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Table1l Thickness and grain size of GH4169 superalloy strip
Thick-

Annealing parameter Average  Size

ness, . Temperature/  Holding  grainsize, factor,
tymm St C time/min do/um  A=to/do
A-1 As-received - 7.12 28.09
0.2 A-2 1000 25 31.25 6.40
A-3 1100 25 52.56 3.81
B-1 As-received - 11.54 21.66
0.25 B-2 1000 25 52.56 4.76
B-3 1100 25 88.39 2.83
A t=0.2 mm B 1=0.25 mm
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Fig.1 Microstructures of GH4169 superalloy strips in different states

1400
1200+
g
< 1000}
B
" 800
£ 600 A
[%2) > A iy
® a t,=02mm ty=0.25mm
2 400 g —=— /22809 o 1= 2166
zoog —e— 1=6.40 o A=4.76
—— /=381 o =283

O 1 1 1 1 1 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
True Strain, ¢

2 AFPRET GH4169 HrAf (KL J)-FL R AR 1 2%
Fig.2 True stress-true strain curves of GH4169 strips in different

states
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Table 2 Mechanical property parameters of GH4169 strips in

different states

Young’s Initial yield
Strip modulus, stress, q b
E/GPa % /MPa
A-1 150.19 504.927 1766.774 1.890
A-2 148.69 389.004 1266.543 3.127
A-3 140.86 330.991 965.662 3.702
B-1 147.84 574.654 1157.053 3.833
B-2 168.93 504.713 1445.128 2.910
B-3 163.57 294.254 2098.217 1.297
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Fig.3 Modified polygonal square specimen and dimensions
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Fig.4 Comparison of the shape of the center section of different

specimens simulated with displacement of 5 mm
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Effect of Thickness and Grain Size on Wrinkling Properties of Superalloy Strip

Wang Yanju*, Men Mingliang?, Wan Min?, Jia Chonglin®, Sha Aixue', Meng Bao?
(1. Materials Evaluation Center for Aeronautical and Aeroengine Application, AECC Beijing Institute of Aeronautical
Materials, Beijing 100095, China)
(2. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)
(3. Science and Technology on Advanced High Temperature Structural Materials Laboratory, AECC Beijing Institute of
Aeronautical Materials, Beijing 100095, China)

Abstract: Wrinkling is one of the main defects that affect the quality and dimensional precision of part during plastic forming process of metal
sheet. However, the influence of thickness and microstructure of sheet on wrinkling behavior is not clear. Taking ultra-thin GH4169 superalloy
strip with different thicknesses (0.2~0.25 mm) and grain sizes (7.12~88.39 um) as the research object, Yoshida buckling test was carried out. Then,
the load-displacement curves of experimental and simulation results were compared so that the effectiveness of the numerical simulation was
verified. By combining the theory of energy method with finite element numerical simulation, the wrinkling limit curves of GH4169 strip with
different thicknesses and grain sizes were established. The results show that with the reduction of the number of grains in the strip thickness
direction, the absolute value of the slope of the wrinkling limit curve of GH4169 strip decreases, which is more prone to wrinkle. With the decrease of
the grain number in the thickness direction, the anisotropy among different grains is enhanced, and the deformation coordination ability of the material
is weakened. As a consequence, the wrinkle resistance ability is weakened and the wrinkling of superalloy strip shows size dependence.

Key words: superalloy strip; wrinkle instability; size effect; Yoshida buckling test; energy method
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