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Thickness distribution and size deviation of 6063 alloy
irregular tubular parts prepared by hydroforming

CAI Yang', LIU Qiang?®, WANG Xiao-song', YUAN Shi-jian'

(1. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. China FAW Group Corporation, Changchun 130001, China)

Abstract: In order to realize the application of aluminum sub-frame in domestic car, experimental researches were
conducted to investigate the hydroforming process of the sub-frame. The thickness distribution on typical section of
tubular parts along the circle direction during the press bending, preforming, and hydroforming processes was separately
measured, and the thickness distribution rule was mainly discussed. Then, the normal distribution function based on
statistical analysis for the geometry size of various sections was carried out, and the maximum dimensional deviation
compared with the designed requirement was obtained. The results show that, the maximum thinning rate of the irregular
section 4—A with a expansion rate of 2.63% is 15.6%, which is located at the transition region between the long straight
side and left bottom corner, and the maximum dimensional deviation is 0.19 mm. The maximum thinning rate of
rectangle section B—B with a expansion rate of 3.31% is 15.8%, which is located on the transition region between the long
straight side and right bottom corner, and the maximum dimensional deviation is 0.28 mm. Both the thickness distribution
and dimensional accuracy meet the design requirements.
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Fig. 1 Stress—strain curve of aluminum alloy 6063-T4 tube
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Table 1 Mechanical properties of 6063-T4 alloy tube
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Fig. 2 Schematic diagram of sub-frame and section shape: (a)
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Fig. 5 Photos of tubular parts in different stages during
forming process of 6063 aluminum sub-frame: (a) Initial tube;
(b) Press bending; (c) Preforming; (d) Hydroforming
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Fig. 6 Thickness variation distribution of section 4—A4 in 6063 aluminum tube: (a) Press bend section; (b) Preform section; (c)

Hydroformed section; (d) Thickness distribution of different sections
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Table 2 Thinning rate of special point at straight side in

section A—A of 6063 aluminum tube
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Fig. 7 Hydroforming force analysis of irregular section A—A4:
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Fig. 9 Thickness variation distribution of section B—B in 6063 aluminum tube: (a) Press bend section; (b) Preform section; (c)
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Hydroformed section; (d) Thickness distribution of different sections



25 9 6063 2379
4 B-B [4=30 ut3o] 99.7% [u—30 ut3o]
Table 4 Thickness variation of special point at straight side in 0.3%
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