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ABSTRACT

Evaluation of the Weldability of Dissimilar Materials
(AZ31B/SS400) Butt Joints by TIG Assisted Friction Stir
Welding

Ju Yeon, Jeon

Advisor : Prof. Hee-Seon Bang Ph.D.
Department of Naval Architecture &
Ocean Engineering

Graduate School of Chosun University

Recently, regulations for the energy exhibition are globally reinforced and
industrial trends toward green growth are turned, so that lightweight in
materials for transportation such as vehicle and aircraft is the challenge faced
by everyone. In these circumstances, use of light weight alloys has rapidly
increased. In case of using structural materials in an actual product, two kinds
of material 1s required expecially weld joints. However, joining dissimilar
materials 1s extremely difficult or impossible with conventional Fusion Welding
processes.

This thesis presents the development of TIG assisted FSW by applying TIG
Preheating to harder material during FSW process. In order to develop Welding
techniques for Joining  Dissimilar Materials -  Magnesium  Alloys,
Mg-Al-Zn(Mn), which are widely used because of its superior Weldability and
Mild steel(C:0.12~0.3%5). Also, optimization of process variable of butt-welded
joints 1s described in this paper. In doing so, advantage of TIG assisted FSW
1s proved by optimizing process variable like rotation speed and welding speed
through mechanical experiments

Hence, transportation industries which use Magnesium Alloys to reduce
weight of materials will obtain quality improvement of products and productivity

growth by applying the welding technique.
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Table 2.1 Basic properties of Magnesium Alloys

vl 1] 5 #lvaluel vl 1] #klvalue]
A7 & Mg g HA[°Cl] 659
AR S 12 H] ™ [°C] 1103
A=} =F 24.32 o1 %7k = [Mpal 270
EZTENE
AARAF= 4§ F<4dlcal/gl 9
[HCP]
A% [g/cm™3][25°C] 1.738 A A =% (cgs)[0~100°C] 0.40
Table 2.2 Physical properties of magnesium alloys
Mgl[AZ31B] | Mgl[AZ91D] | Al[5454A1]1 | Fel[ A €A 7]
A5 [g/cm™3][25°C] 1.77 1.81 2.68 7.8
|5 H-[°C] 630 595 646 1530
Sl H[°C] 1090 1055 2467 2750
4= =[W/mkK]
96 72 134 51
[100~300°C]
A7) A = E=[IACS] 18.5% 10.5% 34% 4%
Table 2.3 Mechanical properties of magnesium alloys
Mgl[AZ31B] | Mgl[AZ91D] Al[5454A]] Fel[ A 27} ]
st 7} = ksi [Mpal 32[220] 33[230] 28[190] 25[170]
A&7 = ksi [Mpal 42[290] 45[310] 33[230] 40[270]
AXE[%] 15 16 12 40
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Rem.

37%

Elongation (%)

Total
0.15

Other
elements

Each
0.05

/n
0.009

Cr
0.18

450
_ 12 _

Tensile Stress (MPa)

Mg

Mn

Cu

312

Fe

0.128 | 0.263 | 0.015| 0.037 | 2.554
Yield Strength (MPa)

S1

Table 2.5 Chemical compositions of SS400
Table 2.6 Mechanical properties of SS400
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Inverter ELECON 500P TIG &%7 ]%— ALgstd . FSW Tool Al2=®3 TIG
Torchele] A% AEe X115 A#ste] A=stA ). Fig. 3.1 FSW %] <} |
P& el Aol Fig. 3.2+ TIG assisted FSW Hybrid processZ e Lt

FxA o] Fote M del AMEE AL 3= Mg-Al-Zn (Mn)Al
g SR o] 0.12%-0.3% A7l hE olF A HES 9% &4

4

1M ey sl TIG S FSW S8/ B9 stoluds g4e) A
Hiol wrjy] g0l & FAWS ALste] paf AEda ek

I ITEMS RANGE

TYPE GENTRYTYPE
X-axis 0.5~10 mm/sec
Welding Y-axis 0.5~10 mm/sec
Speed Z-axis 0.5~10 mm/sec
R-axis 1~20RPM
Rotation 300~3000RPM
LOAD Capacity Max. 3000Kgf

Fig. 3.1 FSW equipment and capacity
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Fig. 3.2 Set—up for TIG assisted FSW hybrid welding
2 AP ARE H o]FA 4 AEY AYE 200mm(L) x 100mm(W) x
3mm(T)olH, FA|Ho] W= REo W7ty At Ado] oA xH-S

Gz ARSA A F Butt typel = A gHahsith

Welding
Direction I

55400

K TIG Torch

S5400

Retre ' Advancing side

Fig. 3.3 Configuration of specimen and tool position-
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EUS wE7] 9a] Aluminum Titanium Nitride(AITIN) 8-S A A4

Fig. 34 A8 59 AL A#d 59 dA4S Yedth Tool probel
Smooth frustum typel. % 7}&3tH o HIA] Ao vj&S 9 2] &
53 Egunts ZZAAFE Shouldere] 2 7ZE& o] W= ks Zo)7)
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>,
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}
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Table 3.1 Tungsten carbide rod specifications and tool surface coating

Grain Density Hardness
Co(+0.5% Grade | WC(+0.5% )
(05%) (F05%) | Sipetum) | (g/an) | (HV30)
1296 WE20 88.0 0.6 14.15 1670
(a) Tungsten carbide rod specifications
A= el =y A AR | e
A A °© - NN =
Grade | 478 (Hv) A+ | A4 | s | =y ;
. o N AT, 24,
TiIN | &4 | 20002400 | 045 o o o s
(<=3
123 s
ZrN = 200072200 0.45 (@) A A FAE
CrN 2 ull 2 200072200 0.25 O @) O ZIAF-E, 59
AlTi B ~ AAFT, 59,
N 54 250072900 0.45 O @) O AN E
TiC 2 Al 300073500 0.01 A A @) R
=~
ALOs ; I 220074000 0.15 o ©) O e, 715
5] A~ - AAE T,
DLC 5 ) 180078000 0.10 O @) O Jsur =g

(b) Tool surface coating
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Fig. 3.4 Detail of tool shape
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Table 3.2 TIG welding condition

508
Width:1.3mm
Depth:imm

i =g BOA
Width-3mm
Depth:1.2mm

#\ TIG leading

WeldIng Speed

«

Welding Direction

eS8

-
-----------------------------------------------------------------------------------

Fig. 3.5 Schematic of TIG assisted FSW hybrid welding
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Table 3.3 Welding condition for TIG assisted FSW hybrid welding

Welding condition Values
Current(A) 50 ~ 80
TIG Shielding gas( ¢ /min) Ar 13
Torch angle 60°
Rotation speed(rpm) 300 ~ 500
Welding speed(mm/s) 08 ~ 2.0
Shoulder size(mm) D15
FSW
Pin size(mm) 5
Room temperature 20°
Tilt angle 3°

FSW-TIG Distance = 25mm

Leading condition = TIG leading

Dia. of electrode = 2.4mm
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Fig. 3.6 Tensile test machine and specimen dimensions for tensile

test
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Fig. 3.7 Vickers hardness test machine and measurement
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A5 Fotstr] fa JAEFHFe I FH(Cross  section)S & 1) 7 (Optical
microscope)©| &3l #HEsATE FsrAWH S wat7] 91 8l
2 ﬂiﬂ’\P(plcnc acid) 4.2g, Z*Hacetic acid)
o] 20sec FoF ol
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Fig. 3.8 Optical Microscope
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Al 4% 23 2
4.1 TR nE =" 54

4.1.1 ©&= TIG welding

Table 412 TIG @5 oA 8213 H= 42 UeEA AozA TIGE
A dEd AL = AR Aold BEA o]z Qs HIlo] EIS How A&

=
Hot

Table 4.1 Only TIG welding condition and bead profiles

' Input Travel TIG TIG pulsed Shield Torch
No| Material oint speed current(A) | Current(A) £as angle
P (mm/sec) ( ¢ /min) (°)
AZ31B-
1 center 1.0 50 50 13 60
SS400
AZ31B-
2 center 1.0 70 70 13 60
SS400
(a) welding condition
Travel
TIG
No speed Bead Appearance
Current(A)
(mm/sec)
1 50 1.0
2 70 1.0

(b) bead appearance
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4.1.2 &= Friction stir welding

FSW @5 o] F 4
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Table 4.29} 4.3
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b3t FAHAR Tool 9
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o] Probe hole®] HE|= <laf 1

=
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o A9
345 E7F 500rpm ©]4 9 Wl Material Heating©|
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7 54
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It Table 4.30 WERH vRel Zo] Tool9]

O —
"ILO

S
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%1—

gozn A
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il
o
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To-

o] 24L& TIG Assisted

0.8~2.0mm/sec®] t}.

I~ T -
TEHEE

300rpm, 400rpm L& 3L ©]
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FSW hybrid welding®] 7]
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Table 4.2 Only FSW condition

No. Material A.dv. Tool .input Ré);aeteigg g;izzl R.otatihon

side point (rpm) (mm/sec) Direction
1 | AZ31B-SS400 | SS400 9:1 300 0.8 CCW
2 | AZ31B-SS400 | SS400 9:1 300 1.0 CCW
3 | AZ31B-5SS400 | SS400 9:1 300 1.2 CCW
4 | AZ31B-5S5400 | SS400 9:1 300 14 CCW
5 | AZ31B-S5400 | SS400 9:1 300 1.6 CCW
6 | AZ31B-55400 | SS400 9:1 300 1.8 CcCW
7 | AZ31B-5S5400 | SS400 9:1 300 2.0 CCW
8 | AZ31B-5S5400 | SS400 9:1 400 0.8 CCW
9 | AZ31B-S5400 | SS400 9:1 400 1.0 CCW
10 | AZ31B-SS400 | SS400 9:1 400 1.2 cCW
11 | AZ31B-S5400 | SS400 9:1 400 14 CCW
12 | AZ31B-S5400 | SS400 9:1 400 1.6 CCW
13 | AZ31B-SS400 | SS400 9:1 400 1.8 cCW
14 | AZ31B-S5400 | SS400 9:1 400 2.0 ccwW
15 | AZ31B-S5400 | SS400 9:1 500 0.8 ccw
16 | AZ31B-S5400 | SS400 9:1 500 1.0 cCW
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Table 4.3 Bead profiles of FSW weldments

Rotation Travel

speed speed Bead appearance Cross section

(mm/sec)

(rpm)

0.8

1.0

1.2

300 14

16

1.8

2.0

0.8

1.0

1.2

400

1.4

16

1.8

0.8 Material Heating

500

1.0 Material Heating
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4.1.3 TIG assisted FSW hybrid welding

Table 443 45% TIG Assisted FSW hybrid o)A &4 743 8= A
el Aojtl B AFoE 7 x Ao A MFEES

: AFE Wz At 2 doAe JF dds AAsdoh A
F+ Toolel 3 A2 300rpmell Al TIG current 80(A), 400rpmol A TIG current
50(A)S zZtzt A gskgder. awre] 1A W4EE Shield gas 134 /min, Torch
angle 60°, 8 dW3 CCW, TIGE HIEAWANA AFZFHESZEZ 2mm Eoz A H 3}

EolA 25mm "ozl A He] ZAF 3R

H1

d3) AT
TY 55k,

Table 4.4 TIG assisted FSW Condition

No Material irrlzgl(l)i Rgf)aeteigg g;izzl TG TIG pulsed
soint (rpm) (mm/sec) Current(A) | Current(A)
1 | AZ31B-55400 9:1 300 0.8 30 60
2 | AZ31B-S5400 91 300 1.0 80 60
3 | AZ31B-55400 9:1 300 1.2 30 60
4 | AZ31B-SS400 9:1 300 14 30 60
5 | AZ31B-S5400 9:1 300 1.6 80 60
6 | AZ31B-S5400 91 300 1.8 30 60
7 | AZ31B-S5400 9:1 300 2.0 80 60
8 | AZ31B-55400 9:1 400 0.8 50 50
9 | AZ31B-55400 9:1 400 1.0 50 50
10 | AZ31B-SS400 91 400 1.2 50 50
11 | AZ31B-SS400 9:1 400 14 50 50
12 | AZ31B-SS400 9:1 400 1.6 50 50
13 | AZ31B-SS400 9:1 400 1.8 50 50
14 | AZ31B-SS400 9:1 400 2.0 50 50
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Table 4.5 Bead profiles of TIG assisted FSW hybrid weldments

Rotation Travel

speed speed Bead Appearance Cross section

(rpm) (mm/sec)

0.8

1.0

1.2

300 14

1.6

1.8

2.0

0.8

1.0

1.2

400 1.4

1.6

1.8

2.0
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4.2 SHFAA BE AZFZE 54

42.1 FA(AZ31B) FSW &3 579 AAZ A=

ste] Table 469 2 HAyxHno=z AFS AHAASAT. Fig. 4.1 300rpmell
1.2mm/sec®] Stress-Strain Curve 545 UWEIATH AZ3IB EAY A==
°F 260Mpac]™, AZ31Be & vhZunbgsti el FHul A7 =+ Base Metal?]
oF 85%¢%1 221.9Mpas YEFWT

Table 4.6 Tensile strength of similar material FSW weldments

Rotation Travel
Fractured Y.5 T.5

speed speed Bead appearance .
Specimens (Mpa) | (MPa)

(rpm) | (mm/sec)

300 1.2 212.8 221.9

400 1.2 208.1 231.1

P2

200

50

oa 03 10 15 an 5 30 33 40 45

Fig. 4.1 Stress-strain curve for similar material FSW weldments
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4.2.2 o] F A (AZ31B-SS400) FSW &HF9 AZA=

o] ¢ TIG Assisted Friction stir welding ¢ HIEA % AAAEE
37] glte] WA FSW @5 o P& A8 A0, Table 47¢ FSW @5 of
A A 2 o, g dE s A A s e AT e AZ31B
o} SS4009] HEgAHAA e O™, Table 489 Stress—-Strain CurveE YERH
Ay o] i HA FJd 54 Hola th Tool?l A4 400rpm, °lF4 =
1.2mm/sec Z7NA 7} S JFFof AFA=E e

Fig. 42+ A =1 QAU EE 2823 sk Aot
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Table 4.7 Tensile strength of dissimilar materials FSW hybrid weldments

Rotation
Travel ) Fractured Y.5 T.5
speed Speed Cross section specimens
(rpm) (mm/sec) (Mpa) | (MPa)
0.8 \ 1t 160.3 | 1842
1.0 - i N 1406 | 1575
1.2 150.3 175
300 14 110 122.5
1.6 20.5 228.1
1.8 165.3 188.3
2.0 129.7 155.8
0.8 209.4 227.2
1.0 196.7 217.2
1.2 197.8 227.8
400
14 150.8 170
1.6 150 168.6
1.8 209.4 2289




Table 4.8
weldments

Stress-—strain

curve of dissimilar materials

FSW hybrid

Rotation
speed
(rpm)
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217.2

Rotation
speed Travel Speed(mm/sec)
(rpm)
i - #
|
/ J / l
| /
400
? P
” /
// Jan . \
| / / I
/ / /
ﬂnl]/ 02
<Base Metal 85%> 228.1 2271.2 227.8 228.9

Tensile Strangth (Mpa)

2 e o O
beib Qf'\'. Q.;\'C}} Q/\’ ; Q/\’ ’ Q/ ib Q/ ; Q’ /\’- f\'- f'\'. J\'.
“DQ %Q ‘-b() ‘-,‘E) ‘-éh .-,JQ .-,53 "»*5:'
RPM-Travel 5 peedmm/s)

184.2 188.3 — |
170 168.6
15'&".515‘:‘.3 155.8
122.5
K] < W | G

R« AR . R - A
SRS S R

Cb
J\'_.

Fig. 4.2 Comparison of tensile strength for dissimilar
FSW weldments with process parameters
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4.2.3 ©]ZA(AZ31B-SS400) TIG assisted FSW 3lo] B g =

$4% AR E

)

ol

Table 4.82 o] A2 TIG Assisted FSW hybrid welding ¢ A&E5A % <l
e A E e YElAT A stdS FSWaE He 543 fFAFsHA
it AZ31B9F SS4009] HEAlA detston, FSW o= Heke HA e
43 2oy dAAdsdHA @xo HEe] a2 4 g AJg o= SS4009]
Ao TIGE Rz d9oz 7lgdozn ALY He 3 2%
Tool®] ZAdurto=  <lgh HAHS H=rbh At Aoz Alg  Hrh

Stress-Strain curves Table 4.9°] YeF ATt HeAHo] ofd et A7k A}
7F Bl sty HEAIHA A ko] o= QA e 7RIS e A=
Atadnh 99 Ad A3E &5t Toold 3G9 o]FEHE 7 A4 JdE Lol o
S Y EAo] FolHS & AU

A9A7 Ao AFFE 2358Mpa®, ©l= AZ3IB FEEA Ad AFA =

(260Mpa)e] °F 91%¢°l Zét= 3 AFdE Fs de + J3dv Fig. 43+

A3 24 AFAEE g2t & Aot}
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Table 4.9 Tensile strength of dissimilar materials TIG assisted FSW
hybrid weldments

Rotation Travel
Fractured Y.5 T.5
speed speed Bead appearance .
(mm/sec) Specimens (Mpa) | (MPa)
(rpm)
0.8 163.1 1914
1.0 168.3 188.1
1.2 143.6 165
300 14 159.7 177.2
1.6 170.6 183.9
1.8 180.6 195.6
2.0 176.1 184.7
0.8 167.2 187.8
1.0 158.1 171.7
1.2 202.8 235.8
400 14 190.8 206.7
1.6 190.9 214.7
1.8 176.7 196.7
2.0 1975 211.7
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Table 4.10 Stress-strain curve of dissimilar materials TIG assisted FSW
hybrid weldments

Rotation
speed Travel speed(mm/sec)
(rpm)
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{Base Metal 85%> 2147 7

I Y )

191.%188.1 83.9 . 184.A87.8 i
177.2 171.7

Tensile Strangth (Mpa)

Q R N o b o N
S Y I B S I B I
EG I S S S S SR S S S S S
RPM-Travel 5peedmm/s)

Fig. 4.3 Comparison of tensile strength for dissimilar materials

TIG assisted FSW hybrid weldments with process parameters
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4.3 8HIFHEFSW, TIG assisted FSW 3lol B g =

§4)l HE F=5H

Fig. 44 % 45% W& vpzanbgety 9 TIG assisted FSW hybrid A 59l
A QAR PE =4 Uehd 8 E2A(EY 3 AEE7E 400rpm, ©o]F &R
1.2mm/s, TIG current 50A, X3 7} 134 /min)ell W3t A% EIXE vebd Ao
o o wpE Rk e o) A mtaddE(AZ31B) S AREEE RAYY
I WRbRE H WS W AE gho]l A9 Hl=Fow, AZHSS40005Y HEH-9
BE G HFHF SAHAA AZ3IBHw Y97 2 EAGHRY =4 UE
tl. 183 TIG assisted FSW hybrid F35-9o A9 vtadlsg a5+ =2 A9
tinjsle] Axrb athA] A WskelA] kol A7 (SS400)0S H - oA A

. -

velskth 28y TIG assisted FSW hybrid 84529 7H(SS400)=2] =7l
o] wpWHb R Hlg] AFom THAGTS HAT o= wWEo] nbE Wby g
= AN 227 9 st AEAA 2 AA-YH A7) A F

g
7b8 7] wiolgta Alg e

_39_



300

250

_. 200

>

=

E 10 == {1.5mim

= e

E = .- 4% =&=1.5mm
100 m]BSInE == 2. 5mm
50 e

HEIJ.'.H’.H—.L::.A--Trﬂm.—qu-!Nm-‘.'l.'\':."-DlDC.

Distance|mm]

Fig. 4.4 Hardness distribution of dissimilar materials FSW weldments
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Fig. 4.5 Hardness distribution of dissimilar materials TIG assisted
FSW hybrid weldments
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4 .4 £ FAH(FSW, TIG assisted FSW 3}lo]lB g =

$4)o e MMz 54

4.4.1 Microstructure of FSW dissimilar joint

[E] Steel [F] Steel
Fig. 4.6 Microstructure of dissimilar materials FSW weldments
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4.4.2 Microstructure of TIG assisted FSW dissimilar joint

npzauk stolB El= HehH o] HAZS TMAZ (B)9] A $dAE= FSW HEH
Hoh 22 A7) AA-Y ##ZHS A, 53] TMAZE 7IA4 3 mE 249 H
o7 Q&) UdAG WIS 7t dAag xFo] BAHJT. TH AAA Jg9l
SZe vpEndt solH = HetH o 9 FSW HE ol Hla FA3 2w o)
Uebd mAl AAd 2ol BEELH ol A FALE TIG 999 493
o] 2ARFETS F/IAZ Az dddy. A7F3(SS400)9] AR E vE nE

o

¥
- ’
[

e S,

(B]

[E] Steel [F] Steel
Fig. 4.7 Microstructure of dissimilar materials TIG assisted FSW hybrid

weldments
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