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Electric resistance spot welding has been used to join overlapped steel sheets in automotive bodies. Recently to reduce
weight in automotive vehicles, non-ferrous metals are being used or considered in car bodies for hoods, trunk lids, doors
parts, etc. Various welding processes such as laser welding, self-piercing rivet, friction stir welding are being used. In the
current study, a new electric resistance heated friction stir spot welding is suggested for the spot welding of non-ferrous
metals. The welding method can be characterized by three uses of heat -- electric resistance heating, friction stir heating
and conduction heating of steel electrodes -- for the fusion joining at the interfacial zone between the two sheets. The
welding process has variables such as welding current, diameter of the steel electrodes, revolutions per minute (rpm) of
the friction stir pin, and the insert depth of the stir pin. In order to obtain the optimal welding variables, which provide
the best welding strength, many experiments were conducted. From the experiments, it was found that the welding
strength could be reached to the required production value by using an electrode diameter of 10mm, a current of 7.6kA, a
stirring speed of 400rpm, and an insert depth of 0.8mm for the electric resistance heated friction stir spot welding of 5052

aluminum 1.5mm sheets.
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Fig. 2 Layout of steel electrodes and overlapped aluminum
plates for experiment

Diameterof the pin: 4.6mm  Diameter of the electrode tip
A\

Fig. 3 Shape of stirring pin and steel electrodes
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Table 1 The characteristics of the specimen

Component | Al Cr | Cu | Fe | Mg | Na | other
(Wt%) 95.65 | 03|01|04]|06|08]| 015
Thickness Width Height length
Size (mm)
15 150 50
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
shglar, A Behe] A7el 4% Nu7(diameter of

electrode tip)S & Al 7}A F£79 AFS 95}

A] 8. =

Jfs AT A 2A8FEs d9g F
4.6mm~-5mmA L7t AFEdS 7| x=E sho] AAHHA
tH7~8].
3.2 Az
A&
=

AYrAe] FAE 15mm= A
AR o] AMEEHE T WSy
o]7] wjitolty AlHel W ELES AAGH
ete] WEreS o] 83 Aol 7t Ay H )
2%l o] elztZ Table 29} #ol & 3709 AR

Foka, AR FEe F 3rEow Aaqn. A%

of AALe Adwd, AFEE, 45A4AY 54 #
A A E dAstar HEo g3 A
o] =919 T3 #Adste] HIHF WP dFE +
t}. o] ARl zlo](insertion depth of pin)= &3% =
4ol 2rE TS 9T awtade] JEgFS
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(stirring speed)= &5 U4 EASAIY 24
frerl el dFS o olelgt JEgS Farsie] 3



THE &FrE5062 e AVAZFE vpEa Sl wE AT 259

Table 2 The major factor and the level of factor

Factor The name of factor The level of factor

Welded plate

A Diameter of the electrode tip(mm) | 12 10 8

B Insertion depth of pin(mm) 08 | 04 0

C Stirring speed(rpm) 1200 | 800 | 400

Fusionexplosion: F.E

Pressing zone
of electrode

The experimental conditions (More than 70% o!

Diameter of the electrode tip :12mm Current : 7.8kA the diameter of
Stirring speed : 1200rpm Energization time : 90cycle Miopleciude bp)
Fig. 4 The shape of surface of welded plates i
D Smm (W.W)
- _ _ Weak weld : W.W . -‘Hl! e
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the electrode tip;
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Model : UH-300kNI
Ultimate load : 300kN

Test conditions
Speed : 0.5mm/min
Stroke of limit : 6mm

Jig type : Mechanical
- Load of limit :15000N
Welding zone
Fig. 7 The lap shear test machine and method
Table 4 Results of lap shear test(ultimate tensile load)
Experiment No. Load (N) Average (N)
1 2754.16
2837.06 2727.05
(D:12 1:0.8 S:1200) 2589.94
2 2091.19
2208.75 2314.94
(D:12 1:0.4 S:800) 2644.88
3 2009.06
2787.38 2332.75
(D:12 1:0 S:400) 2201.81
4 6040.88
5757.38 5903.19
(D:10 1:0.8 S:400) 5911.31
5 5952
5859.38 5902.51
(D:10 1:0.4 S:1200) 5896.15
6 4232.62
4567.03 4294.62
(D:10 I:0 S:800) 4084.22
7 4645.78
5152.03 4763.91
(D:8 1:0.8 S:800) 4493.91
8 4312.26
4400.16 4445.70
(D:8 1:0.4 S:400) 4624.69
9 3262.97
3570.06 3430.55
(D:8 1:0 S:1200) 3458.62

D : Diameter of the electrode tip(mm)

I : Insertion depth of pin(mm)

S : Stirring speed(rpm)
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Table 5 Analysis of variance
S i) \Y F F(0.1) F(0.05) F(0.01)
A 12870343.26 2 6435171.63 27.56 9 19 99
B 2050220.87 2 1025110.44 4.39 9 19 99
C 285455.12 2 142727.56 0.61 9 19 99
e 467006.04 2 233503.02
T 15673025.28 8
A : Diameter of the electrode tip S : Sum of squares Fo : 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 0=0.05
e : Error T : Total sum of squares F(0.01) : Critical value at 0=0.01
Table 6 Analysis of variance (pooled error term b and c)
S (i) \Y F F(0.1) F(0.05) F(0.01)
A 12870343.26 2 6435171.63 13.78 3.46 5.14 10.9
e 2802682.028 6 467113.67
T 15673025.28 8
Table 4¢] 255 2-&3to] Table 59 22 #4F &
HNEE oA 44d 35 Al R
Pt bt racture e JFrs B Stk dgdow 4%
Awel A4 2 4 T QA A94UL =
& Tt & 4 vk Rl o] Add S 99%
o FEoll= EEehA] XBAT 95%°] FER HH
Arol 4Fe FE AL % & Yok GeoR w
W agiole A4S 9%l s E =as)
A Rahs Aoz mel wukmel 4kgizle] ARt
AEA=A Ggol 24 BAY AL AWY &
St mHAEO R anbSEs o VA HUE &
A ERE wolE Fogtel W ZA et o] Edl
A= 2 dFe A Hoke em dddn,
kA BRIzRSE CRIAFS eatdtell ERFAIAA HAl
A 2okth 1 A Table 6% 22 %7F vhgkar,
EE AFEA FHARE 98 EE VA AE R
B AL ¢ 4 Ak me 2nden dugel
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