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Multi-objective optimization for T-shaped tube hydroforming process design

SONG Xuewei, LI Dongying, HUANG Tianlun

(State Key Laboratory of Automotive Simulation and Control, Jilin University, Changchun 130022, China)

Abstract; To improve the accuracy and efficiency of the using of static surrogate model for nonlinear structure
optimization, the adaptive iteration least square support vector regression ( LSSVR) is introduced to research the
optimal solution of load path in the T-shape tube hydroforming process. The maximum contact area of the tube and
counter punch and the minimum thinning ratio of the thickness are take as the optimization objective, and those the
contact area is greater than the simulation value, the maximum thinning ratio of the thickness is smaller than the
experimental value and the protrusion height is greater than test values, are select as constraint conditions. The
Latin hypercube design is employed to construct the initial support vector regression model, and some extra
sampling points are added to reconstruct the support vector regression model to obtain the Pareto optimal solution set
during each iteration. Finally the ideal point is used to obtain a compromise solution from the Pareto optimal solution
set for the engineers. The contact area of the most satisfactory solution increases 32.42% and the minimum thickness
increases 14.97% compared with the experimental results when the protrusion height is not changing worse. The
results show that the adaptive iteration LSSVR model can ensure the accuracy and efficiency of the optimization
design in a small amount of samples.

Keywords: T-shape tube hydroforming; loading path; multi-objective optimization; adaptive iteration LSSVR
model ; optimal compromise solution
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Fig.6 A quarter of the finite element model used for numerical

simulation
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Tab.1 The geometrical size of the tube and abrasive (mm)
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350.0 51.5 1.5 25.0 51.5

EARTRL R 1Cr18NIOTi, A 4% 1 554 25 v A%
ZIA] Y Swift FERG R AL Oy
o =Ke".
L. K5 n 405 il RS LIRS, o 5 & 47
SRR ROV ) S5 AN, MR =208
PE Barlat” s ( Barlat” s 3—Parameter Plastic Model ) Ji
I 7 )
flo)=al K, +K, 1" +al K, -K,|™ +
cl K, 1" =207

K, =(0o, +hoy,)/2,

K, =/ ((o, - h0'22)/2)2 +P20'?2~
X oy 0y 5o, 3R T N R
VIR F1 B A6 S IR B, @ e b 5 p 5051 A 45 500 5 1
FHR, Ry 5 Ry, ITHEMNSEL, m BIEI 6. B A
MRS EIN 3R 2 Fis.
£ 2 1Cri8NiITi Bl S %

Tab.2  1Cr18Ni9Ti material properties

A B REEE/GPa Ry

Jit AR B/ MPa 53/ (kg - m™3)

325 7 830 0.28 207 0.92
BALRBMPa LIRS ERR/ % Ry Rys
1173 0.38 49.50 0.81 1.17

J T SGIRILE RN L, T B THF 47 50 w0 44
INERFEAR 530K 11 ] v i S50 i il 38 10 Jin 48 A —
B, g thZen &l 7 Fos , W EKIE A 55.00 MPa, fi
Kttt 414 55.00 mm.

AT BRIT 05 A Hr, 7 BR oo B 1R /A
b 1Y AR Oxz 5 Oyz RS0 1 Gl an
18 . Il 8 AT I, B8R Oz “F-THT PN A A i 0 5
(R BRI B 45 5 50 6 4% R 22 S vk ok, BT
A S BRRZETE £10% LN, %A BRG] LU T
JE SRR MR R IEALI . AT R4S 5 Jeds e o
S R R S A R 3 /N R AR B,
DA T RYE Y RO 55 B K T 529008 (55.00 mm) 25
ST T B THF B4R 4#T.



557 Repfh, A

T BV R A A 3 1 22 HARTEAL - 143 -

WA /mm

0 10 20 30 40 50 60
R E J1/MPa

7 T 2! THF (i ESifiemE &
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Tab.3  The initial ranges of the variables

ZHGuE p,/ MPa p./ MPa p./MPa t;/ms 1,/ ms D/ mm
TH 8.00
FE 10.00  30.00  53.00 3.00 24.00  45.00
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ZHG0E Dy mm 3/ ms S/ mm S,/ mm i,/ ms {5/ ms

TR 50.00 21.00 22.00 52.00 14.00 21.00

LRI 52.50  24.00 24.00 55.00 16.00  24.00

TR 55.00 27.00 26.00 58.00 18.00  27.00
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Tab.4  Analysis of variance for forming quality %
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py 217 0.94 0 D, 5.95 6.65 0
Pe 2676  22.83 0 t3 14.13 0.64 0
Pe 3.59 3.12 0 S, 5.82 4.46 0
1y 0.88 2.46 0 S, 3.70 20.93 100
, 14.97 19.41 0 ty 1.14 7.75 0
D, 1821 4.72 0 ts 1.21 0.98 0
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Tab.5 Values of the insignificant loading parameters

p,/ MPa p./MPa t/ms D,/ mm S;/mm t,/ms ts/ ms

10.00  53.00 3.00 55.00  24.00 14.00 24.00
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Tab.6 Values of the most satisfactory solution

p./ MPa t,/ ms D,/ mm 3/ ms S,/ mm

39.61 21.52 42.20 21.70 55.42
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Tab.7 Results of the most satisfactory solution

ik f/ mm? g,/ % g,/ mm
f &1 &2

FEA 5316.70 25.20 55.70
LSSVR 5288.20 24.80 55.60

0.54 2.58 0.16
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Fig.10 The thickness distribution of the most satisfactory solution
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Tab.8 Results of the most satisfactory solution and

experimental result

ERES A/ mm?  F/NEEE/mm Y/ mm
T gh R 5316.70 1.12 55.71
SLIRZER 4 015.00 0.98 55.00
3 4 @
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