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An Experimental Study on the Strength Evaluation of Al-5052 Tensile-Shear
Specimens Using a Mechanical Press Joining Method

Lim, Doo-Hwan", Lee, Byung-Woo ™, Rhyu, Hyun-Ho™ ", Kim, Ho-Kyung*

Jl Abstract JL

A mechanical press joining was investigated in order for joining Al-5052 sheets for automobile body weight reduction.
Static tensile and fatigue tests were conducted using tensile-shear specimens for evaluation of fatigue strength of the joint.
During Tox joining process for Al-5052 plates, using the current sheet thickness and punch diameter, the optimal applied
punching force was found to be 32 kN under the current joining condition. For the static tensile-shear experiment results,
the fracture mode is classified into interface fracture mode, in which the neck area fractured due to influence of neck
thickness, and pull-out fracture mode due to influence of plastic deformation of the joining area. And, during fatigue tests
for the Al-5052 tensile shear specimens, interface failure mode occurred in the region of low cycle. The fatigne endurance
limit approached to 6 percents of the maximum applied load, considering fatigue lifetime of 2.5 x 10° cycles.
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Fig. 1 Process of the mechanical press jointing
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Fig. 2 Schematic depicting the cross-section of mechanical
press jointing
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1. AD(anvil depth): tho] E#o|=9] Edtol|A RE AW
7t 9] Zlo|

2. BD(button diameter): @$RY0 2 JAH FE9] A

3. CT(cap thickness): 3 ujee] &7
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21 Zo|2472) Az

. hiheight): RN 4F - shEre] HEW $7o|

. NT(neck thickness): 257, % S77} 714 ghe 22

. PD(punch diameter): X 27

. tl(punch side metal thickness): A% 2R F7

. t2(die side metal thickness) :3}g Z2}2] %7

-

O 00~ O L

3. A¥ 4y

2 AFolA 74 A HePgor AFH Az A
S Are 22 A9 FFIAE HY dA A== g
o] F8HI Yt ¢FulE LH(ALS052)22A 1 71A41H
A gsty 22 Z+7F Table 1, Table 29F 7t

debHel F &4 AFES KSHE ot AFES A

Table 1 Mechanical properties of the base metal

Photo. 1 A photograph showing cross-section of
mechanical press jointing
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Fig. 3 Configuration of the tensile-shear specimen

Zpsto] ALgsteh B AFof AL 74 A o] ¥
3 FH0] A4 ARH vy} glong H gHo| AFgEE
KS B08510] 9|73k ol#-Ak(tensile-shear) A% W}
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Ar2 Fig, 31 Zon 4= W = 30mm, L = 100mm, P
= 30mm, =74 0.8mm2 3}t

B dpo N A ZyA Jggyon gol AEE
£ £9 TOX A1"Y9] viE(button) BA49) 2-e= A
(round clinch) 7|43 T~ HE $y& Adsigct. A
A Yo3t 35S 7lets AXEE 10ton 59 A7) &
&4} whs A2 Al 7)(Instron 8516)F AM-8giCt. A3

Table 2 Chemical compositions of the base metal (wt. %)

Material | 0,(MPa) | 0,(MPa) | E(GPa) |Elongation (%)

Material Mg Mn| Fe | G| Si | Cu| Zn

Al-5052 273.6 213.8 783 12

Al-5052 28 [ 010040 035|025 0.10] 0.1
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Fig. 4 Punching force against displacement for the Al-5052
tensile-shear specimen during TOX® jointing
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Fig. 5 The Tox-jointing process
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Fig. 6 Punching force against maximum displacement during TOX® jointing
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Fig. 7 Displacement against applied load curves for
tensile-shear specimen
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Maxium tensile-shear strength (N}

Fig. 8 Punching force against maximum tensile-shear
strength for the mechanical press joining specimens
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Fig. 9 Load range against number of cycles for the
mechanical press joining specimens

Photo. 2 Surface of pull-out failure mode
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Fig. 10 Equivalent stress range against number of cycles

for the mechanical press joining specimens

Photo. 3 Surface of interface failure mode
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