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Fig.1 Numerical simulation process of shot peen forming based on stress field
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Fig.2 Process parameter planning of shot peen forming of integrally-stiffened panel
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Table 1 Theoretical deformation of typical part
' /[ ! /[ |

mm

TR 10 111 12 fih 13 il 14 1t 15 i 16 il 17 i 18 Jih
IR —0.984 -5.508 ~7.769 —7.42 —6.357 -3.341 —1.428 2.241 6.082
3 KAt 3.59 -1.272 —4.054 —4.507 — — — — —
4 KAy 2.577 ~1.787 —4.128 —4.618 —4.114 -3.207 -1.916 0.447 3.468
Ja i -0.847 —4.771 —6.918 -7.301 —6.998 —6.369 —5.432 -3.738 -1.56
F2 EBERARGENTEE
Table 2 Simulated deformation of typical part mm

UL 10 1th 11 12 fih 13 11l 14 i 15 il 16 11l 17 1th 18 il
T 0.78 0.2 -1.06 0.88 5.45 6.37 8.45 7.88 8.5

3 KA 5.14 32 1.97 2.97 — — — — —

4 KAft 3.95 2.1 0.85 1.63 4.02 5.69 6.92 7.97 8.11
e gk 0.03 -1.99 -3.61 -3.21 0.25 1.28 3.33 3.22 3.85
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Table 3 Simulated deformation of typical part after optimization

mm

WAL 10 fif 11 Jih 12 fh 13 Jif 14 fih 15 fih 16 11 17 ih 18 fih
GIES 0.166 -3.5 -6.74 -6.79 —4.21 3.4 0.18 2.76 6.49
3 KAt 4.53 -0.13 -3.63 —4.77 = — — = =
4 KAy 3.34 ~1.1 —4.77 -6.13 -5.69 4.1 —1.48 2.8 6.09
Ja -0.57 -5.32 -9.23 -10.98 -9.59 -8.58 =5 =2 1.78
x4 ERARMGE RSN ER
Table 4 Free state placement gap of typical part mm

S

3 KAt
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Table S Test deformation of typical part
' /[ !/ [ |

11 A 12 fif 13 fif 14 i 15 Jif 16 fif
0 0 0 0 0 0
0.6 0.25 0.3 — — —
0.6 0.35 0.3 0.3 0.35 0.3
0 0.45 0 0 0 0
x5 HBAFKKTEE

17 i

2.5

1.5

0.6

mm

ML 10 Jify 11 il 12 il 13 i 14 il 15 il 16 il 17 il 18 fil
i 2734 -5.508 ~7.769 —7.42 —6.357 -3.341 —1.428 -0.259 0.082
3 Ktfi 0.29 ~1.872 4304 -4.807 — — — — —
4 KM -0.223 -2.387 —4.478 -4918 —4.414 -3.557 2216 ~1.053 ~1.532
Ja —2.647 -4.771 ~7.368 ~7.301 ~6.998 —6.369 —5.432 -4.338 -4.56
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Fig.10 Comparisons of test deformation, theoretical deformation and simulated deformation after optimizing of front and back beams
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Fig.12 Comparisons of test deformation, theoretical deformation and simulated deformation after optimizing of ribs 10-13
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Hot Stamping With Pre-Cooling Treatment for AA7055 High-Strength
Aluminum Alloy Sheets

YUE Yuting"?, FENG Weijun’, YANG Bing’, LI Yongfeng"? HE Ji"*

(1. State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghai Key Laboratory of Digital Manufacture for Thin-walled Structures, Shanghai Jiao Tong University,
Shanghai 200240, China;

3. Baowu Aluminum Technical Center, Baosteel Central Research Institute, Baoshan Iron & Steel Co., Ltd.,
Shanghai 201900, China)

[ABSTRACT] For high-strength aluminum alloys at the solution temperature, it is difficult to achieve the best formability
during the hot stamping and cold die quenching process (heat treatment, forming and in-die quenching, HFQ), and forming
defects such as cracks would occur easily. To solve this problem, this paper introduces a pre-cooling treatment, which could
cool the solid solution sheet to target temperature. In the quenching sensitivity temperature range, the mechanical properties
of an AA7055 high-strength aluminum alloy sheet were tested under different pre-cooling temperatures after solid solution.
It is found that the largest elongation and the best formability are obtained at pre-cooling temperature of 350°C.. Taking structural
parts with typical characteristics as an example, the HFQ process tests with different pre-cooling conditions and original
sheet materials were carried out. It is found that the surface quality of the F—state sheet is better than that of the O—state one,
and F-state sheet has better formability under the same process flow. The traditional HFQ comparative forming experiment
was carried out on the F—state sheet, and the F—state sheet was severely broken without pre-cooling treatment. The uniaxial
tensile tests were carried out on the typical positions of the well-formed parts. And it proves that the strength of the formed
part is the lowest at the pre-cooling temperature of 350°C,, which is near the nose tip temperature for quenching sensitivity.
Taking into account the formability and strength, the pre-cooling temperature should be 400°C.
Keywords: AA7055; HFQ with pre-cooling; Contact heating; Formability; Quench sensitivity
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Numerical Simulation and Optimization of Shot Peen Forming of
Saddle-Shaped Integrally-Stiffened Panel

TIAN Shuo', GAO Guogiang’, ZHONG Lixin’, CHEN Fulong', ZENG Yuansong',

YANG Hui’, SHANG Jianqgin'
(1. AVIC Manufacturing Technology Institute, Beijing 100024, China;
2. AVIC Xi’ an Aircraft Industry Group Company Ltd., Xi’ an 710089, China)

[ABSTRACT] A simulation model for stress peen forming of saddle-shaped integrally-stiffened panels was established.
Through a numerical simulation-based shot peen forming parameter planning process, the typical panel process plan was
simulated and analyzed and an optimized process plan was obtained. The research results show that with the optimized
process plan, the simulated deformation of the typical panel is basically consistent with the theoretical deformation. The
maximum difference located at the 13th rib of the rear beam is only 3.7mm, which is 8.1mm less than the initial plan. The
optimized test plan is used for the test. Compared with the simulated deformation, the differences of ribs 11-17 are less
than 4mm. Compared with the theoretical deformation, the differences of ribs 11-17 are not more than 2.5mm, and the
differences of ribs 12—16 are not more than 0.5mm. Therefore, the shot peening deformation simulation method is more
accurate and the optimization plan is reasonable and feasible.

Keywords: Saddle shape; Integrally-stiffened panel; Shot peen forming; Numerical simulation; Process optimization
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