fa e sk, e 7=
L 4.3 Ma RATI AL RSB BN T, AL 1 HLIRN B, B RAT I ] 0~400 s P 35k
IR BE AN N F1 AT TH S0, 45 81 1 3 e SR B A U AN BE Rl RKIRLEE s L 1 IRLEE S T BB
TN, yEbr TR B e S HHR 2% .

2. JLISME SR

RS SRR, Wit T EERSRHE LA AL, P 1 AT BT OAAME 500 mm KR ERERTE
JEEB NG G AME 700 mm FIEAEN, IBAZEERE 30 mm, ALK 650 mm.

Figure 1. Outline drawing of blunt sphere cone warhead
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I3k 2R SZ Wi AT 3, S IGE P T AR SCRRATR AL S, a5 MR SiC Bkt il ik
MRS R, 5B R IS B R A 4s i, RAASHIE 1 Fs.

Table 1. Physical properties of SiC ceramics

%= 1. SiC EMRNIEE M

HE/IC 20 500 1000 2000
FHAKI/(m-sK) 12.5 20.5 30.4 403
MK REL < 107 2.5 4.4 7.7 9.2

ELRE/(J/ (kg K) 600 1500 2000 2300
HPERLE/GPa 175

AL 0.3
¥ /(kg/m®) 3200

3. BUEFEER
PR AT WAL B, B0k S B AR L B R, MO RS R AN, AN 1 P R S PR

B REAT EAR SR, A5 B NI BE T (50, S5 2R i ANIA FR (R BB T, B
5 RE R 7 2R A AN Sk A 2 R R T 7 A ) B RE B

AT TH I I A5 P0G I S A U SRRt D0l s (H AR ZEAEFTAR BT BUR T A 21 (8] ETTVE
TRAE T Bl T LS5 SR AT DLELRRAE D 45 4 I 246 1) 8 A7 800t I T L AR RIT 5 o, KR 17 B R e i il
A AN AR5 [8].
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Figure 2. Process of finite element analysis
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Figure 3. Schematic diagram: three-dimensional model
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Figure 4. Schematic diagram: finite element mesh
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4.3. IR FHRIHEN
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Figure 5. Heat flux boundary condition
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Figure 6. Curve: distribution of surface heat flux
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Figure 7. Temperature field of external surface
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Figure 8. Curve: variation of outer surface temperature along y-axis
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Figure 9. Temperature field of inner surface
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Figure 10. Curve: temperature of stagnation point from 0 to 400 s
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Figure 11. Cloud chart: von Mises stress
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Figure 12. Cloud chart: overall displacement
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Figure 13. Stress: X direction
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Figure 14. Stress: Y direction
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Figure 15. Stress: Z direction
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