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Resistance Spot Welding of Mild Steel to Al-Mg Alloy*

by WATANABE Takehiko**, DOI Yuuhei***, YANAGISAWA Atsushi** and KONUMA Shizuyo**

We tried to join steel to Al-Mg alloy using a resistance spot welding method. The effect of Mg in Al-Mg alloy on the strength and the interfacial

microstructure of the joint was investigated. Additionally, the effect of an insert metal of commercially pure aluminum, which was put into the
bonding interface, on the joint strength was investigated. The following results were obtained.

The cross tensile strength of a joint between SS400 steel and commercially pure aluminum (SS400/Al) was high and fracture occurred in
the aluminum base metal. However, the strength of a joint between SS400 and Al-Mg aluminum alloy was remarkably low and less than 30% of
that of the SS400/Al joint. An intermetallic compound layer developed so thickly at the bonded interface of the SS400/A1-Mg alloy joint that the
joint strength decreased. The intermetallic compound layer developed more thickly as Mg content in the Al-Mg alloy increased. Using an insert
metal of commercially pure aluminum containing little Mg successfully improved the strength of the SS400/Al-Mg alloy joint and the strength

was equivalent to that of the base metal.
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2. HEMBLURRAE

PERAMITKRO L 5 TH . SBIIHRIE 0.8mm DT D
SS400 T, Al HIZHIRDOKE 1.5mm O LHEMAM Al
A1050-H24 (LI, A1050 &PES) EHUE 1.2mm O Al-Mg
B AM A5052-H24 (Al-2.84at%Mg, LAk, AS5052 &IFESY) X
L TV A5086-H24 (Al-4.54at%Mg, LLth, A5086 &IE5) % A
FOFEFEMO. SS400, A1050, A5052 33 LT A5086 D
BIAEHR X%, TN 375MPa, 106MPa, 250MPa 35 L OY
322MPa Th - 7= (GEHINE) . AR > MaEHRBR T ORI,
15 15mm X & & 50mm TH ¥, #ER O TS O
SHNE DT DO+F5 | BEFERTE B E A OB 5.5mm DX
NEEITTHD.

A HORELET, WTIHORBRA b 400 FOxZ A Y
—HUC K DWFE & L, B mIERBRA ORF S &
L7z, ARy MAEBIL, 50Hz OZHAR v MK E
TATV, eI N 40 CHESRE A2 2 Smm o CF M E R %
A L. BAINEIIL 1960N —E & L, WREERT
SkA~16kA ORI TEAL &, EBEFHEIX 2cycle~20cycle O [
TELSETz. R TIE, FTOBELES ORI EL
LCHTRIERBREZIT Y 2 &0, MR 2+ FIcER
GioHC SS400 & FICHLE L CIEEE Lz, MPoEAMS
I%, JISZ3137 (AR v FEHEETF OB IIRRBR L) ICHELL
7o H s ERER (519 : 1.0mm/min) %17 CHIE L, i
B EARETOBEmS L L.
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Fig. 1 Cross tensile load of joints of SS400/ A1050, SS400/A5052

and SS400/A5086

Fig. 2 [CEEAEE D~ 7 u'5E ((a), SS400/A1050 DF) &
T OYER B E % (b)~(d)IZ/RT. Al & SS400 & DEL R
HIZIZWTNOBAEIZE, [KEDO/E (IMC layer T/RT) 23
BEESND. AS052 & A5086 (28I BJEWK B DT &
FEMICHEIZET A L, (o) ITRT L DT F JE, F2AS JE, FA2
B ABBABIND. &8 DOMELD EDS Z#T#EH % Table 1
W27

Nugget

Thickness of IMC layer
©

A1050 SS400| A5052 SS400 | As5086
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SS400-A5086

SS400-A5052
(b) (© (@)

Fig. 2 Macrograph of bonded interface of SS400/A1050 joint in (a),

SS400-A1050

and micrographs of bonded interfaces of the joints in (b)~(d).
Photo (e) shows the layers at the interface of SS400/A5052.

Table 1 EDS analysis results at the layers of F, FA2, F2A5 and A

Materials Analyzed Fe Al Mg
point
F 92.04 7.92 0.04
FA2 41.27 | 58.55 0.18
A1050
F2A5 26.49 | 73.41 0.10
A 9.43 90.55 0.02
F 80.73 | 19.12 0.15
FA2 41.54 | 58.28 0.18
A5052
F2A5 27.24 | 72.46 0.30
A 8.17 89.64 2.19
F 89.14 | 10.30 0.56
FA2 43.09 | 56.80 0.1
A5086
F2A5 28.55 | 70.87 0.58
A 7.85 88.49 3.66
(at %)
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Fig. 3 Thickness of intermetallic compound at the interface and Mg

concentration at A layer of each joint.
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JE, Fe IREEL Al REOE{LER~D L, A EIIZET2
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L7228, AJEER O Mg IREE & & B ICHEA IR SN 54
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Fig. 4 Cross tensile load of joints of SS400/A5052 and SS400/A5086 vs.

thickness of insert metal of A1050
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Fig. 5 Macrograph around the interface of a SS400/A5052 joint made
with an insert metal of Imm thick A1050
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Fig. 6 Thickness of intermetallic compound at the bonded interface of
SS400/A5052 joint made using an insert metal different in thickness.
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Fig. 7 Intermetallic compound thickness at the bonded interface and Mg
concentration at A layer of joints of SS400/A5052 and SS/A5086
vs. thickness of insert metal of A1050.

INETRLTELRENGRDOZ EBX N2 5. SS400
& AlMg B@DOEIAR v MEHEICBWT, #EMEICE
RENDEBEULEWEICHE L CTEET D ALFEER (AB)
Ho Mg &%V E@RHEIEAYBARE L THFFORE
KT 5. 207, SS400 & Al-Mg &4 ORI Mg %



494 WFEFRL
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Fig. 8 Micrographs of IMC developed at the interface of joints after
heating are shown in (a)~(c). Changes in the thicknesss of IMC
and Mg concentration at A layer after heating are shown in (d).
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Table 2 Optimum welding conditions vs. insert metal thickness

Thickness of ) ) )
) Welding current Welding Time
insert metal
(kA) (cycle)
(mm)
0.1 10 3
0.3 10 3
0.5 11 3
0.8 11 3
1.0 11 3
1800 2
[ Cross tensile load |
1600 1.8
—e— Thick fIMC 1 i
1400 | 1ICKness o ayer 1.6 5-
Z f = Jr 7 pot
S 1200 | 145
< ~e_ 112 =
21000 T ° )
) 11 2
@ 800 [ &~
§ 1038 ;
~ 600 [ | 2
06 S
G 400 104 E
200 102
0 0
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Thickness of insert metal (mm)

Fig. 9  Cross tensile strength and intermetallic comound thickness of
a joint bonded under optimum welding conditions vs. thickness
of insert metal.
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AWFFE T, \EPLAR Y MNEBEZ#EA LT & AlMg
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2) SS400 & Al-Mg B4 O#E R imIZITe B L& Mg E
SHEL, ZOERSITAIGETDO Mg GHEONE &b
WML TEFOEARI BN T Lz,

3) Mg LA EER LARVWTEMM Al #2Z SS400 &
Al-Mg &AL THEAT 2 &, Al-Mg & &R Ok
Wid 2 miRE OMKFERE .
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