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Fig. 1 Schematic diagram of specimens
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Tab.1 Test project planning

ans . IR IR PFREE
B Sk LA Numb/er of test Testl ieces
Test classification Order number Test condition . P .
pieces material
BB A TR 7R AN R IR IR S T iy 2t 1 ‘£ Room temperature
i ge 2 100 °C
Linear tensile test of aluminum alloy . 1 2024-T62
rectangular thin plate under different 3 120°C
temperature conditions 4 130 °C
. . - 5 25 Jit Room temperature 2
i JFAL AR A RS F 3 e peratt
iR 56 6 145 °C 2
}itﬁﬁ ‘ 2024-T62
Strength test of aluminum alloy open-hole thin 7 160 °C 2
plate under different temperature conditions g 190 °C )
A A b 1 ) 2% 40 °C-+20 KN($740)
e ﬁfﬁﬂ}?ﬁ/ﬁiﬁ:‘ij‘]‘/\ I 9 73R 9 Temperature difference 40 °C+20 kN 1
i
AR (tensile load)
Stress-strain test of aluminum alloy rectangular oo . 2024-T62
thin plate under the combined action of heat and 122 70 °C+20 kN (i1 4%)
force 10 Temperature difference 70 °C+20 kN 1
(tensile load)
11 i 2% 45 °C Temperature difference 45 °C
12 it 2% 80 °C Temperature difference 80 °C
13 2% 110 °C Temperature difference 110 °C
22 45 °C+5 KN(JE#)
. ) 14 Temperature difference 45 °C+5 kN
%Q%ﬁ%ﬁi@%ﬁ:ﬁi}? TR A (compressive load) .
NAREE ; 1(3HC
: - 192 45 °C+10 KN(EZ) = 2024-T3
Thermal stress test of aluminum alloy bolted . 1 (assembly
.. . 15 Temperature difference 45 °C+10 kN Q235
joint structure under different temperature ] parts)
. (compressive load)
conditions
T 22 80 °C+5 kKN(JE#K)
16 Temperature difference 80 °C+5 kN
(compressive load)
T 22 80 °C+10 KN (£ #k)
17 Temperature difference 80 °C+10 kN

(compressive load)
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Fig. 2 Test platform building
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Fig.3 Numerical model of aluminum alloy thin plate with openings
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Tab.2 Material parameters of 2024-T62 at different temperatures
piES
Temperatures/°C

25~31 145 160 190

PR L
Elastic modulus/MPa
HELVNAA
Poisson ratio

S e e B
Tensile yield strength/

MPa
P A B s

Tensile ultimate
strength/ MPa

R

Elongation

72400.0 68780.0 68056.0 66246.0

0.33 0.33 0.33 0.33

338.0 3143 304.0 278.9

427.5 384.7 372.0 336.9

0.1 0.1 0.1 0.119

S, Mises
SNEG, (fraction =—1.0)
(Average-compute)

423.21
387.94
352.68
317.41
282.14
246.87
211.61
176.34
141.07
105.80

70.54
35.27
0

B4 X34 IRES von Mises K /1 = & (145 °C)
Fig. 4 von Mises stress nephogram when the specimen is destroyed
(145°C)
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(c) Step 2: thermal-mechanical interaction model
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Fig. 5 Numerical model of aluminum alloy rectangular thin plate
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Fig. 6 Numerical model of conventional aluminum alloy bolted joint
structure
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Fig. 7 First-order buckling modal nephogram ( magnified 50 times )
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Fig. 8 Stress nephogram under the most severe working conditions
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Fig. 9 Finite element model including triangular table and fixture bottom column
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(a) Stress nephogram with a temperature difference of 110 °C
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(b) Stress nephogram with a temperature difference of
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Fig. 10 Stress nephogram under the most severe working conditions after expanding the modeling range
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(a) Displacement nephogram with a temperature difference of 110 °C

Contour plot
Displacement (Mag)
Global system
= 0.979
l 0.870
0.762
— 0.653
— 0.544

— 0435
— 0.326

0.218
0.109
0
(b) @280 °C+10 kKN(EZR) v 2 &l
(b) Displacement nephogram with a temperature difference of
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Fig. 11 Displacement nephogram of the triangular table under the most severe working conditions
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Fig. 12 Number of the holes on the specimen
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Tab.3 Force transmission value and check of each hole under the most severe working conditions
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. . .. emperature difference N
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Temperature Temperature difference value/kN ﬂY' d ~ A J IRA A% R A%
difference 80 °C+10 kN cli:ck Strength check Yield check Strength check
110 °C (compressive load)
1 9.6 8.5 N N
2 7.5 7.9 12.2 15.1 N N
3 9.5 8.4 N N
4 7.8 6.6 N N
5 1.6 2.8 N N
6 8.0 6.8 o5 140 N v
7 11.4 8.4 ’ ) x J J
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L S 120 +
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Fig. 13  Stress-strain curves under different temperature conditions
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Fig. 14 Damage of aluminum alloy thin plate with openings
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Tab.4 Comparison of failu

re peak load of simulation and test

27 CHIR L fif
Failure load at 27 °C

145

Failure load at 145 °C

CCRE IR AT 160 °CRESR 2
Failure load at 160 °C

190 °CHE IR 2 fif
Failure load at 190 °C
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%l,ﬂﬁﬂﬁ‘ AR 238413
Test results of group 1/N
ARG 45
%Zfﬂﬁﬂﬁ\ R 22 614.1
Test results of group 2/N
R S al(El
Test average/N 232217
P reas R
Simulation results/N 224393
12 Error/% 3.5

21 181.1 20 602.1 19 793.0
21 040.0 20 564.4 195242
21 110.5 20583.3 19 658.6
20 251.1 19 603.2 17 831.3
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Tab.5 Comparison of test and simulation of aluminum alloy
rectangular thin plate

BEAS R Rin PEENAE IRERNAE

R T 5
B _J,L Position of  Simulation Test R
Test conditions . . 6 . ¢ Errot/%
strain gauge  strain/10 strain/10
A 2 560.58 2 605.58 -1.7
4124 20 KN B 2560.58  2459.54 4.1
Pure force load A, 2567.04 2770.42 =73
20 kN B, 255749  2688.65 49
C 2 567.04 2719.25 -5.6
25 40 °C+
20 KNOE#) A 1967.92 2015.04 =23
Temperature
difference
40 °C+20 kN B 1967.92 1871.25 52
(compressive
load)
12270 °C+ 4, 1378.80 1534.49 -10.1
20 KN(JE#R)
Temperature B, 1392.46 1281.92 -8.6
difference
70 °C+20 kN
(compressive C 1378.80 1 470.65 -6.2
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Fig. 17 Coordinates and physical picture of strain gauge pasting
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Tab. 6 Numerical statistics of displacement under different loads

Eay Ve g gl B A
Cumulative applied load value/N  Displacement/mm AUKmm/kN)

0 0 _

-1 000 31 31

-2 000 33 0.2

-3000 34 o1

-4 000 35 o1

-5 000 35 0
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Stress and strength analysis of aluminum alloy structures under the effect of

thermal and mechanical force

HE Zhiquan"’ QIU Huihui'

SUN Yuheng' GUO Yujie'

WEI Xiaohui'

(1. College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
(2. Shanghai Aircraft Design and Research Institute, Shanghai 201210, China)

Abstract: The slat of aircraft is subjected to the combined action of thermal load and aerodynamic force during its

service, which has an impact on the safety of the structure. The typical aluminum alloy structure widely used in slat structure is

taken as the main research object, and the stress distribution and structural strength under the combined action of heat and

force were studied by experiment and finite element method. Firstly, in order to explore the influence of temperature on

material properties, the linear tensile test of 2024-T62 rectangular thin plate and the high temperature tensile failure test of

perforated thin plate were carried out under four different temperature conditions. The test shows that the high temperature

environment has a reduction effect on the elastic modulus of the material, and at 190 °C, the bearing strength of the test piece

decreased by 15%. Therefore, considering the reduction effect of temperature on material parameters can establish a more

accurate model for predicting structural strength. Secondly, aiming at the thermal stress problem of aluminum alloy parts and

structures, the test and simulation of aluminum alloy sheet and simplified slat structure under the combined action of heat and

force were carried out respectively. A set of modeling method and thermal stress measurement test technology under the

combined action of heat and force were established. The maximum error between the simulation and test results of aluminum

alloy sheet is 10%. The thermal stress simulation of the simplified slat structure has a good trend compared with the

experimental results, and the maximum error is 20%. In addition, through the experiment, it is also found that the thermal

stress is particularly sensitive to the setting of boundary conditions. For the model with complex constraints, it is necessary to

expand the modeling range to the stable boundary conditions to simulate the actual thermal stress.

Key words: Aluminum alloy; Temperature dependence; Combined action of thermal and force; Thermal stress; Structural

strength; Finite element analysis
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