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Mechanical properties and corrosion behavior of
dissimilar friction stir spot welding joints of AZ31
magnesium alloy and SGC340 steel sheet
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Figure 1-4 Process of Resistance spot welding [3]
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Figure 2-1 Cluth housing and transmission case inside body made of magnesium
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Figure 2-4 Schematic illustrations of friction stir point bonding [4]

"™ Tool rotation
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Axial plastic flow -~
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Figure 2-5 Schematic of illustrations of FSSW joint and plastic flow [5]
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All dimensions are in mm

Figure 2-6 FSSW tool pin profiles [18]
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Table 3-1 AZ31 of commercial composition manufactured by Unist

Al Zn Mn Fe Si Mg

AZ31-1 3.39 1.09 0.307 0.0032 0.0121 95.1
AZ31-2 3.35 1.04 0.306 0.0031 0.0109 95.2
AZ31-3 3.33 1.02 0.314 0.0031 0.0163 95.3
AZ31-4 3.32 1.05 0.304 0.0032 0.0265 95.2
AZ31-5 3.26 1.05 0.314 0.0032 0.0232 95.5
AZ31-6 331 1.02 0.307 0.0031 0.0167 95.3
AZ31-7 3.39 1.04 0.315 0.0033 0.0167 95.2
AZ31-8 2.96 1.04 0.319 0.0030 0.0156 95.6
Az31E}Z 3 1 0.3 - - Bal.

Figure 3-1 Rolled AZ31 of commercial composition manufactured by Unist
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Figure 3-2 RM-1 FSSW machine made by Manufacturing Technology Inc.
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Figure 3-3 Shape of tool used in this study
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Figure 3-4 Dimensional schematic of the tools used in this study
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Figure 3-5 Single-lap Shear Test Specification of FSSW
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- Plunge depth 0.7mm

B(HAZ) - ¢(s2)

—T—

- Plunge depth 0.9mm

B(HAZ) C(8Z)

Figure 4-1 upper sheet panorama and microstructure of FSSW sample joints with plunge
depth of 0.7 mm, 0.8 mm, and 0.9 mm
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- Plunge depth 0.7mm

Figure 4-2 lower sheet panorama and microstructure of FSSW sample joints with plunge

depth of 0.7 mm, 0.8 mm, and 0.9 mm
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W =354 pn
T=355m

Figure 4-3 Microstructure of hook in FSSW joints of plunge depth 0.7 mm, 0.8 mm, 0.9 mm
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0.7mm

SGC340

0.8mm

Figure 4-4 Low and high magnification SEM images of the upper and lower sheet interfaces
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Figure 4-5 SEM Panorama image of FSSW joint cross section
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Figure 4-6 SEM-EDS lines and mapping of plunge depths of 0.7 mm, 0.8 mm, and 0.9 mm in
the region (a) of Figure 4-5
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(b) 0.7mm
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Figure 4-7 SEM-EDS lines and mapping of plunge depths of 0.7 mm, 0.8 mm, and 0.9 mm in
the region (b) of Figure 4-5
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(c) 0.7mm
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Figure 4-8 SEM-EDS and mapping of plunge depths of 0.7 mm, 0.8 mm, and 0.9 mm in the
region (c) of Figure 4-5
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Figure 4-9 Vickers hardness bar graph of the base material and heat-affected zone with

plunge depths of 0.7 mm, 0.8 mm, and 0.9 mm of the upper sheet
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Figure 4-10 Vickers hardness line distribution of the base material and heat-affected zone

with plunge depths of 0.7 mm, 0.8 mm, and 0.9 mm of the lower sheet
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- Load-displacement curve
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Figure 4-11 Load-displacement curve by plunge depth

Figure 4-12 Fracture surface OM panorama with plunge depth of 0.7mm, 0.8mm, 0.9mm

after tensile shear test
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Figure 4-14 Potentiodynamic polarization curve of zinc and steel in the lower sheet
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Figure 4-17 Comparison of weight loss rates before and after salt spray test

44



7
Bl

—t

ud
ol
pal
{oF
.@
ot
il d

<
ga

{oF

Bl

Figure 4-150] &+ &% A

=<
][

Aw

s

o0

jol

f

Ot =551

=
—

F

xS

=
—

Ol= ot& EXHQ SGC3400]

Of afotA Z 4oLt

Al
~

=
e

ofl A

o8 el AZ31 Orb|

%

Ct.

45



0.7mm

0.8mm

0.9mm

Figure 4-18 Optical microscope image of joint cross section after salt spray test

46



&
E

—_

Jo!

A

o
<0

hook2| ¥

m]
5 9

2 o4z

#O[of ot

=

ALO|
=

7ol

Ho

ol
&
Tl

jol

(e:]
PN
[—

L2

]
olxtat
=

=

=

F

—

-
()

=
b= EHA el g

O] A
OJX|

-

= i X0
o

—

—

=

iy
TERH 2F

o
[s}

2]
=
T

o

lojof| 2 SAEEO| AL 0| H]
hook
S4Eo A
hook2| =0[7} 7I& %2 0.7mm
AF

2H A=

=
~
=

—

—

B3O Og|10 E:

Of

Eo
A A

o

=

0.8mm, 0.9mm, 0.7mm =

ofof

I'-f
%!
A0l M

—

hook?2|
=]

ol
=
[

L

b 315t (Intermetallic Compound, IMC)2| *440| |

7
()

Ct. EMH O 2 hookl| £0[E &F TS| FHZ Li& 2Ol

Zzo| A4 ZIH7t 00|8HH hookl)

(o]
PN
b

OfTICt i M UACH22). SHX|

oFa Y|

A
T
Lt
=
FEol 2si AHOM %
PSke)

—
—

t

Ct. Figure 4-30X ZEYX hook2| =0
0.9mm, 0.7mm, 0.8mm =AMZ HACt 2z2[ 2l
0.7mm, 0.8mm =AMZE ULt O]

2 X|FE[o{ZCt SHX|TH 2 AR A A2 E IO

=
=
7
(=)
0l

b AtO|o| Of

zu

2 RZEC) MR oA EE

A=l

=
=

o
100
B0

ol

o
o

=7 §5E Aol

joI
pal
OF
R0

-

Joll

~
Klo

7FSkA| =t mEkA

=

=)

ot Tyl Fml7t

47



oM Z&F HpEHol

=

=

0.9mm2} 0.7mme| 4L {1t

7tst o]

=

[s)

2H T

I, 0.8mmOME 2F0
4 ©

, Z0|

o

il

¥

=IOt A& AO|Ct SHX|TF Figure 5-10Af LIEFH Zd0F ZO[ QIZF Al

hookl| HAE T

U2
H

o
mr
olo

.

KIr
o0

keyholeg 7|E2E

=
[

0| &2 09mm2}t 0.7mm

=
S

@

i
nal

K

-

ol

0|7} &2 0.8mm

==
IT

Z0| &1

¥

0
[

IN

o}
XA

b

=]
[t

olo

KIr

48

2 A= &



g/,
7
x,\ 4

fter tensile shear test

on a

int cross secti

joi

f

ICroscope images O

Figure 5-1 Optical m

49



Failure location

Figure 5-2 Schematic diagram of failure at FSSW joints.
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Figure 5-3 Schematic diagram of FSSW joint cross section
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g2 29

In the automobile industry, interest in magnesium alloy, a lightweight metal, is increasing
to protect the environment and improve fuel efficiency, but it is not applied to various
fields due to its poor corrosion resistance, formability, and weldability compared to
competing materials, such as plastic, aluminium alloy, etc. In particular, heterogeneous
bonding with existing steel materials is an essential technology to expand the scope of
application of magnesium alloys, but research on this is insignificant.
In this study, AZ31 magnesium alloy and galvanized steel plate (SGC340) were
heterogeneously bonded using a self-piercing riveting (SPR) process, and the mechanical
characteristics and corrosion behavior of the joints were evaluated according to the type
of rivet and pressing force to derive optimal bonding conditions. The mechanical
characteristics measured the bonding strength of self-piercing rivet joints through a shear
tensile test and interpreted the changes in bonding strength depending on the length of
the junction interlock in relation to the fracture behavior of the joints. In the case of
corrosion characteristics, a salt spray test and an immersion test were performed, and the
galvanic corrosion behavior of the joints according to the bonding conditions was
compared and analyzed. In addition, the values of E., and I, of AZ31 magnesium alloy
plate, galvanized steel plate, and Rivet were quantified by conducting an open circuit

potential and a Potentiodynamic polarization test for each bonding material.
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