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A Study on the Optimum Joining Condition in a
Mechanical Press Joint

Yong Bok Lee, Tae Yun Kim, Chin Sung Chung and Ji Hoon Choi
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Abstract

Mechanical press joining has been used in sheet metal joining processes because of its simple
process and possibility of joining dissimilar metals,

such as steel and aluminum. The strength of

mechanical press joining varies with joining conditions. The optimum joining conditions considering
tensile-shear and peel-tension strength have to be established to assure the reliability in the joining
strength. Therefore, optimization of joining conditions has been investigated for improving joining
strength of sheet metal. It is possible to obtain optimum strength from improvement on the joining
strength of peel-tension mechanical press joint under multiaxial stress states.
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Table 1 Mechanical properties of the base metals

) gy Oy E Elongation
Material )
(MPa) | (MPa) (GPa) (%)
SPCC 337.4 174.6 205 50.8
Al-5052 273.6 2138 783 12

Table 2 Chemical compositions of test specimens
(wt.%)

Material C Si Mn | P Ni Al | Fe
SPCC 0.04 | 0.015 { 0.25 { 0.01 | 0.01 ) 0.005 | bal.

Material Mg | Mn | Fe Cr Si Cu | Al
Al-5052 25 101010313 ] 0.25[0.137 | 0.10 | bal.
Tensile-shear Peel-tension
n n
w = U, w ]
S E— - -
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E ‘“Il;
L
W
t t

Fig. 2 Configuration of tensile - shear and peel -
tension specimen
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Table 3 Joining conditions of specimens (unit:mm)

Specimen | Punch Side | Die Side
t ta w L PD

No. Material | Material

# SPCC SPCC 0.8 0.8 30 70 3.0
#2 SPCC SPCC 08 | 08 30 70 | 46
#3 SPCC SPCC 0.8 0.8 30 70 | 64
#4 SPCC SPCC 1.6 1.6 40 85 | 46
#5 SPCC SPCC 1.6 1.6 40 85 | 64

#6 Al-5052 Al-5052 1.0 1.0 30 70 6.4
#8 Al-5052 Al-5052 | 2.0 2.0 40 85 64

#9 SPCC Al-5052 | 0.8 1.0 30 70 | 46
#10 SPCC Al-S052 | 0.8 1.0 30 70 | 64
#11 SPCC Al-5052 | 1.6 2.0 40 85 6.4
#12 A)-5052 SPCC 1.0 0.8 30 70 | 4.6

#13 Al-5052 SPCC 1.0 0.8 30 70 64
#14 Al-5052 SPCC 2.0 16 40 85 4.6
#15 Al-5052 SpPCC 2.0 1.6 40 85 6.4
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Fig. 3 Cross-section of mechanical press joint
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Fig. 4 A photograph showing cross section of
mechanical press joint
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(b) Yielded upper sheet pull-out failure mode

(c) Yielded lower sheet pull-out failure mode

NAAH Zdx A AYPPzP B¢ A7 755

(a) Interface-failure- mode

Fig. 7 Failure modes in static tensile test

Table 4 Tensile test results

Peak Load L(?ading Plastic Limit Un?oading

No. kN Stiffness (nm) Stiffness
(kN/mm) (kN/mm)
T$ | P-T TS P-T T-S P-T T-S P-T
1 1.01 | 035 {1340} 0.10 0.58 | 1940 | 1.77 | 0.02
2 1.51 1 047 | 1670 | 0.09 0.70 ) 2391 ) 2.74 | 0.02
3 3221 067 | 18651 0.16 | 267 {22751 121 | 0.03
4 241 | 1.07 {2518 0.35 066 | 1971 | 369 | 0.05
5 4.21°] 1.84 [ 3266 | 0.86 110 | 17.33 { 3.85 1 Q.11
6 1.73 1 033 (1091 | 0.12 042 1451 | 416 { 0.02

7 137 - 19.57 0.44 - 311 -
8 2.06 | 0.59 | 1889 | 045 0.46 2.34 447 | 0.27
9 1.76 | 0.45 | 14.05 ] 0.11 060 | 17.44 | 295 | 0.03
10 3.07 | 0.56 | 14.64 | 0.14 135 1 16.16 | 2.29 | 0.04
11 3.81 | 1.00 | 2382 037 { 0.82 [ 1573 | 4.65 | 0.06
12 1.12 ] 047 { 11.54 | 0.10 042 14.50 | 2.71 0.04
13 219 | 043 [ 1273 ] 0.15 0.67 | 13.07 { 3.28 | 0.02
14 1.61 | 0.64 21 A7) 141 0.44 | 293 3.71 0.22
15 276 ] 110 Lzo99 | 026 | 069 | 2000 | 4.02 | 0.06

T-S : Tensile-shear / P-T : Peel-tension

(a) Interface-failure mode

(b) Yielded upper sheet pull-out failure mode

(¢) Yielded lower sheet pull-out failure mode
Fig. 8 Photographs showing three failure modes in
peel - tension static test
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