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Abstract

When the hypersonic vehicle flies at high speed, the surface of the airframe will reach a very high
temperature, and the mechanical properties of the structure material will change greatly. Under
the combined action of thermal stress and external excitation, fatigue failure will occur to some
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extent. In this paper, the dynamic and thermal characteristics of the stiffened panel of an aircraft
are analyzed, and the finite element method is used for numerical simulation. Then the tempera-
ture distribution of the panel is obtained, the effect of temperature on natural vibration frequency,
natural vibration mode and fatigue life is studied. The fatigue life of aircraft wallboard is esti-
mated by using the frequency domain method and compared with the time-domain method.
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Figure 1. Finite element analysis considering temperature and
random vibration load
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Figure 2. Geometric model of stiffened plate of aircraft

B 2. ®ITRR AR TR

N Y 3 G P A S LR S A R A P AR R T e, 7EABAR AL A R TER ) Sizing 12
R AL R BP0 AT SRR 2 18] % & N Bonded &3, K H Fixed support )7 AR IR R FLAL
BN [ E 20 . AR R SR S 4 GHA169 1E IR B 70X 5« GH4169 7E 650°C LA T H A =1
SRIE. BIY . REAMEREAUE S MERE . AL, I HAA RAFMIEREEERE, DLl P A A A 4 R 1 R
ZAA A TE-253 & 700°C iR BV Bl Y 2R Re AR E  FEML MR BB 5E T 4520 1) 2 IS H - GH4169

DOI: 10.12677/met.2021.105058 523 HUBE TR S HER


https://doi.org/10.12677/met.2021.105058

15

2

43

M E R p= 8.24x10° kg/m® , JAFALL A v=0.321, HARMESHIIE | Fim.

Table 1. Thermophysical parameters of GH4169
= 1. GH4169 #HMSH

7/C FHRE AR LA PP
100 14.7 0.321 473 200.4
200 15.9 0.322 475 192.5
300 17.8 0.323 481.4 181.9
400 18.3 0.329 493.9 175.5
500 19.6 0.339 514.8 168.5
600 21.2 0.344 539.0 152.6
700 22.8 0.355 5734 141.8
800 23.6 0.361 615.3 128.3
900 27.6 0.371 657.2 115.2
1000 30.4 0.381 707.4 100.6
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Figure 3. Temperature distribution under temperature loading at 100°C
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Figure 4. First six modes of vibration under temperature load at 100°C
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Figure 5. Variation of the first 6 natural frequencies of stiffened
plate with temperature
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Figure 6. Random vibration analysis of stiffened plate
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Figure 7. The frequency corresponding to the temperature peak

point of different base plate
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Figure 8. PSD value of temperature peak point of different base plate
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Figure 9. Peak point temperature corresponding to different base

plate temperature
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Figure 10. Variation of fatigue life of stiffened plate with temper-
ature
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