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ABSTRACT

TIG assisted FSW 310|E2|E E&HS 0|28t

OIZ M (SS400/AZ318) EF R AFSE =L L 24

Yong—-Seon Eum

Advisor : Prof. Bang, Han-sur, Ph.D.
Department of Naval Architecture and
Ocean Engineering,

Graduate School of Chosun University

Recently, the light weight is required to meet the environmental
regulation due to atmospheric pollution, global warming and resource
depletion in the world. Therefore, it can be expected that dissimilar joints
of Mg alloy and steel is needed for application in the various industry field.
However, fusion welding in dissimilar joint of Mg alloy and steel have
several problems, such as, deformation, residual stress, solidification
cracking and porosity. Also it is difficult to obtain the acceptable
mechanical strength because intermetallic compound can be produced.

Friction Stir Welding (FSW) is a new solid state joining process which is
developed by The Welding Institute of the United Kingdom (TWI) in 1981.
However, FSW welded joint of Mg alloy and steel can not obtain the
acceptable strength due to high difference in melting point and material flow
between the Mg alloy and steel. To solve this problem, GTAW assisted Friction
Stir Welding method developed (TIG assisted FSW system) exhibited more than
80% the tensile strength of the parent metal (Mg alloy) with increase in ductility.
Therefore, in this study, numerical analysis and corrosion characteristics
of dissimilar joints of AZ31B and SS400 were evaluated to verify the

reliability by developed TIG assisted FSW system

- VIl -
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Chapter 3

Table 3.1 Chemical composition and Mechanical property of AZ31B
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Material Chemical composition (wt%)
Al Fe Si Cr Mg Ti Cu Mn Zn
3.0 - 0.005 - bal - 0.05 0.2 1.0
Mechanical properties
AZ318B Yield ) Tensile . . .
Elongation Heat condition Density Meltiong
Stress (%) Stress Coff.(mm/m®) (a/cc) Point
% off. oi
(MPa) (MPa) ¢
220 15 260 1.74 650
—_ 21 —_




Table 3.2 Chemical composition and Mechanical property of SS400
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Material Chemical composition (wt%)
C Si Mn P S Ni Cr Mo JIE
0.16 0.32 1.63 0.008 | 0.013 0.03 0.04 - -
Mechanical properties
584001 yiglg , Tensile - ‘ ,
Elongation Heat condition Density Meltiong
Stress (%) Stress f( /o) (a/cc) Point
% coff.(mm/m cc oin
(MPa) (MPa) ¢
312 37 450 0.012 7.85 1,473
—_ 22 —_
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Fig 3.2 Setup for TIG assisted hybrid FSW welding process
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Fig 3.3 Configuration of specimen and tool position
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Fig 3.4 Detail of tool shape
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Table 3.5 Welding condition for TIG assisted FSW welding

Welding Method Values

Current(A) 50

TIG Shuelding Gas(£/min) Ar 13

Angle(°) 60

Rotation Speed(RPM) 300~500

Travel Speed(mm/sec) 0.6~1.4

Shoulder Size(mm) 18
FSW
Probe Depth(mm) 1.6
Room Temperature(°C) 20
Tilt Anlgle(°®) 3
TIG-FSW Distance(mm) 25

FSwW

|
/ Welding Speed
W =1 mnised

{mm

TIG leading

Fig 3.5 Schematic of TIG assisted FSW welding process
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Fig 3.6 Specimen dimensions for tensile test
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Fig 3.7 Optical Microscope
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Fig 3.9 Temperature measurement point in welds by thermo—couple
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Fig 3.11 X-Ray Residual stress Measurement machine

AZMB 55400

Weld line
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Fig 3.12 Residual stress measurement point of welds
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(a) Tool volume

(b) Heat input volume around the tool
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Fig 4.1 FE model for heat conduction analysis
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Chapter 5

20 2 D
5.1 TIG assisted FSW & & 82 oI&¥ULT E4

Table 5.12 TIG assisted FSW & & S22
OICH. CHEE AZ31B2F SS400°| & &HAHIS0A
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Fig 5.1 Stress-—strain
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Table 5.1 TIG assisted FSW condition of dissimilar materials
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Rotatin Travel Rotation Ovell | Tensle TG TIG pulsed Shield | Torch | FSW-TIG
Ne. Meteria Speed(rpgm) Speed(mm/sec) | Direction Time | Strengtn Current(A) CurrSnt(AJ Gas | Angle | Dstance
(sec) | (Mpa) Som) | () (mm)
1| AZ31B-Steel 300 0.6 cew B 191.4 50 50 13 80 25
2 | AZ31B-Steel 300 0.8 cow § 223.0 50 50 13 g0 2h
3 | AZ31B-Steel 300 1.0 cow B 180.4 50 50 13 80 25
4 | AZ31B-Steel 300 12 cew B 177.2 50 50 13 80 25
5 | AZ31B-5teel 400 0.6 cow § 165.0 50 50 13 g0 2h
B | AZ31B-Steel 400 0.8 cew B 180.0 50 50 13 80 25
7 | AZ31B-Steel 400 1.0 cow 5 184.7 50 50 13 g0 2h
8 | AZ31B-Steel 400 12 cow B 187.8 50 50 13 80 25
9 | AZ31B-Steel 400 14 cew B 7.7 50 50 13 80 25
10 | AZ31B-Steel 500 1.0 cow § 178.4 50 50 13 g0 2h
11 | AZ31B-Steel 500 12 cow B 175.2 50 50 13 80 25
12 | AZ31B-Steel 500 14 cew B 160.6 50 50 13 80 25
Table 5.2 Tensile strength of dissimilar materials
Aotati Travel Tensile fractured
oration SDeed Bead appearance ensiie tracture T.S[MDa)
Speed(rpm) surface
(mm/sec)
T v
200 0.8 r i s b E 223
; e
— 42 —




5.2 TIG assisted FSW &
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Fig 5.3 Temperature distribution of TIG assisted FSW welds

Table 5.3 Maximum temperature of measured position

No. Measured Position Maximum Temperature
1 10mm (10mm, 75mm) 335.9°C
2 30mm (30mm, 75mm) 116.6°C
3 50mm (50mm, 75mm) 71.1°C
4 70mm (70mm, 75mm) 47.7°C
5 13mm (13mm, 75mm) 265°C
6 20mm (20mm, 75mm) 170.1°C
7 40mm (40mm, 75mm) 80.9°C
8 60mm (60mm, 75mm) 51.4°C
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Fig 5.4 Galvanic current density and mixed potential curves of Fe and Mg
specimens in deaerated 3% NaCl solution at room temperature
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Fig 5.5 Galvanic current density and mixed potential curves of welded Fe and
welded Mg specimens in deaerated 3% NaCl solution at room temperature
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Fig 5.10 Temperature distribution of TIG assisted FSW

(a) SS400 (b) AZ31B
Fig 5.11 Temperature contour plot of SS400 and AZ31B
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