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Electric Resistance Surface Friction Spot Welding Process of
AZ31 Mg Alloy Sheets by Using Rotating Dies
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Abstract

Magnesium material could be widely used in the automotive industry because of its high strength to weight ratio, but the
electric resistance spot welding process of magnesium sheets is difficult because of its low electric resistance and high
thermal conduction and thermal expansion. For this reason, an electric resistance surface friction spot welding process
using rotating dies is suggested for the spot welding of magnesium metal sheets. This welding method can be characterized
by three heating methods: (1) electric resistance heating on contacted surface, (2) surface friction heating by rotating dies,
and (3) thermal conduction heating from heated steel electrodes, for the fusion of metal at the interfacial zone between the
two magnesium sheets. This welding process also has variables to explore, such as welding currents, diameters of the steel
electrode, and rotating dies. It was found that the welding strength could reach industrial requirements by applying a
welding current of 11.0kA, with steel electrodes of 12mm diameter, with rotating dies of 4.4 mm diameter, under the
condition of a revolution speed of 1200rpm of rotating dies, for the surface friction spot welding process of AZ31
magnesium alloy sheets of 1.4mm thickness.

Key Words : Surface friction, Spot welding, Rotating dies, Steel electrode, Magnesium sheets, Shearing load, Electric
resistance.
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Fig. 1 Process step of electric resistance surface friction
spot welding process: (a) overlapping sheets, (b)

pressing and rotating of dies, (c) applying and
heating of current, (d) welding of sheets[10]
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Table 1 Characteristics of the specimens

Mg | Al Si | Cu |Other
96.3 |3.0 0.05 |0.05 | 0.06
Thickness Height length

12 120

14 100

Ultimate strength 262 MPa

Yield strength 202 MPa
Modulus of elasticity 45 GPa
596 C

Zn | Mn
0.7 0.2
Width
30
30

Component
(wt%)

Size (mm)

Melting point

U}Zﬂl # dAe] T

1.2mm ¥ 1.4mm 9
Fol FAe ds] ~EEFH

g s,

Table 2 Major factor of welding variables

The level of

Factor .
variables

Welding variables

Diameter of steel electrode (D mm) 10

1.2

IThickness of magnesium sheets(T mm)

Pressing zone

of electrode Friction zone

Pressing zone
of electrode

Back surface

Fig. 4 The shape of surface of spot welded sheets

Front surface
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Table 3 Results of peel test of spot welded sheets

Outer diameter of the electrode tip (D)
Current(kA) 10rT1m l - 12mm
Thickness of magnesium (T )
1.2mm 1.4mm 1.2mm 1.4mm
5 N.W
6 W.wW N.W
7 W.W W.W N.W
8 S.wW S.w W.wW N.W
9 S.W S.W W.W W.W
10 F.E F.E S.w S.w
11 S.W S.W
12 F.E F.E
F.E : Fusion Explosion W.W : Weak Weld
S.W : Strong Welding N.W : Non-Welded
4. AXEH 4840 A 1#

Non-welded at
interfacial gone: N.W

Fig. 6 Four types of peel test results based on nugget size
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Thickness M 5
T=1.2mm Fioat Back 5 ag‘l:el::'um-l Magnesium- Nugget shape Welded section Shearing load
Electrode £ A HOBEEL RS nugget by and size by Metallurgical | by tensile test

. surface surface test 5 s 2
diameter Py tensile test (mm) Microscope ™)
D=10mm

6kA 1445

TkA 1635

SkA 1919

9kA 2432

Fig. 7 Appearances of surface and welded section after tensile and peel test in the case of T=1.2mm, D=10mm

Thickness M .
T=1.4mm Front i - agl:e;n}xm-l Magnesium- Nugget shape Welded section Shearing load
Electrode l‘zn ‘afc nugget : REE nugget by and size by Metallurgical | by tensile test
diameter b b o (l::!l) tensile test (mm) Microscope o™
D=10mm

A 1770

8kA 2453

9kA 2602

Fig. 8 Appearances of surface and welded section after tensile and peel test in the case of T=1.4mm, D=10mm
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Thickness M .
T=1.2mm Frioiit Back Y agl:eljium-l Magnesium- Nugget shape Welded section Shearing load
Electrode TN a8 AREECHRNPCS nugget by and size by Metallurgical | by tensile test
2 surface surface test % N
diameter tensile test (mm) Microscope )
(mm)
D=12mm
SkA 1889
9kA 2242
10kA 2583
11kA 2930

Fig. 9 Appearances of surface and welded section after tensile and peel test in the case of T=1.2mm, D=12mm

Thickness M "
T=1.4mm Froist Back o afl:e;lvum—l Magnesium- Nugget shape Welded section Shearing load
Electrode o HE nngget by pec nugget by and size by Metallurgical | by tensile test
§ surface surface test ¢ % -
diameter tensile test (mm) Microscope ™)
(mm)
D=12mm
9kA 2332
10kA 2758
11kA 2985
*

Fig. 10 Appearances of surface and welded section after tensile and peel test in the case of T=1.4mm, D=12mm
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Fig. 13 Shearing load related to the current in case of Outer diameter of the electrode tip(D)
T=1.4mm, D=10mm - iggrlr\ll 12 mm
3500- = — Thickness T=1.4mm 7 1634 N
Electrode diameter D=12mm 8 1919 N 1889 N
] . . 9 2431N 2242 N
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Welding current (kA)
Fig. 15 Shearing load related to area of electrodes
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Table 5 Shearing load related to the thickness of magnesium

Outer diameter of the electrode tip(D)
10mm
Current(kA - -
(kA) Thickness of magnesium sheets (T)
1.2mm 1.4Amm
6 1445 N
7 1634 N 1769 N
8 1919 N 2453 N
9 2431 N 2602 N
3500, —®— T=1.2mmD=10mm
®—T=1.4mm D=10mm
KS B 0850 P_=1.6kN (t=1.2mm)
30001 ksBosso P_=1.9kN (t=1.4mm) - _—u
= 25001 e
g 2000 A
i - —* P_=1.9kN (t=1.4mm)
£ 1500 o— P,=1.8kN (t=1.2mm)
[0
£ 1000
w
500 A
0

' SkA I TPI(A ‘ SkA ' QkA ‘1Di(A ' 11;(AI
Welding current (kA)
Fig. 16 Shearing load related to thickness of magnesium
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Table 6 Results of tensile strength test of spot welded sheets

Outer diameter of the electrode tip (D)
Current 10mm | 12mm
(kA) Thickness of magnesium sheets (T)

1.2mm 1.4mm 1.2mm 1.4mm
6 1445 N
7 1634 N 1769 N
8 1919 N 2453 N 1889 N
9 2431 N 2602 N 2242 N 2331 N
10 2582 N 2757 N
11 2930 N 2984 N
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