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An Experimental Study on the Strength Evaluation of
Mechanical Press Joint
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Abstract

Mechanical press joining technique has been used in sheet metal joining processes because of its
simple process and possibility of joining dissimiliar metals, such as steel and aluminum. The static
and cyclic behavior of single overlap Al-alloy and steel(SPCC) joints has been investigated.
Relationships were developed to estimate the strength of the joint taking into consideration base metal
strength properties and the geometry of the joint. Fatigue test results have shown that fatigue resistance
of the SPCC mechanical press joints is almost equal to that of the spot weld at the life of 10° cycles.
Also, the dissimilar material jointed specimen with upper SPCC plate and button diameter
corresponding to the nugget diameter of the spot welded specimen has almost same strength as the
same material jointed specimen and as the spot welded specimen.
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Table 1 Mechanical properties of the base metals

Material Ou Ty E Elongation
(MPa) | (MPa) | (GPa) (%)
SPCC 337.4 174.6 205 50.8
Al-5052 | 2736 | 2138 783 12

Table 2 Chemical compositions of the base metals

(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 2.5 10.10 {0313 0.25 {0.137] 0.10 | bal.

Table 3 Specification of test specimens (unit:mm)

Specimen | punch Side{ Die Side
No. Material | Material h v W LD
#1 SPCC Spcc | 08 {08 ] 30 | 70 | 30
£7) SPCC SPCC | 08| 08| 30| 70 | 46
#3 SPCC SPCC | 08 | 0.8 | 30 | 70 | 64
#4 SPCC SPCC | 16 | 1.6 | 40 | 85 | 46
#5 SPCC SPCC | 1.6 | 1.6 | 40 | 85 | 64
#6 Al-5052 | A1-5052 | 1.0 | 1.0 | 30 | 70 | 6.4
#8 Al5052 | Al-5052 | 2.0 | 20 | 40 | 85 | 64
#9 SPCC | Al-5052 | 08 [ 1.0 | 30 | 70 | 46
#10 spcc | Al5052 | 08 | 1.0 | 30 | 70 | 64
#11 SPCC | Al-5052 | 1.6 [ 2.0 | 40 | 85 | 64
#12 AL5052 | SPCC | 1.0 | 08 | 30 | 70 | 46
#13 AL5052 | SPCC | 1.0 (08 | 30 { 70 | 6.4
#14 Al-5052 | SPCC | 20 | 1.6 | 40 | 85 | 46
#15 Al-5052 | SPCC {20 | 1.6 | 40 | 85 | 6.4
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Table 4 Results of static tensile test for mechanical
press joined specimens

Specimen Peak Load ;t??g;i F:?:\t:: lJSr:i]?;\(::sg

(kN) (KN/mm) | (mm) | (kN/mm)
#1 1.01 . 13.40 0.58 1.77
#2 1.93 16.70 0.70 2.74
43 3.22 18.65 2.67 1.21
#4 2.41 25.18 0.66 3.69
#5 421 32.66 1.10 3.85
#6 1.73 10.91 0.42 416
47 1.37 19.57 0.44 311
48 2.06 18.89 0.46 4.47
#9 1.76 14,05 0.60 2.95
# 10 3.07 14.64 1.35 2.29
# 1 3.81 23.82 0.82 4.65
#12 1.12 11.54 0.42 271
#13 2.19 12.73 0.67 3.28
# 14 1.61 21.47 0.44 3.71
415 276 20.99 0.69 4.02

(a) Interface-failure mode

@

(b) Yielded upper sheet pull-out failure mode

(¢) Yielded lower sheet pull-out failure mode

Fig. 5 Failure modes in static tensile test
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Fig. 6 Applied load vs. displacement for various

mechanical press joint specimens
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Table 5 Fatigue test results of tensile-shear spot welded specimens

Mech. properties Specimen Sheet Nugget
. . . . " .
Specimen Material oy O EL width thickness diameter
(MPa) | (MPa) | (%) (mm) (mm) (mm)
Ref. No.l1 SPCC 193 329 50 40 0.8-0.8 5.0
Ref. No.2 SpCC 242 326 42.4 50 0.8-0.8 4.8
Ref. No.3 SPCC 242 326 424 50 0.8-0.8 4.8
Ref. No.4 SPCE 182 310 45.8 50 0.8-0.8 5.0
Ref. No.5 SPCE 182 310 45.8 50 0.8-0.8 6.4
* upper sheet - lower sheet
10 T vy T — O #.58 A Tensile-shear
o #2588 T T Spot weid ref. o.1
a #3,5-8 - -~ Spot wald ref. No.2
T O#6AA -+~ Spol weld ral. No.3
© #HsAy e -Spot weld ret. No 4
+ #10,S-A 3 N ~-~Spot wald ref. No.5
a X s * ' AP AT
: ey, T | - g pii
+ + - + #10, S-A, PD=6.4mm
é o g ©° . voo %%3 0 %8 : 2
2 1wt v 1 H
3 o x 3
8 E x o % 5 X o E § r
T 0 0@ el
107 u:;’ |‘o‘ 1‘u‘ - |la‘ 107 110 1lo‘ \lo‘ 10

Number of cycles, N

Fig. 12 Applied load range vs. number of
for mechanical press joints
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Fig. 13 Equivalent stress range vs. number of
cycles for mechanical press joints
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Fig. 14 Load range and number of cycles for
tensile-shear spot welded and mechanical
press joints (The lines represent spot weld
results in Table 5)
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P (equivalent load)

h/2

ri : Inner radius(punch radius)
rp : Outer radius(punch radius+tneck thickness)

h : Height of contact region

Fig. A-2 Model of equivalent stress for interface
failure mode (bending)
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Fig. A-3 Model of equivalent stress for pull-out
failure mode
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