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1 RIS HAT
1.1 HEMIXIEHE R
A SC I ARG B4R A 304 A58, 1k 2 2 s o W3
1o MR EUIR/NEAEAE Ry I | il i Gleeble-3500
RIGHLIEAT T AR T AR SRIRS , LUK L a2
PERE s HAL P ESHON 275 SCHR[15] . MRS 2,
R1 304REIISLEMM D (BRI wt%%)

Table 1 Chemical compositions of 304 stainless steel
(Unit:wt%)

C Si Mn P S Ni Cr

0.043 0.218 1.229 0.037 0.004 8.213 18.020

R2 04 RNENOVAIESH IR DZ RS
Table 2 Thermophysical parameters and mechanical
properties of 304 stainless steel

L/ C 0 25 200 400 600

% (glem?) 7.9 7.89 7.83 7.75 7.66
LR GPa 193 191 176 160 147
bIER/N 0.28 0.28 0.29 0.3 0.32

Jett B 588 £ /MPa 290 270 200 160 125

LRI/ C 1.69x10°° | 1.7x10°° | 1.8x10°° | 1.91x107° | 1.96x10°°

PFRI(WI(m-K)) 14.6 14.8 16.1 18 20.8
FEBER (K (kg-K)) | 0.462 0.468 0.512 0.54 0.577
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Fig.1 Three-dimensional drawing of fixture assembly
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Fig.2 Thermal buckling test platform

I3 I3 S e 4R p) A I BE 37 A1
Fig.3 Temperature field distribution of the panel
clamped by a four-sided solid support
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Fig.4 Temperature field distribution at the moment of the
start of compression of the panel
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Fig.5 Load-displacement curves of buckling test with fixed
supports on four sides (central temperature 600°C)
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Fig.6 Load-displacement curves of buckling analogy with
fixed supports on four sides (central temperature 650°C)
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Fig.7 Ultimate buckling loads at different boundary temperatures
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Fig.8 Mechanical constraints
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Fig.9 Temperature boundary conditions
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Table 3 Simulation research test program
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1 400 -200
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5 800 200
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Fig.10 Ultimate buckling loads at different boundary temperatures
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Table 4 Maximum fluctuation of ultimate buckling load
with change in boundary temperature
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Fig.12 Distribution of steady state temperature field with
different widths of the temperature affected zone
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Table 5 Maximum fluctuation of ultimate buckling
load with change in the width of the
temperature affected zone
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Study on the Influence of Temperature Boundary Conditions on the Buckling
Phenomenon of Panels

Ding Zehang, Zhang Tianyin, Han Xianhong
Shanghai Jiao Tong University, Shanghai 200030, China

Abstract: High-speed aircraft represented by hypersonic aircraft is prone to buckling instability of the panel structure
during flight, which is closely related to the thermal effect, thus the temperature boundary conditions will have an
impact on the buckling behavior of the structure. In this paper, the influence of different temperature boundary
conditions on the buckling behavior of the panel was studied by a set of self-designed test fixture and the static arc
length algorithm based on the thermal sequential coupling method. The results show that the boundary temperature
significantly affects the ultimate buckling load, and the degree of influence is related to the mechanical boundary
conditions; when there is a negative temperature difference between the boundary and the domain (the boundary
temperature is lower than the domain temperature), the sensitivity of the temperature effect is higher; in contrast, the
width of the boundary temperature affected zone has little effect on the buckling behavior of the panel. This study can
provide some reference basis for the in-depth study of thermal buckling behavior of complex panel structure.

Key Words: panel buckling; thermodynamic coupling boundary; arc length method; boundary temperature; ultimate
buckling load
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