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Numerical simulation and process optimization on longitudinal
stretch forming of complex large size skin

Zhang Haibao, Han Yanbin, Du Zhihao, Zhu Hongbin
(AVIC Xi'an Aircraft Industry Group Company Ltd. , Xi’an 710089, China)

Abstract: In order to solve the problem of long development cycle and low efficiency caused by repeated repair and testing of die when
using traditional empirical method in the stretch forming process of large-size double-curvature skin, for three different stretch forming
process parameters, the Al-Form Stretch Forming ( AISF) finite element software was used to simulate the sheet metal stretch forming,
and the optimal combination of stretch forming parameters was explored to predict the strain distribution condition of sheet metal during the
stretch forming process. The results show that when the die height is 1000 mm and the upper die pressure is increased to 100 kN, the sur-
face deformation of the stretch-formed sheet metal is uniform with the maximum strain of 0. 15 and the maximum die clearance less than
1 mm. Through process testing verification, the experimental result is in good agreement with the simulation result with the maximum error of
less than 2. 8%, which effectively reduces the wrinkling during sheet metal stretch forming process. Thus, the results show that high-quality
skin parts are obtained at the optimum stretching loading parameters, reducing the development cycle and improving the production efficiency.
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Fig. 1 Schematic diagrams of stretch forming process

(a) Original state  (b) Stretch forming

(¢) Supplementary stretch forming
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Fig. 2 Numerical models of test part and die

(a) Test part and stretch forming lower die
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Fig. 3 Engineering stress-engineering strain curve of 2A97-T3

aluminum lithium alloy
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(b) Test part and stretch forming upper die

(c¢) Die assembly drawing
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Table 1 Stretch forming process parameter 1
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Table 2 Curved clamp angles under stretch forming

process parameter 1

o 6-4 4-2 2-0 0-1 1-3 3-5
B/ (°) 16 20 20 20 20 16
B3R5/ () 16 21 21 21 21 16
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Fig. 5 Relative position of clamp and die under stretch forming

process parameter 1
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Fig. 4  Cyril-Bath VTL type CNC stretch forming machine (a) and composition of clamps (b)
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Fig. 6 Result of stretch forming under stretch forming process parameter 1

(a) Strain  (b) Die gap
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Table 3 Stretch forming process parameter 2
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Table 5 Stretch forming process parameter 3
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Table 4 Curved clamp angles under stretch forming process

parameter 2
| 6-4 4-2 2-0 0-1 1-3 3-5
B/ (°) S 5 5 5 5 5
B3R/ (°) 16 21 21 21 21 16
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Fig. 7 Relative position of clamp and die under stretch forming

process parameter 2
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Fig. 8 Result of stretch forming under stretch forming process
parameter 2

(a) Strain  (b) Die gap
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Table 6 Curved clamp angles under stretch forming

process parameter 3
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Fig. 9 Relative position of clamp and die under stretch forming

process parameter 3
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Fig. 10 Results of stretch forming under stretch forming process parameter 3

(a) Strain  (b) Die gap
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Table 7 Die gaps in verification test (mm)
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Table 8 Die gaps after calibration (mm)
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