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Stir Rod of Shoulder width

-

Retreating side of tool | Advancing side of tool

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 SS400
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2.3 A&l £4
a2  gsE EAo 2ol el =H2(0.12%015t),  H2
(0.12%~0.30%),22(0.30%~0.50%), =&32(0.50~0.90)22 LI+=0&CH
2 =20 M0l 884002 HZ(0.12%~0.30%)22 M JI&E 20| MEL= &
Eo0=Z JIH ¥ P29 BEX PME AMEEHD JUCH 0 M2s 4
tE4 ZHA0l £l EEO0I JUCH 8 H=E UM, HsSXHE, HE=E,
HYRE2 A= WHECE el AFE = JCH AIES 3J/= 300mm(L)
x 100mm(W) x 2mm(T)2 IS &0 OtEnBrEE Y 2lst LIl &
Ol & AIEIRUCH.
Materials Chemical composition (wi%)
C Si Mn P S
$5400
0.14 0.009 0.67 0.01 0.003

Table 2.1 Chemical compositions of SS400

Yield stress(MPa) UTS(MPa)

Elongation(%)

55400 310 350

42

Table 2.2 Mechanical properties of SS400
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3.1 FSW a g &l

= ==ZUH A= Table 3.121 WINXEN Atel Ot EHESEEHHIIF AHEZULCH
ZI0 2l d=T= 3,000RPM, =0 EE22 5°0ICH 8 HO0| LIEH HH2F
20l X, Y deld Z&2 22 1,600mm, 1,800mm, 360mm OICH H=2t Al
A0l HHI0 EEZAHN A0 =0 dt=E& 2,000kgf OICH

FSW machine Item Specification

Stroke 1.600mm

X-axis Masx. 2,800 mm/min
Speed (3.2kw)

Stroke 1,800mm

Y-axis Mazx. 2,800mm/min
Speed (3.2kw)

Stroke 360mm

Z-axis Max. 2,800mm/min
et (5.5kw)

Turn Axis 1~20RPM(2.1kw)

Max. 3,000RPM

Spindle Speed Q2kw)

Tilting angle Max. 5°

Pressure Load Max. 2,000kef

Temperature Telemetry System Available

Cooling System Available

Table 3.1 Dimensional precision FSW machine and its specification
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2ASEWA= Fig,3.1 2 SPS(Sumitomo Coal Mining in Japan)1,000A
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Fig.3.1 Spark Plasma Sintering Machine
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3.3 & &

SS400MZ 0l OHEWBIEE S HEot)| ot S SHE0tAZ -

ol WC—-1wt.%Co-1wt. %TiC-1wt.%Mo2C —-1wt.%ZrC 8 &°2 =0l M= &
ACH M= E2 JHE SHEIIE ol BIAHA B L 21H0l ZAEHY
OSH OIM==x E242<ol XRDEHBI2 FE-SEM &EHI0 2ol SAEULCH 0l
£° JIAN S42 Table 3. 0l LIEILE /UL E2 Probe 20l= Fig. &
Z2 1,6mmal 3°2 concave HEHSl EHE = EZ5IUL.
Before Welding After Welding Material WC-binders
Probe Diameter(mm) 3~5
Probe Length(mm) 1.6
Shoulder 11
Diameter{mm)

Table 3.2 Tool appearance and Tool geometry

Conventional Tool

Developed Tool

Hardness

1500HV

2100HV

Fracture Toughness

18MPa*mi/2

9.8MPa*m1/2

Table 3.3 Mechanical properties of conventional and

developed tool material.
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3.4 0 FuWeEE &4

A A

FSWOHIAM =2 E&B¥== Tooll 3M=5%(Rotating speed),Tool2l 01&%
S (Travel speed), Tool2l &el<2IXI(Offset from weld line),Tool2 3| & gst
(Rotation direction), Backing plateS0l QUCt. &2 AP0 M= Tool 2 A
EZ5% 0ISEEE =2 Bz HdEGIH 88 TAHS DHGIAL =SS
= 400~800RPM 2l1) 0I&x5EE= 2~8mm/s& DA HEe T
SS4002 =M 2mm 2 Z100mm, Z0l 300mmel & JHel EMHE butt
SotALCH. ALEE Tool 2 probe 20l= 1,6mm0ld EHRS HZEE 11mm
OICt. OHELEI=FHO HEE 2 AIHEZ QEANE L =

HE S50 2ALA20H OM L FE-SEM HHIE 0IE36tN OIAl

A AT

Welding direction

——

$5400 (
$5400 ]
B
1y

Fig. 3.3 Schematic illustrating of friction stir welding
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- —»

&3

™

@47  '(TH:mm)

Fig. 3.4 Details of Tool shape

Welding condition Values
Rotation speed(RPM) 400~800

Welding speed(mm/s) 2~6

Shoulder dia.(mm) ?11

FSW

Pin dia.(mm) ?3~5

Room temperature 20°

Tilt angle 3°

Table 3.4 Welding condition during FSW
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QIZAIE D= Dongil-Simazl QIZAIEI|(EHF-EG200KN-40L)E AlZ 5}
CH Fig, 3. 2F 20| 2UAHAIEZ HEGIF2MH 0 LIHAIEHS Xx==
ASTM:E8 Subsize #ZZ2 AIE0HCH CIAMAIEN WINSERVO Z2 )32
AE0IH 2XH0IF2H QUHEAIEA o= = 0.05mm/secE AIE5HH
stress—strain =2&0| A& &I ULt

'
7 200

B o I T O T
MMM MO IN)
Y Y L

Y

F 3

300
100
30 32

- -
) o

_'T.r 10
‘;\ - ¥

Rb (TH2:mim)

r 3
b J

Fig. 3.5 Dimension of tensile test specimen
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3.5.2 BEAIE
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Fig 3.7&2HIE AIE0ot0 EEAIE2 EZ RS HIHA FEIt SHEJUCD
&bl= AKASHI HM-112 HBIHA BT AIED] 0I04 500g ot 10=
2t HAEotH ot SHERUCH Figd. o 20l SRS SLYFEE 0

= =eM

2HH2=Z 408 =HoI 222l EE AMEES =40t

Fig. 3.6 Vickers hardness test machine and specimen
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*h1 =4 {1 + cos (180° - a)}

* h2 = ¢ (1-cos B)

* h =nh1 - h2 =4 {cos (180° - a) + cos B)} = £ (-cos a + cos B)
* E=Wh = W{ {cos B - cos a)

Impact value U = E/A

Therefore, U = Wf (cos B — cos a) / A [kgf-m/cmz2]

2l mm
T8 8% g e R
1020.05 l 3 RO.25:0075
Y

e

:
;
i

Fig. 3.7 Impact test
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Fig4.2 Schematic diagram of time, temperature, pressure and shrinkage
displacement profile during SPS process and different stages of
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Fig4.6 XRD peaks a) Milled Powder, b) Test Specimen
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