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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? (%)
1.0 T4 14.1 25.7 28.2
2.2 WEH*

Qe EHed ALY BHAS ZAMEIIYE
|- AF = 20,0004 36,000A7HA 2,000A% -7}
AFIEA Aty S AP AH S 4oz F
RS F UA"Y £-HFAH5(Welding Process
Parameter)?] AR AFENszE hE
Zu) st oz =Hgch FAGL Ohmel HAE
(V=R 93 &£H=F A5 4ol dge 4

KEEEBEE, F128 B4, 19945 125

129

Axte gAHAARE UYHEo 2N 78 F Ut 4
Az 2HHge &AL Voltage Pick-UpBAHE ©]
23t sy on, EHHFE AT T 4
¥ Toroid Coildl #HF FEHE FE71HYE 9
435t o2 ZAAY A9 2o) SAHHE
HAA9t £ HHAFE Miyachiite] MM326B Weld
CheckerZ %3l Half Cycle@ ¥ 2 Y83+ Trigger
Pulse2l 3 & 7#3le] Sampling® Datag 486PCE
28 adwern) AFEelAze &AL Fig2dlA
¥ Eddy Current E#E o838 Gap Sensorg
L4719 A=At Gap Sensorol A W}-& Eddy Cur-
rentE Amplifier® %3t 0~2mm FHIA A
FHog Walsle DC Agoz st AD H
715 %7]AA Half Cycle @99 HAE A3}
act

486 BASED
COMPUTER

A/D
{ CONVERTER

WELDER

LOW-PASS
FILTER

NUGGETA

DC~BIAS
AMP _CIRCUI

-1 SENSOR
GAP SENSOR
AMPLIFIER

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(a) Comparison of electrode movement for Al alloy
and SGACC.

e HAZo gL Yol AR Zaa g
o] dojuin} HFo] N2 JY AT, ofd=F R
#o| A% fH TR AFReNE ] HHe
sgat A o) oA R EHFT S
L4 FwRo M P H =G} dF e
olAd = FARET Ao B4l FFIA L8
F9 9] LA 2§ FE5x o] A U
Ag e QWP o ARz FrtEARG
L85 i 2 ol g7 AFFE YN A
1371 6% 2A vehdth AA £H3F PN 9
(Disturbance) 2] A2 SN T 4= v FHAYY
W AI7iqtE e WE Ao vy, ¥ Abs,
LHES] B7Yd, EFAA(Shunt Effect) 52 &
He LHgRZ FEE FHEAFY HEL o7 A7
£HAL AsA 7Y FLZHANN BEAYT &8
27 A9 o] 3F e Jge AFEALS
o] B3 Wslo} HlgEng o]8 2PN
Ze A4S PR s 2UEY § F g

Fig6(b)e Fd 43 M HFE F7HA91H
A G2 FFTe AIEMNEY, o] ¥
A 3 CycleZhA & AlAH A|HALol9] FRHE7]7}
go| P ol AslHeE 1o, £857] A
A7A AZo] 7|EHEG Yol 3 o] Figd(a) o
FZHIO 32t ol F REH £§o] dojud

KEIEEEEE, HI2E $43, 19945F 127

&

e —
ol 1
: ——
¥ o 2
° b ot
_E 3
1201
——
¥ 4
1804
—
: :
3 240+ A
8
§ 00
w
.m-
420 ey gy
05115225335 445555868657758

Weid cycle

Weldment Thickness=1.0mm, Force=250kgf
1 2 3 4 5 6
Current(kA) [ 22 24 26 30 32 H

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.
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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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