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Nomenclature

: torque due to friction stir spot welding

: torque due to tool shoulder

: torque due to tool pin bottom

: torque due to tool pin surface

: torque due to tool pin surface at surface friction

stir spot welding

: radius of toel shoulder

: radius of tool pin

:’maximum shear stress ‘of alloy

: height of tool pin or insertion depth

: coefficient of friction between the tool and the
workpieces

: applied+force

: welding. power

: welding power at surface friction stir spot
welding

: average tool angular velocity

: heating value due to friction stir spot welding

: heating value due to electric resistance spot

welding

: heating value due to electric resistance friction

stir spot welding

[J]
[J]
[J]
[J]
[J]

[mm]
[mm]
[MPa]

[mm]

[W]

[W]

[s-1]

[cal]

[cal]

[cal]
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: heating value at surface friction stir spot welding
: welding time

: welding current

: electric resistance

: specific resistance of conductor

: length of conductor

: cross section of conductor
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[cal]
[s]
[A]
(<]

[mm]

[mm]
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Clamping cylinder Electrical controller

Pressing cylinder

ABTIOE A of stirming pin

Hydraulic unit Main controller

Fig. 3-2 Equipment of Electric Resistance Friction Stir Spot Welding
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Diameter of the pin : 4.6mm  Diameter of the electrode tip

Fig. 3-4 Major parts in equipment
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400

10
0.4
8§00

The level of factor

12
0.8
1200

The name of factor
Diameter of the electrode tip(mm)
Insertion depth of pin(mm)
Stirring speed(rpm)

Table 4-1 The major factor and the level of factor
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Fig. 4-2 The method of Peel test
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The experimental conditions
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Arsenic acid : A.A

(More than 70% of I ‘
the diameter of ;
the electrode tip)

\l

I i
Strong welding : S.W | = ”'ﬂ!

Weak weld : W.W
(Less than 70% of
the diameter of
the electrode tip)

.4.’1 J ,l
; 3 -_5,.,:‘:‘ -Eh'

Non-welded : NNW

Fig. 4-4 Four types of Peel test results
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Table 4-2 Results of Peel test

Diameter of the electrode tip
Current
12mm 10mm Smm

7.0kA NW

7.2KA N.W- ww

7.4kA NW

7.6kA W.w

7.8kA \W

8.0kA Aed
A A : Arsenicacid W.W : Weak weld
S.W : Strong welding N.W: Non-welded
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Table 4-3 Table of orthogonal arrays

Experiment No. (iolunzm ngmbt:r Experimental conditions | Specimen No.
11
AoBoCo=(0,0,0) —
1 Oi & | |0 12 0.8 1200 L
- - 13
AoB1C1=(0,1,1) A
oB1C1=(0.1,
2 RS 12 0.4 800 £ 2
i 23
AoB2C>=(0,2,2) -
0B2C>=(0.2,
3 g2 |2 |2 12 0 400 32
- 33
A1BoC>=(1,0,2) l
1B0C2=(1,0,
4 10 L1223 10 0.8-400 ‘2
- 43
A1B1Co=(1,1,0) 2
1B1Ce=(1,1,
? 20 10 0.4 1200 F
" 53
ABC,=(1,2,1) 42
6 1 | 248 ob Sl W e 6 2
10 0 800 63
ArBoC1=(2,0,1) [
2B0C1=(2,0,
i 2y | 0 e Yl 2 0.8 300 12
2 — 7 3
AoB1C=(2:12) 2]
¥ 2R 2 804 400 ® =
b g 3
ArBrCo=(2,2,0) 2]
9 2 2| 9| ® il e 9 2
8 01200 93
Default display | a | b | ab |ab’
Arrangement | A | B [ e | C

_34_



14

B!

0.5mm/min .

o,

g

9519

/gz

= 15000NC. =

of Al 27]

==
)

5

Agun} v Jedns) g waa 2 g

ol

Test conditions

Speed : 0.5mm/min

Stroke of limit : 6mm

Load of limit : 1 5000N

Welding zone

Fig. 4-5 Tensile testing machine

_35_



el

2 ey

©F454.63N 9]

H FHd 5903.19N Al 2 A 2314.94N7}A]

ghol okl H = 132 6000NTHS] <

£

al

P

ol
teel Aol g AA

°©

<t

A3}

KS B 080172 <]

A

Eea
)= |

T
T

Al
=

3.3.4
Table 4-4
ekt AA <

)

~
file)

N

il Ay st

A AA AE JEE AL

=
>

o]

)

oF

AN Z Aol 7} LpELEA]

4= 200N A

3

Mol

_36_



Table 4-4 Results of tensile test

Experiment No. Ultimate tensile load(N) Average(N)
i 2754.16
>
(12 0.8 1200) ;g—;g-gg 2727.05
o 2091.19
i 2208.75 2314.94
(12_0.4_800) =
3 2009.06
278738 2332.75
(12_0_400) SR
1 6040.88
5757.38 5903.19
(10_0.8_400) A
5 5952.00
5859.38 5902.51
2
(10 0.4 1200) g
6 4232162
4567.03 4294.62
healt 4034.22
. 4645.78
5152.03 476391
(8 0.8 800) s
8 4312.26
4400.16 4445.70
(804 400) 4624.69
9 3262.97
3570.06 3430.55
—— 3458.62
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Perfect button fracture

Semi button fracture

Interfacial fracture

Fig. 4-6 Fracture shape after tensile test
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Table 4-S Analysis of variance

S [i] v Fo F(0.1) F(0.05) F(0.01)
A 12870343.26 2 0435171.63 27.56 9 19 99
B 205022087 2 1025110.44 4.39 9 19 99
C 285455.12 2 142727.56, 0.61 9 19 99
e 467006.04 >, 233503.02
T 15673025.28 8
A : Diameter of the electrode tip S.. Sum of squares F;: Test statistic
B : Insertion depth of pin ¢ : Degrees of freedom F(0.1) : Critical value at 0=0.1
C : Stirring speed V : Mean square F(0.05) : Critical value at t=0.05
e : Error T : Total sum of squares F(0.01) : Critical value at 0=0.01
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Fig. 4-7 99% confidence interval graph
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A Study on Welding Strength of Electric Resistance Friction Stir
Spot Welding using Aluminum Plate

Min-Su Jang

Department of Mechanical Engineering, The Graduate School

of Industry, Pukyong National University

Abstract

Vehicle weight reduction has become a recent issue' of non—ferrous
metals according to business efficiently for spot welding method
capable of being accelerated studies. The electric resitance friction
stir spot welding is efficiently welding method to two non-ferrous
metals welding using the electric resistance heating  with electric
resistance heating. The aim of this paper 1is comprising the
applicability of the eleetric resistance friction ‘stir ~spot welding and
design of the welding. apparatus; ar few main- factors influencing the
weld strength and having optimum -conditions. Thus, the electric
resistance friction stir spot Welded specimens through Peel test and
found the current conditions for welding, weld strength obtained
through the tensile test on the basis of specific factors influence the
strength and optimum welding conditions are found to have. As a
result of 5052 aluminum having a thickness of 1.5mm and the electric
resistance , friction stir spot welding when the energization time
90cycle, the tip diameter 10mm, the strength of current 7.6kA, the
insertion depth of 0.8mm, a stirring speed of 400rpm stirring condition
of the pin to the highest it was possible to obtain the weld strength ,
the size of the KS B ISO 18595 standard requires a minimum shear
strength by about 152% could see the watering.
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