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Abstract

Resistance spot welding has been widely used in the sheet metal joining processes because of its high
productivity and convenience. In the resistance spot welding processes the size of molten nugget is a criterion
to assess weld quality. Many research have founded on measuring weld nugget size at the same time monitoring
welding process parameters such as dynamic resistance and electrode movement.

With increasing demand of energy saving, many efforts were made to employ aluminum alloys that are
lighter than steel and have relatively equivalent strength to steel in the automobile industry.

In this paper, spot weldability of aluminum alloys for various welding conditions were examined by series
of experiments. One of the 6000series{Mg-Si) aluminum alloy, 6383-T4 was chosen, which is currently conside-
red as a substitute for the galvanized steel.

Dynamic resistance, electrode movement and corresponding nugget size were observed and compared to
the case of steel. Finally, resistance spot welding of dissimilar materials (galvanized steel-aluminum alloy)
was attempted.
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Fig.1 Schematic diagram of spot welding system and elec-
trode geometry.
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Table. 1 Chemical composition of Aluminum alloy
(KS6383—T4)
(atm. %)
Mg Si Mn Zn Fe Al
1.92 3.06 0.23 0.21 0.02 Bal

Table.2 Mechanical properties of Aluminum alloy

(KS6383-T4)
Tensile Properties
Thickness | Temper oY oT Elongation
kgf/mm?® | kgf/mm? (%)
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Fig.2 Block diagram of electrode movement measuring
system.
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Fig.3 Block diagram of electronic instrumentation system
for computing dynamic resistance.
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Fig.4(a) Typical dynamic resistance curves.
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Fig. 4(b) Comparison of dynamic resistance curves.
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Fig.5 Dynamic resistance of Al alloy
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Table. 3 Nugget sizes for various welding conditions.

e (kgh) | AH (kA | A (mm) |[FA(mm)| =
22 2.790 0.540 B
24 4,120 0.810 B
26 4523 0.570
200 28 5.625 0.580
30 6.267 1.030
32 6.071 1.001 T
34 6.628 1.106 E
24 2.891 0.551 B
26 4.368 0.790
28 4,722 0.879
250 30 5.991 0.976
32 6.535 0911
H 5.741 0.725 T
24 2.730 0.560
26 2.892 0.687
28 3423 0.711
300 30 5.066 0.678
32 5.290 1.010
34 6.400 0.872 T
24 2.590 0.750
26 3.860 0.783 E
28 5.690 0.589 E
350 30 4.257 0.837 E
32 4.186 0.767 S
H 6.324 0.661 E
36 6.824 0.690 T
S:AH8Y Spatter. E : Expulsion.
T: Tip &3 B | Stuck weld.
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Fig.6(b) Electrode movement of Al alloy for various weld
currents.
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Fig.6(c) Electrode movement of Al alloy for various elec-
trode forces.

& ¢ T Utk
4. R &

A7 AR AL EA S A o9 HAS
A% AVIAFHY ANdH iR PEHoz =
FRZE A¥sled SR EHEne Sxm
ofHet dFuEHETY oldE AR LHo]
=4l Q3 BEo|Zolu o]y =L
AL A% AT ZAE A7) daAMe
olF olFAMEY AFgHEHo 2 TFHLL JEAR
|40 st A= F2 FEAZAA FAN 2
2% 237 FUAL FFo HAAS Fg
AU dHdE s 2 49 g ¢t
AN ZEH QAT B JFo) A AL g9 o] Z2AEE dA
AEa BAZ3AA AFFRLoZ ARHE ofd
TEZB(SGACO) T WAAo] 43l AFAE
2 SPAE7} v E S5 KS6383-TaA G &
FolEdaolth dFuFHFL olAEF 4T A
SET AT g0 Fu dAo) EHEH 8%
(655C)7F AABIA w7) W&ol o] o]EA 7
|HL oEE BAZ dol Ut GFRvEIFL
A3 §3= 7] i G40 EX8) o) FHe

oX o ol

482

PR RE LIRE LR

AAZRS 72 &HARE oz 3in, ojdxF
FLT(14920)7F B vlmE 7 884
1S oz duf ol Ao 4Lk £
317] Aol 2RV EdES £80 4oy 4857}
s 7] 4ok @R e e AT B
F2oM dFNEREH otAET I L] HEA Y
of oste] BHHE Holl ot AFHFHTY &
0] Yoy &4 o12}7] Eoh= Bondingol 7172
e s Bl

ooy oft
oo cH o
rlo

¢

>
£

B ATNE oldEIART FRULES ¥
o7 $iste] AR HRE] FRAITip AAL
mm= PYHL BTOFFEHY ASTipA4 S

6mm, 8mm, 12mmZ WA A FTAFHY 9
AFEENLE ZH A 4 - 317 A3 3 Aol
6tmmzZ FIdT o Fig7(ad= A3 wH3lo|n
GFujEFHY &8¢ vEte £ 27)dE o}
Aty MAH oldxEFATY dZuFTFF
LA GE St B HEHEAY
72 A% AYRAEAI}L o ZA Jdehdy E
Age asAnt GEuiEEaEte] 28274
vehle 489 ZAtE gust 2488 U
Bl &4 FutRoA e AL HANEE o
FA F3tn AL A 28y SHE7RE
|80l ¢ WA HAAFYL AT HiE ¢F
nEde SHEY & e Jebdel (Figs
(A&=) Fig7(b)= A3 TipAE S 6mm, 318
ASTipA 72 S 8mm=zZ 7}35te] £33 EA4F9
Haloly £ z7 JEAH 71 Q8o F
Age FolA ] LHFUEE AP =2 Fig7(a)
o2& FYgE Holn BAGE BaE Tk Fig?
(e FHA3TipA % & 6mm, S+ A3TipA 4&
12mm= 38t &3P o, HFE F7IAA ofd
ZER% AFUEE ¢FvEde AwEo
FHo 2 A% Fig7(a) 9 W£T BAFL Holy
TAEL ZAFHAR, SHFNRY TR 9
A F7to) me} LopFE & & U o]
A M= SHIFNDRE 252 §832 F99
oG] E HEgFr) anEc 2o
AN oste] HFo| 77 A AFe HEgE #H
Asted FAHg o] wrolx] fgHor Y3 Fo)
dEVETEEY He TS 53k B2y B
Ao A& HolxA "ok Fig8(a)e olEAMaS
He ASEYNE gddslolny d2uFPF o
AEEEAE B34 veigd 89279 g9

Journal of KWS, Vol. 12, No.4, Dec, 1994



G E BEe AT S5 29 d7(1) 135

60 -

e . "
; U -
g i, -
© -t
§ . ‘ £ is0f N
1 —-— g ——
g s E 20 s
g e g
"‘- -3601
PO P S 2 PR R A A N A s T 15 535 335 445 555 665 775 b
Weki cycle Wald cycie
(a) (a)
Upper electrode for SGACC : 6mm Upper electrode for SGACC | 6mm
Lower electrode for Al alloy : 6mm Lower electrode for Al alloy : 6mm
Force=330kgf, Current=16.3kA Force=330kgf, Current=16.3kA
———— T 80 ——
1 o A P Eé 3: _\." 1
E e § —— 5 —
2 G I .
g oo i,_ _g 120] :_
B 5 E 2e0 5
Q = 2
i 2 -
s 1 %5 7 a5 3 33 4 43 3 48 & es 7 73 s A0 s T 75 2 253 a5 4 45 L S5 6 65 7 75 @
Weid cycle Waeld cycle
) o)
Upper electrode for SGACC  6mm Upper electrode for SGACC : 6mm
Lower electrode for Al alloy . 8mm Lower electrode for Al alloy - 8mm
Force =330kgf, Current=16.3kA Force =330kgf, Current=16.3kA
- 60
- . ’1_‘_ i o —— M l._
§ gl -
g . 2 é 220! 3
g 5
g - § -1801
] E 200 \
Qe ™
i § o \
14 w 3804
W3 1 1% 3 9% 5 3% 4 42 3 a2 & 68 7 73 % A s T 1E 5 253 35 4 45 5 55 6 85 7 75 L
Weld cycle Woeld cycie
(~) (C)
Upper electrode for SGACC : 6mm Upper electrode for SGACC : 6mm
Lower electrode for Al alloy : 12mm Lower electrode for Al alloy : 12mm
Force=330kgf, Current=20kA Force=330kgf, Current=20kA
Weldment Thickness : Al alloy=1.0mm, SGACC=0.8mm Weldment Thickness : Al alloy=1.0mm, SGACC=08mm
Fig.7 Dynamic resistance of dissimilar metals. Fig.8 Electrode movement of dissimilar metals.

KRB GE, F12E H4E 1994F 127 483



136

E719 B2 A3 AFo] YR AL of
AT FRAREY A "o A oty 5 gtk
Fig8(b)s} o] A9 Ao AAH AFvlEH
23 M3 gFHo] yolAL HFe YL o
H7) Mo dEEHFY £ BFHAA
Z79) HZo] NAAANE A4S AHAY FotE F
At Fig8lo)v 2Fuvda%9 A3Tipg 12
mmZ 3le] AFE F7HA THHAH AFIAEE
o]l 243 Aoy, AYPe Frlel) upet A
B2 A5 Fig8(h) ot v geAl 7ol o
< 503 F A2 FYPBALS 6L ZA JER
Fig.10(a) 2 #°] Bonding(F&) 2oz HUrh

5. SRR 2MER EX

Fig9(a)= ¢Fvedae £4A &85 5%
FHAE #93 Alzloloh A|HREHIA HAF Aol
AEYo] AZn HA Wgstd &4E A4S
Ehl ™, Figd(b)x &3 o3 99 H3g& &
%S AFoFEFTY Base Metalolth Figdlo)e
g5 FgREZo| &5 ot fAYLE]
AARFE do7|a Holafol 4% e ds do
F|B2 o] 79 Ud AALL AAEA Dend-
ritez 3 o] F4E AtZolot Figo(d) e &85
3e] Fdo] #EHAL. oled #E2 G¢FEvw
Hoo 7MLV 88 F YU £ LA E]
A s dovn g o FdAEN TS
HAE Ao HIHI 9l w3 £§5 S1A
FE Wzl ot £EF3FHA FAY T §§o
dojgd o) BA 2=+ s xi BA9) W7
F7F 4& F5317] Wi Ed Aol e 27)d 2
278 (Thermal Gradient)”} A3l %7
(Thermal Shock) ol 213 12 go] FA LA},
olHF I L 7|FL EHEY IF E I AxY
Ak}t AFoly FHo) o A=) FJFE
vXog dFuEEEe AgH &3 MNe &4
FR o|Fo #d % VFe HAL AV Y
3l AR S woFE oAt £3F 9
Zbo] g §g59 7#dS WA g 3
F71o AH/HE EuiFe FIHAA o At
Fig9(e)x 8§59 @43 o3td Wald =3l
HAZS A%< vehli 2129 Corona Bonding
()2 gl Ro2 #FFAY, o) dFe &

484

ERERE SRR TR

AN SH M BHA S 31 ¢b& Aoy
EdMYE std A43h(ALOy) ol AAEY] w o
—

t5kv . 945kx P94

(c) Nugget, 460X.

Journal of KWS, Vol. 12, No4, Dec, 1994



e S
" AT PAS LU
5«,‘ o ’7“‘:" %"j" hj&’

g™y

P e Wi el B
S AL W,

RS

0O Ka

T Nl
Al Ka

W oAl

(e) Interface between HAZ(left) and nugget (right),
and EDAX spectrum across the interface, 250X.

HAZS $8%9 89 242 2A87) st

HAZl A €§%= Line Scandtd o3 EDAX
AHEYL Aot dFulE b8 BEE HAE

o} Figo(De 9988 4 & ¢Fv e
Base Metal® HAZS] 2 A% e lr}. Base
Metal® HAZE 7}£3# Line Scandted T3
EDAX ¥ Eg e sgtzAuss vepla .

KERREBEE, F126 F455, 194F 128

I\AMMAMAA AAL\ AN AM M4
1 2
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Fig.9 Photomicrographs of cross section of spot welded
Al alloy.
Electrode force=300kgf, Weld current=32kA
Weld cycle=8 cycle, Electrode tip diameter=6mm
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2

(d) EDAX spectrums across the interface between
SGACC(left) and Al alloy(right), 500X.
Fig.10 Photomicrographs of cross section of spot weld joining Al alloy to SGACC.
Electrode force=330kgf, Weld current=19.6kA, Weld cycle=8 cycle
Upper electrode tip diameter for SGACC=6mm
Lower electrode tip diameter for Al-alloy=12mm

(c) Interface between nugget(top) and base metal
(bottom) in Al alloy, 500X.
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