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Optimization on structural process parameters in clinching for steel-aluminum
heterogeneous sheets based on Kriging model
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Abstract: Aiming at the problem of poor mechanical properties for joints formed by clinching steel-aluminum heterogeneous sheets, the
optimization of structural process parameters in the clinching process was studied. To improve the maximum tensile and shear resistance
forces of the joint, firstly, a numerical simulation model of the clinching process was established, and the reliability of the numerical mod-
el was verified by comparing the key dimensions of the joint section. Secondly, for the main structural process parameters, the Latin hy-
percube sampling test was conducted to obtain representative sample point set and its numerical simulation results. Then, the neck thick-
ness value and self-locking value of the joint were predicted by Kriging approximate model, and the relative error of the prediction was less
than 10% to verify the predictive ability of Kriging model. Finally, the multi-objective optimization of structural process parameters was
performed by combing Kriging model with genetic algorithm. Furthermore, the test was conducted by the optimized structural process pa-
rameters, the maximum tensile resistance force of clinching joints was increased by 9.4%, and the maximum shear resistance force was
increased by 26. 4% , which verified the effectiveness of the optimization results.
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Fig. 1 Main process parameters and key dimensions of joint
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Table 1 Structural process parameters and key

dimensions of joint (mm)

ZH X X, X Xy X Iy Ly
BE 2.9 4.1 1.5 1.1 3.1 0.359 0.238
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Table 2 Parameters of constitutive model
FR o,/MPa G/MPa L
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Fig. 3  True stress-true strain curves and Ludwik fitted curves for 6061

aluminium alloy and HC340/590DP high-strength steel
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Fig. 6  Optimization flow
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Table 3 Scope of Latin hypercube sampling ( mm)

x4 FTBIAHHERNELER (mm)

Table 4 Test results of latin hypercube sampling ( mm)

B OHZE M) o7 {L

5 X, X, X, X, Xs t, L,

1 2713 4.237 1.617 1.006 3.303 0.3670 0.157
2 2,769 4.265 1.534 1.055 3.220  0.3957 0.150
32,879 4162 1.582  1.200 3.296 0.3120 0.214
4 2,893 4182 1.686 1.103 3.269 0.2890 0.171
5 2720 4.127 1.603 1.165 3.337 0.3310 0.178
6 2.872 4.148 1.541 1.082 3.227 0.3170 0.238
7 2,734 4120 1.548 1.048 3.255 0.3470 0.203
8 2.851 4.258 1.500 1.131 3.289 0.3760 0.251
9 2,755 4.155 1.589  1.041 3.400  0.3380 0.271
10 2.824 4189 1.520 1.000 3.317 0.3320 0.313
25 2.831 4.231 1.672 1.020 3.358  0.3220 0.201
26 2.796 4.300 1.562 1.062 3.365 0.3900 0.231
27 2.803 4.100 1.637 1.137 3.234 0.2990 0.150
28 2,900 4.203 1.569 1.089 3.379  0.3240 0.274

ﬁfﬁi Xl XZ X3 X4 XS
TR 2.7 4.1 1.5 L0 3.2
EBR 2.9 4.3 1.7 1.2 3.4

3.3 Kriging #RE Y # 31
Kriging #AY HA PRI AE I B9 U0, JF
TEAFR DR AR S TR i A w5 1) [ L s B 25 ) 1 31 BLAEL Y

AR Kriging SR N —Fhf 2500k 146
HEA, AE 7RIS MAESEER Sy, Wl (2)
B
y(x) =f"(x)B +z(x) (2)
X y(x) AN REG « HEMAER; £ (x)B
R EVERR Y, SRt R R 2(x) REAL
FY . SRR I 22 1 R ASEAL
2(x) BALUUT SR
E[z(x)] =0 (3)
Var[z(x)] =0 (4)
Cov[z(x,), 2(x)] =0’R[R(x;, x)] (5)
Ab EL] WA K y (o) H{E A6 E PR B
T Var EEPLI 2(x) BYT7255 Cov yBEHLIA 2(x)
W25 o A% x Bl x RIS R T
PSR, R TFARSCH 28 DYNZRFEAR 1, sk 4 Jir
Ny ROGMRE R(x,, %) AR 46 E B ¢
PR, RAEVIZRFEAS f 2 18] 1Y 2 (B AH e
REFURGILT , AR R R 5 0 R A
R(x,, x]-)=exp(— }Z,leﬂ xik_xjklz) (6)
Kb ng HBOTERIEHE, A3 n, =5, BIBGHE
SOIMBCEAR | MBS MR EE . MIAETERE. h
5 60, Nk DRI X ARG RECT IS4, k=



40 R

EE RS

5047 %

1, 2,0, ngsy x, Moy, R, Flag 8956 ko0
BRI SH B o BRI =N .

A

B=(F'R'F)"'F'Ry (7)
Gy -EDRG-FD) (8)

Rof FOeTRA SR () MARBUER; y K
FEH n, (OB Tl A T I R, BN TEENET A
RS M BURER A BUE; o 5 B WS MR BT
(¥ 6, 55 n WL T LS EA A BB

o TR Fl 0" BB T AR AP S8 0,
AR R AR 1SR A Kriging #RIFGHISE S HL 0, .

MLE Zmax{—%[nln(é\'z) +In| R”} (9)

K MLE iR SRAG 1T

TE—DHHR IG5, BUSEM A BUE AL YT
RTII 7T AR R -

¥(xy) =f"(x)B +r'(x,)R(y - FB) (10)
Ko ' KB n, BRI IIREAS 15 A C 2Rk
AR, r'(x)=[R(x, x,), R(x, x,), -,
R(x, x,) 1" x, BHAE AR T2 2800 i,
3.4 Kriging % 7 36 1iE

R AR A4 TR RN A BRI B 2k
FETCAVE ORI R B, 4656 Kriging BER 4 T5TI0KS
B, MIAM T AZ508. X;=2.8 mm, X,=4.2 mm,
X;=L5mm, X,=1.1 mm, X;=3.3 mm, K6 FE
MRREAEL AN S B

x5 MME (mm)

Table 5 Response values (mm)
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Table 6 Structural process parameters and key

dimensions of joint after optimization (mm)
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Fig. 9 Joint performance tests after optimization

(a) Tensile failure
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(c) Shear failure  (d) shearing force-displacement curves
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