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Simulation and optimization of movable blank holder clinching
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(1.College of Mechanical and Electronic Engineering, Shandong University of Science and Technology , Qingdao, Shandong
266590, China; 2.College of Transportation , Shandong University of Science and Technology , Qingdao, Shandong 266590, China)

Abstract: To solve the problem of poor mechanical properties of the joint formed by flat-clinching, a movable blank
holder clinching technique utilizing the movement of the blank holder to control the material flow was proposed. Nu-
merical simulations of the movable blank holder clinching process of Al5052 sheets were carried out by DEFORM-
2D to analyze the influence of the blank holder pressure and its limit position on joint structure parameters and the
material flow. Afterwards Taguchi method was used to optimize the process parameters including punch diameter,
punch fillet radius, punch speed. blank holder pressure and limit position.Range analysis was also used to obtain the
primary and secondary elements affecting the joint interlocks. The results show that the main factors affecting the
quality of the clinched joint are blank holder pressure and blank holder limit position.Interlock increases initially and
decreases afterwards with the increase of the blank holder pressure and the limit position. A suitable limit position of
blank holder can promote the increase of interlock and thus improve the mechanical properties of the joint.
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Fig. 1 Schematic diagram of the movable blank holder clinching process
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Fig. 2 Finite element model of movable blank holder clinching
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Fig. 3 Schematic drawing of joint structure parameters
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Tab. 2 Material parameters of Al5052

R MR EOPERTE BTPIEGE PR
/(kg/m?®) 2 /GPa /GPa /%
2 680 23.8 70.3 25.9 11
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Tab. 3 Structure parameters of joint at different blank holder pressures

ik Atk T, /mm JEFR AR R H/mm

945 JEihH F,/kN HiEAE T, /mm
1 1 0.370
2 2 0.392
3 3 0.420
4 4 0.451
5 ) 0.452
6 6 0.455
7 7 0.482
8 8 0.512
9 9 0.535

0.108 1.634
0.134 1.284
0.135 1.123
0.134 1.015
0.135 0.854
0.135 0.827
0.134 0.585
0.107 0.531
0.107 0.367
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Fig. 4 Neck thickness T, and interlock T, of joint Fig. 5 Bottom height H of joint
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Fig. 6 Material flow at different blank holder pressures
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Tab. 4 Structural parameters of joint at different limit positions of blank holder

Eike) JEFH e/ % Jis 37 Vel BRASE 37 8 e HEME T, /mm #AR T, /mm JRH SR & H /mm
1 57.5 Ts57.5% 0.641 0.000 0.446
2 62.5 Ten5% 0.569 0.047 0.547
3 67.5 Z67.5% 0.502 0.141 0.521
1 72.5 Z72.5% 0.504 0.165 0.592
5 77.5 x77.5% 0.458 0.214 0.689
6 82.5 Ts2.5% 0.443 0.240 0.811
7 87.5 Z87.5% 0.422 0.169 0.903
8 90.0 Z90.0% 0.451 0.134 1.105
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P9 Sy e 300 B AE A ] BR AL 7 8 A 480 9 4 S IR I I v 0 B AR 5 . 41 1 R0 2 v TS B FR A,
ALE AR BEABCA TR E B 2 441 5 M4 6w i I i1 Pl A B B0 A0S a8 2 BR A2 B4 A 8l A R A
[6] S0 I A AR T, B 2 7 AL 8 b s 0 P BR A L i s L S OB R 1] i S AL 2 b SUSHE T
[ TR AR T AR T, B3

3 HARKEARET

3.1 IR E FE MK E
7 s 321 P I 3l T 90 oo s 8 4 T 20w T 30 s 320 e R AR A i A R infr Sk 9 T AT 2 B0 5 W % K T ) O
SN Z S ol T 4 Sk OB B v 32 B 2 AN R RN 2 A AKCOF IR0 L 38— 7 AT BB % I, AR5k I



. 108 - b AHE KR FFIROE RHAF RO 2021 5% 2 #

e AT S R R S e . e e e e e PO SV W SV O A e Bt T
P 12 i3 P4 :
5 6 7 8

B9 EHEEARRMEME FTEBNELEAE

Fig. 9 Joint shape diagram of the simulation at different limit positions of blank holder
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S e PSR N AT S QIVE NS . A B c D E

B I AR FAAR 25 06 A SR i A i T, dp/mm  F,/kN e rp/mmo/(mmes )
HVEMIEFR B Sk BSR4, JEB N 1 4.5 2 Ter5 0.05 0.5

F, JERBRAALE x.  hk#E o F 2 5.0 4 Z12.5% 0.10 1.0
ik B AR r, RialER ) 5 AN RR B 3 5.5 6 x11.5% 0.20 6.0
AMREEA 4 DKF M L (4 IER 4 6.0 8 Ta25% 0.30 12.0

2 HEE K 5 iRt
32 HBRHERGHH
Bt 16 41, 415 8 UIRT
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Tab. 6 Taguchimethodresults

) A B C D E T, T, H
d ,/mm F,/kN T, rp/mm o/(mme*s 1) /mm /mm /mm
1 1 1 1 1 1 0.105 0.370 0.506
2 1 2 2 2 2 0.069 0.418 0.429
3 1 3 3 3 3 0.045 0.432 0.356
4 1 4 4 4 4 0.000 0.462 0.178
5 2 1 2 3 4 0.166 0.422 0.656
6 2 2 1 4 3 0.000 0.559 0.485
7 2 3 4 1 2 0.093 0.449 0.508
8 2 4 3 2 1 0.069 0.509 0.223
9 3 1 3 4 2 0.217 0.479 0.887
10 3 2 4 3 1 0.167 0.490 0.780
11 3 3 1 2 4 0.093 0.608 0.413
12 3 4 2 1 3 0.069 0.580 0.308
13 4 1 4 2 3 0.174 0.489 1.268
14 4 2 3 1 4 0.264 0.515 0.829
15 4 3 2 4 1 0.093 0.658 0.550
16 4 4 1 3 2 0.000 0.736 0.246
K, 0.055 0.166 0.050 0.132 0.109

K, 0.082 0.125 0.099 0.101 0.095
K; 0.137 0.081 0.149 0.094 0.072
K, 0.133 0.035 0.109 0.078 0.131
R 0.082 0.131 0.099 0.054 0.059
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