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Optimization for hydroforming loading paths of T-shaped tube
based on grey system theory

TANG Yong, XUE Ke-min, LI Ping, CAO Ting-ting
(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract ;. Orthogonal experiment was carried out by FEM, the maximum axial force, equilibrium force
of branch punch and inner pressure were set as variances and the forming quality variances were obtained.
Based on the grey theory, the relational generatings between object and reference were calculated and each
multi-ebjective design can be converted into a single objective design by the grey rational grade. The
analysis of variance for the grey relational grade of each level was implemented, and the optimum
combination of the loading paths were obtained and was confirmed by FEM. It was showed that the forming
quality can be improved in this method.
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Fig.1 Scheme for T-shaped tube hydroforming
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Table 1 Orthogonal array and simulation results

16 Jngi 24 R

5 S a/kN RS S 00/kN - RS xo/MPa 2551 /MBI 1, /mm ORBEIL 1, /mm AR h/mm
1 35 210 180 1.25 2.31 15.27
2 35 240 190 1.16 2.50 18.56
3 35 270 200 1.04 2.69 19.19
4 40 210 190 1.25 2.24 15.24
5 40 240 200 1.16 2.43 18.66
6 40 270 180 1.41 2.69 17.43
7 45 210 200 1.21 2.25 15.21
8 45 240 180 1.42 2.47 14.74
9 45 270 190 1.40 2.68 17.33
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Table 2  Grey relational generating and relational grade for

objective function

Ty RIRAR ST v,

e & & &
1 0.536 2 0.838 9 0.412 8 0.5959
2 0.4252 0.583 5 0.8139 0.607 6
3 0.3333 0.447 4 1 0.593 5
4 0.536 2 1 0.411 0 0.649 0
5 0.4252 0.657 2 0.838 7 0.640 4
6 1 0.447 4 0.610 3 0.6859
7 0.480 4 0.973 3 0.409 2 0.6210
8 0.948 7 0.613 0 0.3825 0.648 1
9 0.948 7 0.453 0 0.597 1 0. 666 2
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Table 3 Average grey relational grade for each level of variance

xi/kN  SCECE x/kN SCHERE  x/MPa SCHRE
35 0.599 0 210 0.6220 180 0.6433
40 0.66584 240 0.6320 190 0.6409
45 0.64510 270 0.6485 200 0.618 3
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Fig.2 Average of level for each factor
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Fig.3 Optimal simulation result
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