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Spot Welding of Aluminum Alloys Using Servogun
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Abstract

Conventional method for electrode force application in resistance spot welding(RSW) processes is to use pneumatic
cylinder. However, due to its inherent problems in pneumatic power system such as compressibility of air and poor
transient response characteristics, new electrode force system with servo control are recently introduced in RSW
machine. This machine is called "servogun”.

The purpose of this study is to evaluate performance of servogun in case of spot welding of aluminum alloy.
Aluminum alloy(AS5052) sheets are spot welded using pneumatic gun and servogun. Both results are compared by
means of macro cross-section etching test and tensile shear strength test.

Numerous previous research have reported nugget with many voids and cracks are not uncommon defects in spot
welds with aluminum alloy. The experimental results show similar defects in case of pneumatic gun. In contrast, use
of servogun considerably reduced generation of voids and cracks. In case of step-wise increased forging force at the
end of welding cycle with sevogun, crack-free and void-free nuggets have been observed.

The performance of servogun has been also verified by series of tensile shear test. Higher strength values have been
achieved with servogun in comparison to that of pneumatic gun.

* Corresponding author :

hschang@mju.ac.kr (Received June 28, 2004)

Key Words : Servo gun, Pneumatic gun, Aluminum alloys, Resistance spot welding, Void, Crack

2 93 W7l o9 BAE Askd ARENE A
AZlRE @7E APHn ok oleld A mhe
@A AR AgHE ZRnA PR S5 2

2 /e 9RE FFE AT AEUL ot st
Aol & ANE Aol ¢Ruly FFE ABun

.M B

T MEREY EIAE Bl HAF IS
ZAs= MEZA(servogun)©] AHAIEF I ==
I Y dEe] TANS HARIAE 37]% Aol Ax

deg 90%e1d ZAHAJNG. 2 olfe HEEH, ¥
24%F, FYojriole Fo HFoR o]FofR 71AY
1R 017) B SR ESE IV AR A
At o TEGY Y MEEE B w2

ook
2L
2,
vy
X
i)
o
ﬂllo ¥
do
L
)
ot
o,
ot
ot
N
2
h
=
og:{l
i,

REIEHAEEE H22%8 $4I8, 20044 8H

o AR & dAEEE /KA Yol &% F uA

metd FHoz Qg SHERS WA &85t
48] w5d o Ao FHLY WFor A&
49 & T e T FEEE R AR 484
PR dasi)? . A4 AkeEE 371 ddgs

olgg Aol Algun)Erdel A HEWHA ol

339



44

%4494

Me 58 AAVE 3 fAloln dUne A=

A8E 7k £34d A7 slo] vAlRe 7
FT(void) 2 Zd IAL I F gliol FulLloA
AP gL A7eld BHYHFY. B8 P H.
Thornton”9] AFolME <2rE &4 A Uz
°ﬂ ZA8ke 713E A% § 7] wWEd 713y W

2 By BHole yzlel A9 uiek #3830}
—J-r%‘ihr 22% vt sl E£3 Kang”e A7l
Ae FYd 9% f383232 (cored structure)©] A
371 AFE2 YAAo FAAE DA 5 719
e W5Age gloy] A% ez FEANE 3
EA] 217184 (holding force) &2 %A o} dtia
Zlgdta ok A7 dFElE AEEA AN
Y& $HES 2ATeEZA U YR 713 2 29
TS JAslA ol wiE §FAEe] WIE EMF
A+ FuldM = o Exn # vk gl

Fig. 3 Pneumatic gun

340

oo £ AToE ARdel $4% NIEEHS
olgale] TTRH(A5052) A e FAL
PPPle 48e Asdn A AAeE @l
A AHgEE ARDAE olgdtl §HEF GEL A
Aoz Weh AN U7 R A3 2 adge
Wsle #3399, 291 o] A%e @A A1 A
$HAANA Bo] o7 Y Y AS 018 &
Bass} vl BAgo s IvlE FavAlel A%
287 A NErieel Bene Amsdct

H e

2. A gt

oo

X =]
ETREIN

oek

21 A" Fx|

AR AAE A A AYANNA AHGEHT S
T FA3AL el 350kef &3 CB MBS
AR AEA Aol7)e AR AL 1% o7&
o] g3lATt. © Aorle EF FHATIZ HEE
golBE Aofetq AS /RS T =8 B
o|M(T/C)E Alotete] &HARE A5 7H9es 4%
A1 SRR ZHeiA do A
&, &RV, R 3 e
A7b delg Zgad & F 3131 2% M 2R =
2Rd7IeE 7hsst.

2 AgA Eolm(T/C)& Wel3 D-T0(8 87
AP & AHetRen, $4 Edae EFvEY

A% Qi 97 84 A% B} 2~ HES 2 &
3 A 2

As7t wastez? 9wt W4 TRE
150kVA &%) EEE TRE AH8slsrt. 24 #)
, 2ok 2m’l AL AL

Il
1&g giAo] 150mm? °lx

[

falgion ASHLE FAE RE(ZAAE ¢=16mm,
HXG 2& r=100mm) & AHEsIATH

G AL B Skef/em®e 2 7FE 290kefS
1 Qe CE 2R A4S AMEsT. Wi A
5 A Bz ARE o] 83l W e I 22T
7t =g A

dFuE FEAHE WAl st &4
dgAdo] Fol Hut 9 gL o Fo| 2oy Tzt
0.8mm¢ A5052 AlHE& AMgsiGith. EHAE 4
T2 3K €3 e 22 €48 9k Table 1
d &4FulE A5052 AW g 33 7ol vEht
il Fig. 79 2 27|71 A Ho} Ut}

22 Ay

MEA 3 F7G Fez o IR, 83 A

Journal of KWS, Vol. 22, No. 4, August, 2004



AEAE o &% gFulw 39 A% A& 45

Table 1 Chemical compositions of test specimen(wt-%)

Cu Si Mg n Mn Cr Fe Ti Ni Al

50521 0.10| 0.25 | 2.2~2.8 | 0.10 | 0.10| 0.15~0.35 | 0.40 - -
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Fig. 4 Block diagram of experimental system (a) Electrode force applied by servogun

Table 2 Experimental conditions for various electrode
force schedules(kef) 250 /ﬁ,,.r"" R

( sqeeze force - welding force — holding force ) §° 1725
Exp. 1-1(P) Exp. 2-1(P) Exp. 3-1(P) ¢ s /“[ k
130-130-130 180-180-180 |  230-230-230 = / ]

T 575
Exp. 1-2(S) Exp. 2-2(S) Exp. 3-29) g \
130-130-130 180-180-180 230-230-230 = 0 750 500 750 1060 T
Exp. 1-3(S) Exp. 2-3(S) Exp. 3-3(S)

squeeze welding | hotding | A1} (msec)

130-130-180 180-180-230 230-230-280 -
Exp. 1-4(S) Exp. 2-4(S) (b) Electrode force applied by pneumatic gun
130-130-230 180-180-280 Fig. 6 Electrode force curve
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Fig. 9 Weld cross section for Experiment 1-2(S)
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Fig. 11 Weld cross section for Experiment 1-4(S)
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Fig. 13 Weld cross section for Experiment 2-2(S)

Fig. 15 Weld cross section for Experiment 2-4(8)
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Fig. 18 Weld cross section for Experiment 3-3(S)
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