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Resistance Spot Welaability of Coated Steels for Automobile Applications
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Abstract Resistance spot weldability of coated steels for automobile applications was investigated. Test
samples were prepared from commercial products of 0.8 mm in thickness. Based on the tensile-shear test,
surface quality examination and cracking behavior, it was clear that aluminized steels showed good weldability.
Microstructural inspection revealed that the coated materials was piled up at the split zone in the welding of
aluminized steels. It was also demonstrated that no weld crack was found in the aluminized steel weld metal
even the welding was carried out with higher current. However, through thickness cracks were detected at the
weld metal of zinc coated steel. Small particles were found on the crack surface of zinc coated steel weld metal.
It was thought that zinc vapor played key role to form the weld crack.
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Table 1. Chemical compositions and mechanical properties of base metals

. Coating TS YS EL
¢ Si Mn P S @md) SV MPy)  MPa) (%)
A 0.0047 0.0034 0.064 0.006 0.0078 Al-Si: 40 0.016 294 185 40
B 0.0033 0.0061 0.073 0.012 0.0103 Al-Si: 80 0.016 305 199 39
C 0.0031 0.0058 0.066 0.011 0.0098 Al-Si: 110 0.015 289 189 39
D 0.0031 0.0066 0.073 0.012 0.0101 Al-Si: 130 0.016 291 179 39
E 0.0186 0.0059 0.24 0.011 0.0104 Al-Si: 60 0.060 407 313 23
F 0.0086 - 0.12 0.007 0.0083 Zn: 90 0.029 271 163 46
Table 2. Welding conditions BHL 0 ym'2E FAZ A of WY 14.7 ymel
Parameters Test conditions . Fig. 1(a)°ﬂ7\1 g5l Ao Mol 3o
Welding current A =3Foln 1 o) 22 ¥ o7t WY we ¥
Electrode force > ASKN %ol £483 AlFo] TS olF Fgolth. FEZ
Welding time 15 oycle BEFAE £ A7l A4E ZANA Al EFFH B
Cooling water flow rate 8 [/min ALl 3~5 um HAST. ol2id Ashs APM AMS
Welding electrode Cu-1%Cr, 6 mm in diameter 2 A7 Type-l Al=F7o| 7] wji-o]th? Fig. 1(b)
= o] &9 9HE £4% AA2A TFHHNA &
A o " Al Si E Fed FEEIE HoAFE
3. &y % nFE Aolth 39 Fig. 1(a)olM £3F%3 LAH Atole] A
< oe AEHY PR FPE dPoE =55
Fig. 12 Algell AREE 789 shil AldA B B ¢ "Ejgke #A7) i ZolH Fg. 1(bE 7122 &
AeH EFEAS Jeld Aotk A18A) BY EX & o AEEHC2RE < 15 um(26.642 mm $IX)Eol
Fe-Al 3%l st
£ AN ASE ANEEY HAPEH 271L Fig. 2
oA AlAEe] glom, HEAFAFolA Fejavt 9
@l Fejavd 2 AdIAAE AFGS FA ¢
Zote FYEAE R E HR ke
F=3 29t s AR Pen? A9 2
oA & F A%l AIEFHA~E)Y] ez |
A= ZnAl TEAEF) B 55 ooz 3¢S &
4 Aot AlgA BoF Fol shdto] AAIE @A M2 3
. T AR} AN AEE o838t A3 8 F
plug
s W plug+strength
100 ¥ ] ¥ [ 1 (c:”m)
o (b) - ey AF A
jre)
s Al \‘} { Fe ) Bk IR
= b — Ref. 8 | ]
£ . . o
b i % Cr T
N : -
> LI 3
T - Si | . F ot I
2 1Y
‘ - ]
g 20 }} } /\ “ E
/J’ L / \ FE I
o - -‘,\ ‘ : : Ref.3 C_—_—1
26,630 26.650 26,670 4 1 : 1
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Distance (mm) Welding current (kA)
Fig. 1. Analytical results of coated layer(steel B). (a) SEM

micrograph (b) line analysis results

Fig. 2. Acceptable welding range.
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Fig. 3. Nugget diameter change with welding current.
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Fig. 4. Indentation depth as a function of welding current.
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Fig. 5. Analytical results of test point A (a) and B (b) in SEM
image (steel A).
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Fig. 7. Surface appearance of coated steel spot welds. (a) steel
D, welding current: 12 kA (b) steel F, welding current: 10 kA.
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Fig. 9. Appearance of fractured weld showing through-
thickness crack surface (steel F).



Fig. 10. SEM fractographs of crack surface shown in Fig. 9.
(a) test position B (b) test position C
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Fig. 12. SEM image and Auger analysis results of particle A
on the crack surface of steel F. (a) surface image (b) analysis
of as received specimen (c) analysis of 20 nm sputter cleaned
specimen
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Fig. 11. SEM image(a) and analytical result of Zn(b) and Cu(c) of test point A in Fig. 10.
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Fig. 13. Analytical results of a dispersed particle in SEM
image.
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