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Abstract

It is difficult to control welding variables during spot welding of non-ferrous metals like aluminum because of the low
electrical resistance of the material. It has been suggested that a solid state welding process such as friction stir spot welding
or extru-spot welding can be used to spot weld aluminum plates. In the extru-spot welding, there is a need to increase the
weld strength by improving the shape of the welding die. The current study shows that the weld strength for an extru-spot
welding can be increased by using a pin placed on the inside of the upper electrode in the welding die. In the current study,
the deformed shape of the insert rivet and the stress distribution in the welding zone were analyzed by simulation. Extru-
rivet spot welding experiments were performed by changing the height of pin on the inside of the upper electrode. From the
experimental result, it is shown that the weld strength for an extru-rivet spot welding can be increased by adjusting the
height of the pin. The optimal shape of the deformed rivet after the extru-rivet spot welding can be observed from the
simulation results. The deformed shape of the insert rivet can also be controlled by the height of pin.

Key Words : Spot Welding, Extru-Rivet, Electrode, Electric Resistance, Solid State Welding, Aluminum Plates
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Fig. 4 The analysis region of simulation

Table 1 Comparison of measured roughness data

Material
520 °C
temperature
Material Aluminum 5052
Number of Elements 20000
Max Element Size 0.8mm
Mesh . .
Min Element Size 0.4mm
Mesh Window Elements Size 0.2mm
Solver Sparse
Iteration method Newton-Raphson
Punch stroke 2mm (speed : 0.3mm/sec)
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Fig. 6 Welding line and measurement area at welding
zone
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Fig. 8 Extru-rivet spot welding machine; (a) welding die,
(b) welding frame, (c) projection welding machine
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Fig. 9 Dimension of specimen

Table 2 Chemical composition of aluminum5052

Al Cr | Cu | Fe | Mg | Mn | other

Component
(%)

95.65 |03 (0.1 |04 (26 |08 |0.15

Table 3 Mechanical properties of aluminum5052

Tensile strength (Ultimate) 193 Mpa
Tensile strength (Yield) 89.6 Mpa
Modulus of elasticity 70.3 Gpa
Melting point 607.2 ~ 649°C
Annealing temperature 343°C
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Table 4 Data of ultimate tensile load

h (mm) Ultimate tensile load (N)

0 3461

0.5 3666

1 3368

15 2461

. . . .. 2 2430

Fig.10 Tensile shear test of spot welding joints(KS B

0851) Without pin 1900
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Fig.11 Extru-rivet spot welded aluminum plate(h= -
0.5mm); (a) top view, (b) bottom view (c) side 1000
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AFA7IS 37KA, 5HA7FS 90cycled] A A

A7IA7E =11 TFFe AldAHe AHE U 18] Al A(1)=> KS B 1SO 18595 Aol A #staL
B3 ()= AldHe 52 Yz gon T U AEAE EFrE FAY FoAx S A7
a8S Eg gAdaAst T Ao ok=u kAo AA Ha Add py & Fol=d Zask Aoy o]
e e FAY 5 ek 2% Fig. 19l (F ) T 250N A A% wysTs avea .
23 wolzio]l P AS fotow Fola 2 Fig. 12 ol A] <Foll A A3k KS B I1SO 18595 24 ]l
9] T} A AFEEaL e Y dFrE Ao &4 A

S Est AVARIEE hERAEE Aldde A
43 2T =™AD} g et S vas] w2oktt
Table 4= o] Zolo] W= A7 AYG A Zefszel A Bl & ¢ ghkol W] gl h Tt
Haro] AFAES Hrber gAY A3 Ao}, 05mm ¢ w M3 A% 3666N O & JFAA 253}
ANgdoldel Az A bk ommeld gE = BEERAES wHEaL awe) Heees)
Wl AHgat el A4 gov Agdse ¢ AL 2 S AT 5 AN
PaA dgae) dudgdo] 7 o) dHd A4
Bug fAsks we) ol hvh 05mmd W 7Y 5.8 £
Z FskT S dele AS g9 & 5 dsdnh
= ATelM A7IARME S ol &% hEAAT
P =26xtxdxR_ 1) oA QAT IS A AFIIEHT dHE
t : Thickness of test specimen (mm) F7hetel FEAAEE AlHd dig AlEw ol
d : Nugget diameter (mm) AFAE S Foto] g A2HE &30
R :Ultimate Tensile Strength of aluminum 1) ¢=d4

alloy at standard condition (MPa) o013 AAGE3AH



288 o]+

sSmmojal FH7FE =9 A7 d27F 4.2mm, AL
74 d37F 2mm= nAE g, RIS A
© Ao ge m 2 X

I'h k)
Wel BWow giHwA AREAo] A

Aol AZIE 37KA,

Ak A9l e =] h7k 0.5mm,

NI
s
O-

)
o

fio

K3

o]

=
on FFHART QFANFL Bare] WEULE
2 Hol gl A5 HEHBERT AA FAA
44 9ee 4 Aad

o] = AUt A& sEA e A
A& ol e A9 THC-D-2013-0412).

REFERENCES

[1] D.B.Kim, M. Y. Lee, B. J. Park, J. K. Park, H. Y. Cho,

-3

el

ol

(2]

(3]

[4]

(5]

(6]

[7]

(8]

o
o
)

2012, Forging Process Design of Self-Piercing Rivet
for Joining dissimilar Sheet Metals, J. Kor. Soc. Marine.
Eng. Vol. 36, No. 6, pp. 802~807.

D. B. Yum, J. B. Ko, B. K. Choi, S. G. Lee, A. K Kim,
2002, Evaluation of Resistance Spot Welding
Weldability of Aluminum Alloy 5000 Series, Trans.
Kor. Soc. Mach. Tool Eng., Vol. 11, No. 3, pp. 8~13.
Mitsuo Fujimoto, Shinji Koga, Natsumi Abe, S. Yutaka
Sato, Hiroyuki Kokawa, 2009, Analysis of Plastic Flow
of the Al Alloy Joint Produced by Friction Stir Spot
Welding, Weld. Int., Vol. 23, No. 8, pp. 589~596.

W. Cai, P. C. Wang, W. Yang, 2005, Assembly
Dimensional Prediction for Self-Piercing Riveted
Aluminum Panels, Int. J. Mach. Tools Manuf., \Vol. 45,
No. 6, pp. 695~704.

I. T. Jin, 2007, Extruvet Bonding Apparatus and
Method of Metal Plate by Plasticity Flow, Kor. Patent
No. 10-0743857.

J. H. Lee, T. H. Kim, M. Y. Lee, I. T. Jin, 2009, A Study
on Welding Strength of Extru-Riveting Process of
Aluminum Plates, Trans. Mater. Process., Vol. 19, No.
8, pp. 460~467.

S. J. Lee, I. T. Jin, 2013, A Study of Weld Strength of
Extru-rivet Spot Welding using Electrodes Heated by
Electric Resistance, Trans. Mater. Process., Vol. 22, No.
4, pp. 189~195.

K. K. Lee, 2009, Ph.D Thesis, The graduate School,
Pukyung National University, Pusan.



