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Abstract: Complex coupled loading environment is the main reason that lead to destruction of the hyperson-
ic inlet structures. With the purpose to predict the behavior of the inlet structures subjected to combined mechani-
cal, thermal and acoustic loading, thus guiding the structure design and test, we studied the thermal-acoustic
dynamic response characteristics for the titanium panel simply supported on four sides. Firstly, according to
large deflection hypotheses of thin plate, the thermal buckling coefficients and the thermal mode characteristics
are obtained with the combination of finite element method. The thermal—acoustic response is calculated by ordi-
nal coupling method for the panel. The nonlinear processing of the computation is carried out by Newmark time in-
tegration method and the frequency response property of the center of panel is obtained. The time domain re-
sponse curve of titanium panel under combined static pressure, thermal and acoustic loading is calculated based
on the random sound pressure load obtained by the Monte Carlo method. The results show that the critical buck-
ling temperature of titanium panel simply supported on four sides is lower under the thermal-acoustic loadings

and it is more easier to buckling. After thermal buckled, both the mode shape and frequency are changed and the
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complex nonlinear characteristics is presented in the thermal-acoustic response. Under the combined loads of

static, thermal and intensive acoustic, the snap—through duration of the panel becomes shorter and gets into

post=buckling faster due to static stiffness hardening / weakening effects.

Key words: Titanium panel; Natural frequency; Thermal buckling; Thermal-acoustic loading; Dynam-

ic response
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Table 1 Physical characteristics of TC4
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100 91x10° 0.624 1103 4440 0.342 Theoretical ~ 23.05  24.36 2620 28.56 31.45

Fig.1 Geometry modell of the plate
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1140 ik

20194F

AR Z T B, B — B A A O 0, I IR 45 4 4k
Tl B RS A Sy AR B AR il AR ST L A
He HE AT AR, oy 0 T WA A T A 40 R g
I, EEEAE — Bl S RS

Table 3 The first five order natural frequencies of the

titanium alloy plate

S f/Hz /f»/Hz fy/Hz f./Hz fs/Hz f/Hz

0 59.38 132.66 164.43  237.63 254.99 339.89
0.2 53.11 126.58 158.39 231.61 248.98 333.90
0.4 46.00 120.20  152.10 225.44 242.83 327.81
0.6 37.56 11346 14555 219.10 236.52 321.60
0.8 26.57 106.30  138.68 212.56 230.04 315.27
1.0 0.97 98.61 131.46 205.82 22336 308.81
1.2 90.28 123.81 198.85 216.48 302.21 322.28
1.4 81.09 115.66  191.62 209.38 29547 315.58
1.6 70.71 106.90 184.11 202.02 288.56 308.74
1.8 58.53 97.34 176.29 19439 28149 301.74
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Fig. 6 Tendency of the first sixth order natural frequencies
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Fig. 7 Change characteristics of modes before and after

buckling

Jeth i I B AR DU B I B AT DL F] AR
jJTE'F?ﬁIQ**’JN'JV%Z‘Wy:EEE& o AT 53 045 A Y A5
AR B S A WY A A e A I S R R R Y
#ﬁu%)EfF”Tﬁij)u B iRy I 25 2 o 24 4 g o iz 7
A0, DR A PER BT A 45 A R AR R T, 6 A
JEIELEE B

3.2 A EHIRIFFIER R

POSE S3AE IR, 45 K 19 4iR sl #5825 n] g 2 & A= W
AL, DTS R 0 3l 4 2 A 2L R AR T B &5
R 7 o Xk T TRAT A T TR A2 7 e A IR S
A A B 25 M AT RS BRI B B 58 B S BE A 4G
g, 3o S BE A 45 F A B /i 25 2 R S TR RS
RO R W, 5 e ik R R 5 Ol S i o AR RUE
BE AR 45 09 S T 7 0 B, 3 T a8 1R DY 3 SR
T B HL A 280 7 K i 280 36 [ A R (9 48 5 i R
[F)

BEMR Y F 3R 3 B0

D
fo= = [=LF, =]
2ab | ph = 2ub ph

B S R D, = FOA BRI 45
12 1—,L)
wh(1+B) E
= 12
fo 45 3p(1-p?) )
Tﬁfﬂﬁ——,uﬁzﬁfﬁ

b =T A B BE A Y B0 R 66.75Hz, % IR
M KB BE AR T8 i AR Ze M s ma L R A BR OT 7 vk xR
7] Fe 3 °F R RE AR [ A7 A% 1 A7 153, 25 R n 3R 4 B
7 A5 3 AR LA R 66.79Hz, 5 HISE — 5, H & 8
A LLVE Bl #0053, BE AR G T LB [E A A 5
SEPLBG 0 A R A X F R T ) AR S B

Table 4 The first five natural frequencies of the titanium

alloy plate

Pressure/Pa  1st(Hz) 2nd(Hz) 3rd(Hz) 4th(Hz) 5th(Hz)
0 66.79 140.28 194.60 267.96  391.02
100 67.94 140.85 195.12  268.36  391.36
200 71.03 142.41 196.55 269.46  392.32
500 84.81 150.09 203.54 274.95 397.11
1000 106.53 164.16 216.41 285.49  406.39
1500 123.99 176.91 228.15 295.55 415.35
2000 137.73 187.77 238.14  304.46  423.37
2500 149.83 197.77 247.42 31293  431.06
3000 160.77  207.09 256.16  321.05  438.51
3500 169.51 214.90 263.34 327.96  444.88
4000 178.06  222.59 270.55 33492  451.35
4500 185.99 229.83 277.38 341.58  457.59
5000 193.47  236.74 283.96  348.04 463.67
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Fig.8 Tendency of the natural frequency with the static

pressure
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Table 5 Maximum principal stresses in different buckling

coefficients
S Maximum principle stress/MPa
0.0 84.8
SPL=160dB 0.6 125.0
1.0 264.0
1.6 19.8
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Fig. 10 Time history curve of z-direction displacement of

center point at different buckling coefficients
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Fig. 11 Time history curve of z-direction displacement of

center point at different pressures
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