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Grey relation analysis on influencing factors for hydroforming tailor
rolled blank cylindrical parts

Zhang Huawei', Li Yuan®, Wu Jialu'?
(1. College of Mechanical and Electrical Engineering, Guangdong University of Petrochemical Technology, Maoming 525000, China;
2. School of Mechanical Engineering and Automation, Northeastern University, Shenyang 110819, China)

Abstract: For the problem that the tailor rolled blank (TRB) parts were prone to forming defects in the traditional deep drawing process,
the hydroforming process was introduced into the forming process of TRB cylindrical parts, and the hydroforming process of TRB was stud-
ied by numerical simulation technology. Then, the influence of liquid pool pressure on the formability of TRB was analyzed, and the influ-
encing laws of different process parameters on the formability of TRB were discussed by the orthogonal test combined with the grey theory.
The research indicate that the TRB with better formability can be acquired by the hydroforming process compared with the traditional deep
drawing process. As the liquid pool pressure increasing, the maximum thickness thinning rate of TRB cylindrical parts decreases first and
then increases, and the maximum movement amount of transition zone gradually decreases. When the liquid pool pressure is 10 MPa, the
maximum thickness thinning rate is smaller, and the maximum movement amount of transition zone is restricted to a low level. The influ-
encing degree of friction factor, blank holder force and liquid pool pressure on the formability of TRB hydroforming decreases in turn, and
the optimized process parameters combination obtained by grey correlation analysis can improve the formability of TRB.
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Table 1 Mechanical property parameters of TRB

HORHEREE ¢/mm SRR E/GPa

JEARSRIE R, /MPa  HUHIHRIE R, /MPa FHALISH n TSR ZSL -

PEALREL K/ MPa IR A/ %

1.2 186 170.7 237.5
45.2 2.0 196 179.5

0.27 1.98 443.0 42.5
264.9 0.24 1.50 472.5
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Fig. 2 Effect curve of liquid pool pressure on maximum thickness

thinning rate for TRB cylindical part
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Fig. 3 Effect curves of liquid pool pressure on maximum movement

amount of transition zone for TRB cylindrical part
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Table 2 Results of orthogonal test

— WARM R Sy JEAR R Sy ARt R T/ JEAR AN 3t e T/ — TEE;%ZJ&“?&IXE%( I R RV R/
kN kN MPa MPa 3/ mm %

1 60 40 2.0 2.0 0.03 2.550 17.857

2 60 30 2.5 2.5 0.02 2.163 16. 975

3 60 50 1.5 1.5 0.05 3.029 19. 178

4 60 60 3.0 3.0 0.10 3.919 23.764

5 50 40 2.5 L5 0.10 4.014 22.857

6 50 30 2.0 3.0 0.05 2.398 18. 172

7 50 50 3.0 2.0 0.02 2.554 17.536

8 50 60 1.5 2.5 0.03 2.821 18. 196

9 70 40 1.5 3.0 0.02 2.297 16.972

10 70 30 3.0 1.5 0.03 2.418 17.757

11 70 50 2.0 2.5 0.10 3.745 23.980

12 70 60 2.5 2.0 0. 05 3.012 19. 905

13 80 40 3.0 2.5 0.05 2.615 19.159

14 80 30 1.5 2.0 0.10 3.305 23. 441

15 80 50 2.5 3.0 0.03 2.422 18.116

16 80 60 2.0 1.5 0.02 2. 566 18. 391
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B TAFARGRIR T S A P b o
6 0.7975 0. 7449 0.7712
(ARG Ao Y DX A K Bl i R KR Rl o, AR 2 S o030 0. 8614 0,782
FIF R 8 e R A5 45 B X g 1 K €85G KK R AR, B & 05845 0.7411 0. 6628
JRERETIRIROOCHREE . |k, e B XS J5L 46 % o 08735 10000 0.9368
B B AR A5 T /N IS0 I X i K 8 i 11 0.3691 0.3333 0.3512
M KRS, Fit, ok 2 P iEs 12 0.5216 0. 5444 0. 5330
IRIZE R B EACi e P st gh R 2. 163 il 13 0.6719 0.6157 0. 6438
16.972 (L3R 2 M) MERMERE . W3R 2 hss 14 0.4476 0.3513 0.3995
PEHEABRAR (1)~ (4) o, REBEAKT 15 078 0.7539 0.7676
16 0.6967 0.7118 0. 7042
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