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ABSTRACT

Kim, Gyeong-Woo

Advisor @ Prof. Song, Kuk-Hyun, Ph.D.
Depar tment of Welding and Joining
Science Engineering, Graduate School

of Chosun University

We evaluate the properties of solid-state-welded STK400 steel tube in
terms of the relationship between microstructures and mechanical properties.
As a solid-state-welding process, the friction welding which is suitable for
tube and rod type metals was introduced in this study. Prior to this, STK400
steel tube with a diameter of 60.5 mm, which has a thickness of 3.3 and 2.2
mm, was prepared by length of 170 and 70 mm, and friction welding was
conducted at a rotation speed of 2,000 rpm and upset time of 3 — 7 sec.,
respectively. To analyse the grain boundary characteristic distributions
(GBCDs) such as grain size, shape, misorientation and phase distributions
for the welded materials, electron backscattering diffraction (EBSD) method
was introduced. As a result, the application of friction welding on STK 400
alloy led to the sound weld without any weld defects such as crack,
distortion, fracture and so on. In addition, the welded zone consists of
fully equiaxed grains due to dynamic recrystallization occurred by friction
heat and metallic flow during welding. These refined grains achieved the
significantly enhanced mechanical properties such as microhardness and yield
and tensile strengths. Consequently, Vickers microhardness and yield and
tensile strengths are increased to 10, 12 and 30% relative to the base
material, respectively. In particular, all the tensile tested specimens
showed the fracture aspect at the base material zone not at welded zone,
which means the soundly welded state at all conditions.
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VaterTal Chemical Composition
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Mechanical Properties
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0, OI2 O 9(a)0ll LIEILHZICE. O &EHl= Bdlola *sS&Ale OHEEED
M, sld=% 1600 RPM, =ICHZ= Py 10,000 Kg, P»: 20,000 kg(140 kg/cm®),
AUAIZE: O~ 99.9 sec Al MOt JisolCh. AE8&BIF AN SEH8S 126t
otSE At AE 8 9(c, d)2F 201, A2 IAESH AE MEFH DEAA
S22 MSIUCH. el BT S AEH HEHOH L AXs JEHe &2
LISH0, AIEE 20|12 &0 %= 2 (2 9(b))2 MESHH A=SHACH
SEXZH0 O DIMERD JIHE SHo HAZS S0I5H)| 2ot A
SA(P) 0t LAAIZHE)E SEHSZ HdFOIYR LD, SIMEEQ OtELES 22 1
RPMDF 10 kg/em*2 2 LHGIH SXISH MEHUA, SALD JAAIZIS 22t
~ 25 kg/em® b 3 ~ 7 sec HI0A HOIotO! OFEEE otJACH. Ol0 CHet 2l
ol AEAXAHE H 50 LIEHLHACE.

5 0 920A = OHEYE 338X A
AL
ANEE | SIFMSET N| OIS Py | A P, | AMAIZE ¢ zf T@L}:}
No. RPM 2 2 sec = =
(RPM) (kg/cm?) (kg/cm®) (sec) (nm) (mm)
1 3
2 15 5
3 7
4 3
5 1,600 10 20 5 70 170
6 7
7 3
8 25 5
9 7
- ']4 -
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H 38 JIAA

=EC,

-

3.3.1 HIHAZ ZAIE W QIFAIE

N2 O8 SEXZHUAM OHEEEE & M JIHE S42 EOtot)| ?AGtH &
CAIED OIEAIE0 TLERUCEH. OL0I1AZ HIHAZEZS B2, O8 12(a)0l Lt
EtHblet 201, ShimadzuAtel HIHAZEZAHE TLotALD, AMEEH AHUHA 1 mm
Ot YR FaA2 JIELZ =2 0.5 mm 2222 (08 12(b)), CHOIOIE2E &
XHE HV0.5(4.903 N) otE2 2 10x2t /A8 AEHHAN SEGHAUCH &HHE, QUFA
82 fdl AMEEZ2 2010 HEYHES 01E5t0, O 1310 &0l E&EAH2l 50
mm, IDHELXIS 15 mm O|&tSl & EAOCZ HEGIULH. HAES dE2E =3
£ Sofl EEE 63F2 AMEHEO ot =#EA=0l, ASTM E8 (Standard Test
Methods for Tension Test of Metallic Materials) #2330l 2A45t0 AIEEZA
Ol2 Soll OISl EAE, a2 dAlss BIIGHRIL.
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Pearlite

"4

Ferrite

/

Pearlite
Ferrite

Ferrite /
N

N\

Ferrite-carbide -aggregate

Pearlite

/

8 16, gAY

P

Ferrite-carbide -aggregate

15 kg/em*S =2 OHEEE & STK 400 22 OMZXZI,

=]
(a) 2 (b) SAAIZE 3 sec, (c) SAUAIZE 5 sec?t (d) SLANAIZH 7 sec.
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Ferrite

/

Eerrite-carbide~aggregate A i

Equiaxed grain _fer_ritéfpearlite iy X

Pearlite:

Ferrite

/

Ferrité-carbide -aggregate

T

O 17, A& 20 kg/em’22 OHEEE & STK 400 822 OIMERZIE,

(a) LAIAIZE 3 sec, (b) YATAIZE 5 sec?t (¢) SAAIZE 7 sec.
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\ Pn}arhte : Pearlite

Ferrite-carbide -aggregate

- Ferrite-carbide -aggregate
Ferrite / :Ferri £

/

Pearlite

/.

Ferrite

/

Ferrite-carbide -aggregate

08 18, LAl 25 kg/em’22 OHEEE & STK 400 822 OIMEXZIE,

(a) LAIAIZE 3 sec, (b) YATAIZE 5 sec?t (¢) SAAIZE 7 sec.
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Low angle grain boundary
= High angle grain boundary

Inverse pole

0 &=9

TK 40

02 0

5 kg/cm

a

(

figure map.

SecC.
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Low angle grain boundary
= High angle grain boundary

Inverse pole

9
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0 &=

STK 40
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AAIAIZE 5 sec?t

)

b

(

figure map.
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BT i

Low angle grain boundary |
= High angle grain boundary

a8 21, gAYy

2! | Inverse pole
figure map. (a)

20 kg/em’22 DHEEE = STK 400 & =22
5 sec? (c) YAlAIRts 7 sec.

=
SAAIZE 3 sec, (b) SATAIZE
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Grain size distribution
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03 03
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Ct. Misorientation angle distribution

St 9 SHXEAH0 st LA g 24560 =JI2M= O
25(a)0il  LtEFH Bt 20l 27Xl &FS, DA2A2M(High angle grain
boundaries, HABs)Jt &Il LHEE = 86%= XtXIot]) A2H, 2 ~ 60" ol 2H
HMAUHCZ Hli=xxst HIEZ 2ZotD UUCH. LA 15 kg/ecm’ A HAIAIZES
| LIEFLHRUACE.,  ATAI2HOI 3 sec

201, MZ22AH(Low angle
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(a)

(k)

025 025 "
Low zngk High angla Low zngk ng_'l'argla'_
020 4LAE : 14 % HAB : 86 % 020 41AB : 19 % HAE : 81 %
= 015 = 015
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0.00 4
0 W M W 4 s 6 00w 0 W M W 4 s 6 00w
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Fraction
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