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ABSTRACT

Hybrid Welding Process(FSW+TIG)S o] 3
o] FA 5 (AZ31B/SS400)2] Tool Plunge Pointeol| &

$A7e) 95 B4 4

Kim, Jung—han
Advisor : Prof. Bang, Han—sur, Ph.D.
Department of Naval Architecture and
Ocean Engineering ,

Graduate School of Chosun University

In this study, it is intended to investigate the weldability and
mechanical characteristics of hybrid welding process(TIG+FSW) for
dissimilar materials Mg alloy(AZ31B) and Mild Steel(SS400). From the
results, the tensile strength of FSW dissimilar joint is found to be lower
than that of hybrid welding process(TIG+FSW) at optimum welding
conditions. Due to increase in plastic flow and formation of finer
recrystallized grains at the TMAZ and SZ by TIG preheating in hybrid
welding process(TIG+FSW), the hardness values are more in hybrid
welding process(TIG+FSW) compared to FSW. From the microstructure
analysis, smaller grain size is observed and parent metal elongated grains
are deformed in same direction around the nugget zone in TMAZ of
AZ31B by hybrid welding process(TIG+FSW) compared to FSW. At
nugget zone, coarse grain size 1s appeared in hybrid welding
process(TIG+ FSW) when compared to FSW because of more plastic flow
due to laser preheating effect. Refined ferrite—bainite microstructure is
formed at weld nugget of SS400. But more brittle fracture is found in
FSW welded specimens. In hybrid welding process(TIG+FSW) dissimilar
joint ductile mode of fracture is found to occur at AZ31B side with fewer

brittle particles. Mixed mode of cleavage area and ductile fracture was
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observed at SS400 side.
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Al 2 7 ol EH w7

2.1 FSWe 2 & 54
2.1.1 FSWe| 4¢

FSWF = uk8-4)2 Fig. 21014 HEnte}l o] HARA A3 ToolS
S AAA HF EAol Adstar olFstAl EWH Toold 3 HgA| Alole] wh
Zdo] WAL, o] mpEAR 3] I HIAME AstEH I Toold H-olA

|

7vehe et M Ee R AAATI= Z1AIAQD del ols Toole ©]& A
71 whE e ofs) 2AdFEol Aoy dstd HEE& Advancing sidecl A
Retreating side® =5 A st ZAAo=m &3to] HA Fo=A a4HE
F7F S A A sk g ol



Sufficient downward force to maintain
registered contact

Advancing side of

Training edge of the

Pin (Probe)
rotating tool

Retreating side of
weld

Fig. 2.1 Schematic of Friction Stir Welding

= Stir Rod of Shoulder width

o

Retreating side of tool | Advancing side of tool
e e

A: BM (Base Metal)

B: HAZ (Heat Affected Zone; affected by heat generated during FSW )
C: TMAZ (Thermomechanically Affected Zone; contains material that

interacts indirectly with the tool , plastically deformed with partial
recrystallization)

D: SZ (Stir Zone; contains material that interacts directly with the tool,
dynamically recrystallized)

Fig. 2.2 Microstructural regions in FSWelded Al alloys
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2.2 GTAW? g #H &4

2.2.1 GTAWY] €4

Fig. 229} 7ol GTAW+= TIG €dolgt1: &9 HAEA €2 &
HE3 ZA7re ofmde s EAS - WHOoEA &8 F F9 9

2@y 7hag FFHUA §HEE solth

Fig. 2.3 Schematic of GTAWelding
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182811 xgf2~9] 338kx} Antoine Alexander Bussy’} & %% £&

Mg @8t& vb32 AR&shal 18339 d=re] #3# Michael Faraday= Mg
etEol A Ael HUWMS AFE, 186619 59U LGFarbenindustrie] 713
Mg< AJAbshaleh. 1921956 Mga ol thakdt Eofo

o Mg2
A AHgE S dtks 42 Q49593 OXY-fuel welding® AHgahel phoa
S A

22 AANE o] AAEol  FF (M AA&RHIE 30,000ton, Al Al Ak EF
243,000ton) st A 2=m olw] Mgwa<o] Hx=E 7|9 s HFT8& Aol A
go] Hon, Mg A& 1970dd] Z7bA] 33 F7Fs § 1990W =
B 1 Al el stEtetd oy A, £ A5 Z&ol i AlEe] AEFs

5% olfE RS A 2507 vA A ).



=5 76
D ewse) e e G
2) 7] TAAE vEER 4SS
3) F38 &7 FTolA Feo] XA s A
H) e A B WAA Aaste] ABES FH(REWI)
5 dZtglol= = Fo} e A 5
Table 2.1 Basic properties of Magnesium Alloys
ImRE| e #k(value) vl 1] & Zk(value)
RAa7Z Mg £54(TC) 650
A E 12 H A () 1100
AR} = 24.31 o137 &= (MPa) 260
z4
ARG Tz A Y &84 (cal/g) 90
(HCP)
A= (g/em?)(25T) 1.738 A A =% (cgs)(071007T) 0.40
Table 2.2 Physical properties of magnesium alloys
Mg(AZ31B) Mg(AZ91D)
D= (g/em®)(25T) 1.77 1.81
&8 H(T) 650 595
3 - (T) 1090 1055
4 =% (W/mk)(1007300C) 96 72
A7) A == (IACS) 18.5% 10.5%
Table 2.3 Mechanical properties of magnesium alloys
Mg(AZ31B) MG(AZ91D)
FE7} %= ksi(MPa) 32(220) 33(230)
147 =ksi(MPa) 42(290) 45(310)
A& (%) 15 16




232 Mg &=9 F+/

oGS el 2o BEoR Lire] Atk

Table 2.4 Characteristic of magnesium alloys

F2A43 140l Fo g del A8
Mg-Al-Zn I AEES AEAI7) A A4ne A

(e}
AZEE 7} emA we #D FaAel Zrbeks] o

Mg-7Zn &= A &7d3}
Mg-Zn-(Zr) & " ° .

Zre H7betol 24 H

Th(Thorium)2 I ATAZ 2] AlLo] A
Mg-Th st o] glo} o ol A=t HI7E 1A

£ 17k, §HAl Eobd

nFadlE el 84 o 22 54E 7HA A vk

1) Al(Aluminium)

- $9 FEAT FRPE FANAT DePE D Ayol 4ad

2) Zn(Zinc)

- A8AEE sk neAEE FAATIA, A vASe} fedd A=
=7k

- 2%0°17% Zn H7F Al 12 stde] WA

- Al°] 7710% Z7be el Zng 1% H7ME dA HW a2elA Ao

A7)

_‘IO_



3) Zr(Zirconium)
- HA7F Al &1 HBAANA trEe] Zr 1A xS AAEHO miadvs

UAANA Ed7t PGS skl 2AF vAlSed G mA

4) Mn(Manganese)

S EUR RIS SR
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B SR E Ao el uhEk FA780.12%013)), $174(0.12%70.30%),
74 74(0.302670.50%), &7 7+0.5070.90) 0. &= ol B = el SS400
S A740.129%670.30%) 0.7 A 7+ wol ALY =

AL etar MEEY 74 2 FREY BHE BAZ AEHT SHAEY 7FEA
BAZ el Frhe Adoldnt AAl AHE AA, AsAE, Aug, fdTx

2 7% ugsoz el g 53 9l

rlr
ol
of\

(0]

iy

Table 25 & & =il AR&H SS4009] 3184 A= vebdH Aot

Table 2.5 Chemical compositions of SS400

Other
) Alumin
Si Fe Cu Mn | Mg Cr Zn elements _
ium
Each | Total

0.128 | 0.263 | 0.015 | 0.037 | 2.554 | 0.18 | 0.009 | 0.05 | 0.15 | Rem.

Table 2.6 Mechanical properties of SS400

Yield Stress Tensile Stress ) Melting Point
Elongation (%) .
(MPa) (MPa) (C)
312 450 37 1,473
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Table 2.7 ©427%e] F-Frdae 93-S e Aot
Table 2.7 The role of contained elements in SS400

o] HE = F 7= 0.025%°]5tE A

WA 2o EASTAL FaA9] e et Aol Fol Ararol
v Ferriteo] 128 % A MnSe = &3
"lange wiaix on AP EI} Zoln ne 24 2 FzAol
Zo}A
A Zof| ZASFAL GAAS AT FEa Zo] Aol it
o Ferriteo] 1-8%(0.370.5%)
BEE 1 AAR A G, ARE e A
%zﬂ] XJ%L/H o] uﬂoixl
Fes} f;; 3fo] Fe3P aatm & A4, Ado] A= ADoA
b |FesPel = QUAol A2 (Segregation)ste] AW E 413
AE 2 AAFEE EobAY A& HojAu F2FHge <9l

FeS+ &4 (Eutectic)& WEo] YAl WAooz F¥shd]

S | & dAdE, sAWAEE AstAlA

Mn7} A§ste] MnS& A, PR @2 Fesl 2sto] FeS AA

FeS+ &&%(1193C)e] dro} n2FHdel o] HER HF

Cu
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3.1 AdAH & ASA=R

3.1.1 Hybrid Welding Process(TIG+FSW) 233 H|

2 =9 A8¥ FSW(Friction Stir Welding)dH] = WINXENA}Lo| A A
ek 8778 AMgetgen, HxdYgow A& TIG 3715 ¢£9
DAIHEN A}¢] Inverter ELECON 500P TIG £#H71& AF&3tdth. FSW
Tool Al2=®13 TIG Torchete] AdL Hreo] X115 A ztste] sttt
T3 AJHS A& 4= & Backing Platet= STD 11 PlateE 9A g 71
sko] Al Ztst Ao,

Fig. 312> FSW x| ¢} AldS vebd ZolH, Fig. 3.2+ Hybrid Weldig
Process(TIG+FSW)E el Aot}
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ITEMS RANGE

TYPE

GENTRYTYPE

X-axis 0.5~10 mm/sec

Y-axis 0.5~10 mm/sec

Welding
el zaxis 0.5~10mmisec
R-axis 1~20RPM
Rotation 300~3000RPM
LOAD Capacity Max. 3000Kgf

Fig. 3.2 Setup for TIG—FSW process
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2 Ao AFEE Mg-Al-Zn(Mn)Al #t1dls &= AZ3IBE 7HE& o=
7 ol AMgEE geelil A&uE T UMY AET a5l v R}

g A3, Fx2Ao] otk Axlol Adu BAaTFF o] 0.129%70.30%
¢l A7 SS400 7HE Wol AMEEE AToEA Fo AR FE AYsta
e 71A B A=Y HEFAR AFSEI §HA Y T A A o]
FTom AR A5E AAGY AEA, duh T EE A5 wFgor dy
AbE H o Qo ZF AlE e Z27]= 200mm(L) x 100mm(W) x 3mm(T)e] ™
T Aol Bt B HEyUle S shlon, AR daEE ) Hst
A A3 % Butt typel2 s

Table 3.1 Chemical composition and mechanical property

Material Chemical composition (wt%)
Al Fe Si Cr Mg Ti Cu Mn In
3.0 - 0.05 - bal 0.05 0.2 1.0
pez Mechanical properties
Yield Stress Elongation Tenslle Stress Heat conductlon | Denslty | Mslting
(MPa) (%) (MPal coff. (mm/m 2] | [(g/ccl Point
220 15 260 1.74 650
Material Chemical composition (wt%)
C Si Mn P S Ni Cr Mo J|Et
0.16 0.32 163 | 0008 | 0.013 0.03 0.04 - -
Mechanical properties
SS400
Yield Stress Elongation Tenslle Stress Heat conductlon | Denslty | Mslting
(MPa] (%] (MPa] coff. (mm/m 2] | [(g/cc) Point
312 37 450 0.012 7.85 1,473
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Fig. 3.3 Configuration of weld specimen
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3.2 FF(Tool)d AMAFG FA

e J2d Fhubo] =(WF20) A&
shlom e WEA,
(AITIM/Si3N4) S A8t B9 547 tHIadEYLS
W AT

Fig. 34 A8 9 ALy A#gdE 52 A4S yeld A olt) Tool probe
o] A& Smooth frustum typelZ 7}FEstgom 43
w1 A T+ Shoulder®] #74 AZ31B
5712 3° Probe 7S A%

0.4mm ZFS 26mm= 7}&

AEE G

)

2T EFadks S
Zo]7] 93 15mme]™, Concave(
5mm, 3+ 3.5mmeo|t}. Probe Zo]li= B

shgict.

X

o] oo
= =2

-

Table 3.2 Tungsten carbide rod specifications and Tool surface coating

(a) Tungsten carbide rod specifications

Grain Density Hardness
+0. 0. .
Co(£0.5%) Grade WC(£0.5%) Size(um) (g/cc) (HV30)
12% WF20 88 0.6 14.15 1670
(b) Tool surface coating
i A E | FH AR
= Al 2= E x w 7@;15'_0
Grade u}zk A = (Gpa) 2w (T) 54 2 H8Fof
& A 14 E
' ez 9 Uye4ds
AISTlll\\II / 0.45 45 1200 @ Hojdt xUdA
o & A4 kg A
Holdt A5

(b) Tool surface coating

18 -




Fig. 3.4 Tool dimensions

Fig. 3.5 Tool shape
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3.3 vEuVEH =34 44

o] FH3 FSWolA F2 HIWE4= Toold 3% 4% (Rotating speed),
Tool?] o]%< % (Travel speed), Tool® A4 ¢ A (Offset from weld line),
Tool?] 3] dHreF(Rotation direction), Backing plate's o] ow, E 23 of A
= TIG RExIY9S Agsgoernz TIG AF(Current(A)), E S 7F2(Shield
gas), Torch angle, FSW Tool¥} TIG torch A&l & F7I2 1#3FAL.
A xS AP AA dd dAEolxl AZ31BSF SS400¢9 &7 HAx
749l Tool 3] 4<% % (Rotating speed) 400RPM, Tool ©]%< % (Travel speed)
1.2mm/sec, Tool®] 3] 743k (Rotation direction)< AZ31BE Retreating side,
SS400-= Advancing sideQ! CCW(RE Al AIM3F), TIG 7 (Current(A)) 50A,

Of

P

B 5 7}2~(Shield gas)13¢/min, Torch angle 60°, FSW Tool?} TIG torch®}t
o] AYE 25mmE AR il Tool Plunge PointE W= dho] A g
S ZA3P3Art. Tool Plunge Pointd] Z@ozE A3dd  Hojxl
9:1(AZ31B_9/ SS400_1)= >3gsle] 7:3(AZ31B_7/ SS400_3), 5:5(AZ31B_5/
SS400_5)& dAgste] A3S AdstA =AU

A3 TIG Assisted FSW &% 22 Table 3.43% .

Fig. 3.6= TIG Assisted FSW Hybrid welding®] =2 =2 veldl Aot}
Fig. 3.7% Tool Plunge Point®] A %=Z vtebdl Aot}
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Table 3.3 TIG-FSWelding condition

Welding condition Values
Current(A) 50
Shielding gas( L/min) Ar 13
TIG
CTWD(mm) s =5
Torch angle 60°
Rotation speed(RPM) 400
Welding speed(mm/s) 1.2
FSW Shoglder. dia.(mm) D15
Pin dia.(mm) ?5
Room temperature 23°
Tilt angle 3°
9:1(AZ31B_9/ SS400_1)
FSW Tool Plunge Point 7:3(AZ31B_7/ SS400_3)
5:5(AZ31B_5/ SS400_5)
TIG—FSW Distance = 25mm
Leading condition = TIG leading
Dia. of electrode = 2.4mm
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¢ N TIG leading

Welding Direction

25mm

Fig. 3.6 Schematic of TIG assisted FSWelding process

Hybrid Welding Process(TIG+FSW) Tool Plunge Point

Bf‘.
9:1
._
7:3
5.5

Fig. 3.7 Welding configuration for TIG—FSW Tool Plunge Point
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G-Gage length : 60mm

W-Width : 12.5mm

T-Thickness : 3mm

R-Radius of fillet : 20mm
L-Over-all length : 170mm
B-Length og grip section : 40mm
C-Width of grip section : 25mm

Fig. 3.8 Tensile test specimen dimensions
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JEHAT WAAE FAHL AE Akashirbe] 2® HM-1129] HlA -
HEE X50017, 135° tholof = v Ehul = jEARS AL

7
Wel A dws daste] nAdnt & S HAAF F

T

& & 3
HAF FAlolA 500g stFo® 102 &<k AAIstAH. Fig. 3.8 Al&@el At
w9}

Values

Micro vickers

Type
P hardness
Load 0.5 Kgf
Loading 10 sec

Test Bellow 0.5, 1.5,

Position 2.5 on surface
Al31B 55400
Retreating side Advanging side

Fig. 3.9 Vickers hardness test machine and specimen
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HA z7A9 HA £xZ wotdtr] 9a Thermo-CoupleS o] &3 i &
T SAANEY dsbd gidEtE ol &3k F 2EAYES AAEYET U
=% 49 AFg¥ Thermo-Coupleol &, EF/F7F & 2719 559 & &
S AEste] e ez & B9 HHo =XV 24T o F54 &

71d48& S48 1Vvd W 1=

Thermo-Coupleo] 2% &= Ao AFS st 2 AF s B
2 BoFA @} Thermo-Couples 1170(B, G, C, D, E, J, K, N, R, S
2 UHgAdda, 1% J, K, R Types 7HF Ho] AMESth & =&ddA e
+=ro] YUAAF(NICr), -=°] HALFFNIADZ TF451x K Types
MAste] AFESHA H A K Typed 1250C7HA] ZA o] 7hsskal ghol 4
e Ades JHAA v SAEe o= AvE= GRAPHTECAHS]
midiLOGGER GL220& AF-&3Fe] Toolo] A4l ® 2 SHE Hito] BF &
H Ao m 2x7F "old o b4 SAS sl oF 2= SA AR
H gl Fhrlete FLIRAMS A 9H & b 7heletE AFEst9lar 40T
A 500C7HA] &do] 7hesle =9 60Hz, 6078l 7H4A #F9& & & 3l
=3
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System Type
Spectral Range

Product Specifications

Focal Plain Array

Long Wave

Detector

320 X240

Detector Matenal

Microbolometer

Measurement Accuracy

Measurement Range

+/- 2 Degrees C
-40 to 500 C

With Filter

500C

Field View

24X 18 Degrees

Coaling

Spatial Resolution

Uncooled
Lens Dependent

Thermal Sensitivity

<0.10 at 30 Degrees C

Detector Refresh Rate

60 Hz

Dynamic Range
Emmissivity Adjustment

14 Bit
.01-1.00

Palettes

Multiple

Display Type

LCD and Eye Piece

Image Storage Capacity
Storage Medium

1000+ Images Per Card
PCMCIA

Operating Temperature

-20 to 55C

Camera Weight

< 5.0 Lhs

Camera Size

Focus Distance

8X6X4
12 Inches to Infinity

Video Output

60 Hz NTSC

Power Supply

Battery or AC

Vioice Annotation

Availzble Accessories

Yes

‘Lenses, PCMCIA Cards, Software,

Batteries
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Fig. 3.12 €34 7hvlgls} =9

Fig. 3.13 €434 7hvlel setup



Fig. 314 €383 7tviel 54 ¥9E
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3.44 vnlolma 2 %27 EAAY

Hybrid Welding Process(TIG+FSW) o]&H 559 Adgy wMzxz= &z
= ot7lflst] HET Ao HAHE Add F vhe® st mAdn ¥
nl 2V (AZ31B) =2 I 3 A4 Picric acid) 4.2g, Z4H(Acetic acid) 10ml,
&5 2 (Methanol) 70ml, S+~ (water) 10m¢ &3 %—’19— of S AHASA L
A7H(SS400)& A XAH(Nitric acid) 5ml, o €2 (ethanol) 100m¢ <38 4 (Nital)
o2 A% & FTHF(distilled water) M HS 3 F OLYMPUSAFS] Bx5lm
F5dm 4 (Optical Microscope)E ©]-&sto] o] FHFF-o =38 o wl A

= o
£

)

EN
N

Fig. 3.15 Optical microscope
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A 43 A 2 uF
4.1 BAdxA4E vl FA

4.1.1 TIG €48 A9
Table 418 TIG ©= o]ZA €42 7A3 H= XS ebd Ao 7 A
TIGEH HEd A= Az Aolst B4 ztolz <ls] Hito] Brbst

=
Aoz Ard

Table 4.1 TIG welding parameters and obtained bead shapes

(a) Welding parameters

Plun Travel TIG TIG pulsed Shield Torch
No. Material l;ifte speed Current Current Gas Angle
P (mm/s) | (A) (A) (1/min) | (deg)
A7Z31B—
1 center 1.0 50 50 13 60
SS400
A7Z31B-
2 certer 1.0 70 70 13 60
SS400

(b) Weld bead of dissimilar joint

TIG Travel
No. speed Bead appearance
Current(A)
(mm/s)
1 50 1.0 l '_ aes o ma as ".:«L.;::;«-
2 70 1.0 " tmasameeem s )
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4.1.2 Hybrid Welding Process(TIG+FSW) 21&

Table 4.38 Hybrid Welding Process(TIG+FSW) o] &3 =A%}
H=gAds Yebd Zojth 2 AfdAs 72 &5 AN dhsto
T3 HAZAS EYE Tool Plunge PointE W= 2 83to] 7z 24
e e S AAES T Table 4.4 Hybrid Welding Process (TIG+FSW)
Shape of beadE WELH Aoty 7MY Gk vl=gdy H3 dHS e
W Z74L Toolel 3] HE% 400rpm, Travel speed 1.2mm/sec Tool Plunge
Point 9:1, TIG cerrent 70(A), Shield gas 7¢/min & W 7} %33k o}

Table 4.2 TIG Assisted FSW parameters and obtained bead shapes

(a) Welding parameters

Tool Rotatio Rottion TIG TG Shield
. Travel . . Pulse Torch
No. Material | Plunge n Directi | Curren Gas(L/
. Speed Curren . Angle
Point Speed on t(A) min)
t(A)
AZ31B
1 9:1 400 1.2 CCW 50 50 13 60
-55400
AZ31B
2 73 400 1.2 CCW 50 50 13 60
-SS400
AZ31B
3 55 400 1.2 CCW 50 50 13 60
-SS400
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(b) Weld beads and cross section of dissimilar joint

_32_

T i Tool
rave
RPM Plunge Appearance Cross section
speed .
Point
9:1
91
7:3
400 1.2
73 | ’
(1) Do 00
otigdT ey f"‘.'],."t'.-_r':'-l =
: -:’-";’#."H- Vil K).j' .
" g AR
R et 8 Y
55




4.2 HBINGPR AFFE 54

4.2.1 AZ31B B QAAF

B oAge oM FF AZ31BO mpEank HeRo AU E EAS vt}
7] $18to] Table 459 #2 HAxHow AIAS HAAs3
Fig. 41 <1 &b 3} Stress-Strain curve 54 e A o]t
AZ31B RAl] A== °F 260MPacl ™, AZ3IB & 4
2147 == Base Metal®] °F 85%¢%1 221.9MPa A== el

Table 4.3 Bead appearance of similar joint specimen considered for

tensile test

Travel
RPM speed(mm/s) Appearance
400 1.2 ~ *

Fig. 4.1 Tested specimen and Stress—Strain curve
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4.2.2 Hybrid Welding Process(TIG+FSW) 13X E

Table 4.7 Ol%xﬂﬂ Hybrid Welding Process(TIG+FSW)¢] H3EA 2
= WEkd Aot

d AdAelA AT g npe} o] FSW o= HE

AFSHAl Bl -2 AZ31BH SS4009] AW Al e o™, FSW

g Hee A dd SAY g2 Y SAo] dEeta A= =

400rpmoll A 473t S Holil Tt o= AZ3IBO GHERE

7b o] 399l WA AAEES}L He| of 3ie] 191 8400 H Tl TIG

kT
EN
e
o
o
N
oot
|o
il
>
N
Lo
)
offl
ot
rfo
F1
M
e
ol
2
R
—
Qo

S
Lo,
k>
oX,

Tool®] Plunge Point7} ¢17H(SS400)0. 2 o] At} E4% nl 14 (AZ31B)
I A7H(SS400)9] &ehgt JaArt Frbste AE wekdt ¢ Ak o= <l
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Table 4.4 Bead appearance and

materials Hybrid Welding Process(TIG+FSW)

tensile test results of dissimilar

Rotation Travel Tool
Fractured Y.S TS
Speed Speed Plunge ]
_ Specimens (MPa) | (MPa)
(RPM) | (mm/sec) Point
235.8
400 1.2 9:1
227.8
. | — F]n
.Fl f‘
v | B ¥, |
2ol § ‘ i / '
f A 3 / ‘
i /1 ‘ o |
B-f B
.; (1] III: |II:I ||4

Fig. 4.2 Tensile test graph

_35_




Table. 4.5 Tool broken of tool plunge point 7:3

Table 4.6 Tool broken of tool plunge point 5:5

Rotation | Travel Tool
Speed Speed Plunge Bead Appearance Tool broken
(RPM) | (mm/sec) | Point
400 1.2 73
'lf1=,| TR
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Rotation | Travel Tool
Speed Speed Plunge Bead Appearance Tool broken
(RPM) | (mm/sec) | Point
‘* h#"n”-'-i %ll 1,
400 12 5:5 ' —




4.3 PHRINEHE Juwe] PEEA

Fig. 432 Tool® 3 A%E%7F 400rpm, ©l+54% 1.2mm/s, TIG current
50A, Shield gas 13mm/min & w 7Fg &5t JAFEAAS veERA Al
Vickers hardness test machines AF&3}o] 3% 500g, 3t Al7F 10sece] %=
Aog o|FHEE dHS ¥HORRE 05mm, 1.5mm, 2.5mm A ol A
05mm FA o2 SA4ste] A= X5 Yetd Aot
AZ31B 35 =9 Z =¥ X+ Base metal FHol| vlste] HIHo] HEghol
A EEA A ko Stir zone FGolA HEFo] o
SS400 defdl A= AZ3IBE= 99 2o Base metal ET A
Woll A oft 2 AEEEALS HEAT Tooldl ok AW}

PA

Shoulder-2] w=}#
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200

2 150
E =t—0.5mm
E 100 - =1 5mm
. =dr—2 Smm
&0
. -
AQ2IWREBEFHFIOANNT HOEHEH
'AZ31B Slde S$SA400 Slde

Distance mm)

Fig. 4.3 Hardness distribution of dissimilar(Hybrid Welding Process)
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4 . 4 Hybrid Welding Process(TIG+FSW)¢] &= & X

Thermo-CoupleS ©]&3te] 2z} ¥QJdEWH Y 225 A A%l ¢
R SAS S A I JhHEE ©]8-3to] Hybrid Welding
Process(TIG+FSW) 9] ==#2 5 AT daldAT Ho 31 HA=xA
Tool rotation speed 400RPM, Travel speed 1.2mm/sec, TIG current 50A,
Tool Plunge Point 9:1¥ wWjo] &£=5 =AUt} o= HAFTAHAZANAY
25 dopsta HAARXES 3] e, O 2xdA e xWsE iy
AEAEE Eol7l AAdte] FAHSAY. T 22544 AZ3IB= 3
T 2646TCE 7158k Al SS4000M+= 2375CE  7ISstth. o
AZ31B7} SS4008t dAEEr ¢ £7] wjEo Algdc) o
o = AZ31BSol Al 163T, SS4005°4 135TE 7= ]
E7F AZ3IB7F €7] W]l Ao® AlsEn

=
o % H

1o

rlo
o Tr

T
a

me
=

{0

18

Al

O

Pt o

Fig. 4.4 Thermo-Couple setup
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300

260
240
220

180
160
140
12
10

=]

Temperature("C)
[ ]

o 8888

— (1) WM+22mm{Mg) |

LS DD BELEY LN DL R L L L DL B L L

—— (2) W.M+18mm(Mg)

= (3) W.M+15mmi(Mg)

— (4) W.M+12mm(Mg) |
— (5) W.M+18mm(steel)
—— (6) W.M+15mm(steel)
—(7) W.M+12mmisteel)
— (8) W.M+8mm(steel) |

Posiion
Start

Steel

O ~NOURWN=

50 100 150 200 250 300
Time (sec)

Max. Finish
21 169.2 37.3
191 2021 38
22 250.3 39.8
22 264.6 37.4
23 133.2 395
21.9 163.2 371
21.3 198 39.4
21.8 2375 35.2

Fig. 4.5 Thermo—Couple Result
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Temperature(“C)

Steel

Fig. 4.6 Thermo—-Cam setup

——38P 1 (AZ31B)
—— 5P 2 (Steel)

30

29

30

Max. Finish
162 34
129 32
139 32
128 a1

Fig. 47 Thermo—-Cam Result
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4.5 mRIPLEPRY wAZH

Fig. 4.5= oA = }O]Eﬂ‘i nhZE Rk 3R] m A 2AES HERH A o]
. AZ31B vlaulEF 5 Babe metal(a)dAXe 54 24S YeER )
ow, HAZ(b)+ ;q]g} Aol FAFsEAY oFgE wAlEX =2 S YERl AL
TMAZ(b) GA =9 714X 3 vt =2 Qlste] 2 o] Azt Hof X
A4S HIATH TMAZ(b)olA = Z]:*é%% Ago=m e dg3 WIFd=

_42_



Fig. 4.8 Microstructural(Hybrid welding prcess(TIG+FSW))

_43_



A5 A E

TIG §H<S Bxddo® ARG npRugbyg i S o] &3to] Tool A<
A5 Al mavE(AZ3IB) &aell oF 90% 47H(SS400)el °F 10% H
2 A9t o Toolel 3] dureke wha]AWtekol Advancing sideol]
7F(SS400)=  Retreating sideol vFZU|E(AZ31B) 5 $9*A1#A Plunge
Point 9:1, & 3|A< % 400RPM, °]4$<4% 1.2mm/sec, TIG Current 50AY
w1l e (AZ31B) EA(260MPa)ti vl 9196(235.8MPa)ell “d-5-ah= g

A= Az = UAH

"]

o

1) Tool®] Plunge Pointoll gt 2 A3 &-HAA} 22 o] Probed] ¢4
A AA GFS et 3o robe7} 1% Atio] € A-¢
= EA7E unto]l &3] dojup ol AWk, 7:3, 550l A= AZ31BS}
SS4002] EA A 7F AolstAl ZFol7t w7l wiiEo] Toole] wwhghgo] <143
LA A ol Heol o] Folx A Fe Ao AtHTh
2 =% Fuf AdAn gRZEE vadEAZ3IB)EaelA 162T, A%
(SS400)0llM = 135CTE 7IF38kl o, Wi wLvl w5 (AZ31B) & ol A
T 264.6C, A7F(SS400)e A= 2375C AEoA] &t Adunk dFo]
Aete]l ol & o] Fo] A= Ao Add
3) Hybrid Welding Process(TIG+FSW)¢] &A= HAZS TMAZS
ANA FSWHEF Ho} mAstd 24 E50] &=L, 53] TMAZNA 7]

A gk WE AW o7 A3 HFEEAS TR AXE FZFH o] HAEHLS
q

et
r o
i,
32
2 £
w

I 5 QA SZAlNE FAAAAOR A8 FHF LAWFOR AT o
A ARG BRHAIL o= AZHSS400)] ZAE TIGE] &
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