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Study on the impact of weld parameters
In tube butt joints using high speed GTAW
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ABSTRACT

Study on the impact of weld parameters
In tube butt joint using high speed GTAW

Kim Byeong—Hun

Advisor : Prof. Song, Guk—Hyeon, Ph.D.
Department of Welding and Joining Science
Engineering,

Graduate School of Chosun University

Although GTAW has many advantages to get the excellent welding quality
in most materials and is in generally used in the power plant industry for
making the main pressure parts of equipment, there is a main problem of
comparatively low productivity for low speed welding condition. The power
plant industries are manufacturing the main pressure item using the small
tubes is intended to supply the high speed GTAW process conditions by testing
and evaluating the welding quality of non—destructive method and mechanical
properties when welding base and peak current, welding speed rate, wire
feeding speed for weld parameters are changed.

In this study, effect of welding parameters on the mechanical properties and
microstructure of weldment and heat effect zone compare to base material
(SA209MGr.T1a) has been investigated The study on experiment of weld parameters
for high speed GTAW was proceed on an external diameter 57mm, thickness
7.7mm and Argon gas 100%. The welding parameters were changed to base
current 130 and 140, welding peak current 160 and 170, welding speed rate
90, 100, 110, 120, 130 and 140 cm/min, respectively. As the current and
welding speed rate increased, the cooling rate is increased, that means
the microstructure at weldments and heat affected zone become better
from 54 um to 13 um . These refined grains enhanced the significantly
achieved mechanical properties such as tensile strength, yield strength
and hardness. Consequently tensile strength, yield strength and hardness
values of coupons is increased to 23%, 93%, 90% compare to parent
material.
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Fig. 1 Manual-GTAW Process Graph
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Fig. 4 Steady state voltage—current characteristic of a discharge
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Fig. 8 Direct current arc, electrode as cathode(-); penetration ratios
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(2) 22 924 (Electrode Postive, DCEP)
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Fig. 9 Direct current arc, electrode as anode(+); penetration ratios
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| Z0tS &1 Of
el us Sdd
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ELECTRON AND
ION FLOW © " & 5 %
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PENETRATION % b
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OXIDE CLEANING YES-ONCE EVERY
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HEAT BALAJCE IN 70% AT WORK END 30% AT WORK END 50% AT WORK END
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PENETRATION DEEP, NARROW SHALLOW, WIDE MEDIUM
ELECTRODE CAPACITY EXCELENT POOR GOOD

Collection @ chosun

_11_




2.2.2 28I EX
ol et Air-cooled

28 EX9 =EF= 28 £ L= 28 & W2 A9|s gy
?t Water-cooled GTAW EXI2 SIFAl &Al0] QUCH SHA 1 =HA EXE
Z=1 AL

Fig. 10 1t Fig. 11 0IA 2

Tungsten electrode

Torch handle

=TT s ~.
Cable connection Argon hose with
cables ry
’/

o = T
&
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Fig. 11 Sectional view for Water—cooled GTAW welding torch
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GTAWOl AlE D= d32=
Cto] MOZ Table. 22} 20|

-

Table. 2 Classification of Tungsten according to chemical composition

Requirement of the chemical composition
Electrode Short i
base material | Symbol : — Identification colour
y Oxide Additive Pollution content |Tunsten content
Main Oxides | Contents in % in % in %
Pure Tungsten WP non na 05 995 Green
WT 10 08-12 Yellow
Tungsten with
9 . WT 20 ThO, 17-22 05 Rest Red
thorium oxide
WT 30 28-32 Violet
. WZr 3 015-05 Brown
Tungsten with
ungsten . 70, 05 Rest
ZIrconium oxiae WZr 8 07-09 White

Wla 10 08-12 Black

.

Tungsten with

lanthanum oxide Wa 15 2,03 13-17 05 Rest Gold

Wla 20 18-22 T-
T ten with
ngsten wi Wee 20 Ce0, 18-22 05 Rest Grey
cerium oxide
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A 3 & 1 2

s

2 H370 AIEE ATeE 2EEI|, €N SHE, 2 we)|
e LE D= 220U AMEBEH= SA2090M Gr. Tla g222AM, 0=
Jl HIstal (American Society of Mechanical Engineers), ASME Section Il Part—A 0l
SM & Creep resistance & C-Mo Z2M OI™U2H, = 2AMM2 Chemical
composition 3t Mechanical properties 0l CHotOd Table 4 2 Table 5 0ff LIEFLHRULCY.
SA209M Gr. Tla Creep resistance & C-Mo ZM= 0.15 - 0.25 wt. %<
Carbon 2t 0.44 - 0.65 wt. % 2| Molybdenum 2 2+ ZZ0HM 017 wt. %
9| Carbon, 0.49 wt. % 2| Molybdenum 2 &% 204, Tensile strength, Yield
strength 2t Elongation 0| 22t 282 Mpa, 480 Mpa 1t 37.2%2 JIHE &2

21 UJULH LerHO =z BHAZS B BA2 gRY |, 2k S st He2

olotd Chst A HE(S4A HHE)E of,1 = Austenite(y-Fe)dl A
Ferrite(a-Fe)2 29 At # =
Martensite 2| HEHII & = W2 Al 882 2 R0 =2 | =
GTAW 9 SHH=0 et 282 o ISR MBHe=E JIHE 42 0t
A HE MO 88 T2H0l 27 &M, Fe-FesC O3 A MEIEE &<
EM, AHE Moot SotH DIME Z2& 3] S0l CHotd H7 oFRUALCH
HAIAUA AHE = AN HMFADL HHS Fig.14 O LHEHHJ2O, Tube 2
2 57 mm, SHe 7.7 mm 2 FEE AMEZE oIULCH. 0= GTAW o 282
BIMOZ AIEE= V-Groove 2 EEHJL OtHl J- Groove & AtES
|

o

o D= IO

[0 Jf B

!

=
st SEf2l Joint HACZ M JIZ ot 82 & Al otAL

k)o@ ko i 0% oy KJ

J 0z o¥

_‘]7_
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Table. 4 Chemical Composition of SA209M Gr. T1a

Chemical Composition

Material
C Si Mn P S Mo Al N
SA 209M Gr. Tla 0.18 0.21 0.38 0.017 0.002 0.49 0.013 0.004
Table.5 Mechanical Properties of SA209M Gr. T1a
Mechanical Properties
Material
Tensile Strength Yield Strength Elongation
SA 209M Gr. Tla 480 Mpa 282 Mpa 37.20%
_‘] 8_
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1536°C
1394°C
9
T
E
© y-Fe, Austenite 2.06 43
=
£
2
911°C v+ Fe;C
723°C
0.8
0.022
a-Fe, Ferrite a+ FeyC

6.67
Composition (wt % C)

Fig.13 The phase diagram Fe—FesC

SA 209M Gr. Tla m SA209M Gr. Tla

57 mm

300 mm J 300 mm

A

A
A

Fig. 14 The test coupon drawing for welding Joint
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o-g o

&g 83 &2 DAIHEN AbSl INVERTER ELECON 500P 2t 2t0I01 &= HIOi
el TIG 2df HC-71D 2E= AtZ ot 0 E8Jl= 1= GTAW & 78

UEE P4 =AW, Y S| AFXE Table. 6, 7 0l &ASHAH HI|

= HF0A AMEE AIEEN BEDH= 0= GTAW & ZHl= Fig 15.2F &0

Fig. 15 High speed welding machine. (A)Power controller
(B) Wire feeding controller (C) Wire feeding machine
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Table. 6 Specification of INVERTER ELECON 500P

Division Specifications
Rated input voltage(V) 220
Rated output voltage(A) 500
Rated input(Kva) 22
Rated utilization(%) 60
Output current range(A) 5 - 500
Output voltage(V) 26
Crater current(A) 5-500
Pulse current(A) 5 - 500
Pulse frequency(Hz) 10 - 500

Body(W X D X H) (mm)

467 X 611 X877

Body weight(kg)

96

Collection @ chosun
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Table. 7 Specification of HC-71D

Division Specifications
Rated input voltage(V) 220
Rated output voltage(A) 500
Wire feeding mode(Kva) 3ZE (L=, A= HA)
THS AIZE —Rl(=) 01-5
SeMAIXAA[ZH=) 0-5
A OJe SaAlZHZ) 0-5
X2 210|0] AFO|=(mm) 08 -16
210|0] &5 =X (Mm/Min.) 5

Body(W X D X H) (mm)

206 X 251 X 395

Body weight(kg)

7.5
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0E GTAW o S& B4 20 U2 Bl ZAH Al 23 2,

JIAA

=M
ot OIMI=AC BistE =0Iot)| 2IotH, & Peak 87, & Base &7, 5;;.;:
M, A0 B= HEE 8 =z HF S}, Tube 2 root EFRO0
CHGto 01 HIE 42 <ol =5 &0 U8 87, L, A0 &5 &=
LHOHH =AIE AEHOIA 105 GTAW S S M GtACH  Olol cHet 2 x A el
Ay XA Table. 8 0l LIEHLHRUCE.
Table. 8 Detail of welding condition for high speed GTAW
Filler metal ER80S-D2
Base metal SA 209 Gr. Tla
Shielding Gas Ar 99.998% 25L / min
Fixed Base current(A) 50
Peak current(A) 50
Feeding Rate(cm/ min) 90
Welding speed Rate(cm/ min) 70
Coupon No. 1 2 3 4 5 6
Base current(A) 130 130 130 140 140 140
Varied Peak current(A) 160 160 160 170 170 170
Feeding Rate(cm/ min) 600 850 1000 700 950 1100
Welding speed Rate(cm/ min) 90 110 130 100 120 140
03—
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=2 A8 MEE 25 Jtas d8(He) 200 S2HZEW 0[F3 UK

SR S 20 Z2 d20A SE=
= g o220, EJH= Table. 9,
| 2t AWS A5.28 -2005 ER80S

ot | XIDoF Zet=0t
2 AD 0t3 ANAH0 Ol22(Ar) JIAE
0 b &0l AWS(American Welding Society) #
D2 = KISWEL#t 2 KC-80D2 2 8= &

—_

Table. 9 Chemical Composition of KC-80D2(ER80S-D?2)

Chemical Composition
Welding Rod
C Si Mn P S Cu Ni Mo
KC-80D2 0.009 0.62 1.69 0.014 0.007 0.18 0.01 0.45
Table. 10 Mechanical Properties of KC-80D2(ER80S-D2)
Mechanical Properties
Welding Rod
Tensile Strength Yield Strength Elongation
KC-80D2 668 Mpa 555 Mpa 27.40%
_24_
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nNo
00
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1
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Jn
0x
OF!
S
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w
S
Ho

©
=
0g

= 70N 828 & AI"gEHo sotH A= ASME Section Part. | 2017 edition S

PW-33 Visual inspection Ol et HAIE &dtD ZAt JIE2 Otel &2 Dt
Table. 11 0t 20| & Al StALH.
All weld bevels and weld surfaces shall be free from cracks, porosity, slag
inclusions and the weld grooves and base metal shall be clean and free from
paint, oil, dirt, scale, oxides and other foreign material detrimental to the integrity
of the weld. [9]

Table. 11 The tolerance of alignment .(ASME Sec. | PW-33)[9]

ALIGNMENT TOLERANCE OF SECTION TO BE BUTT WELDED
[ SHELLS AND VESSELS (INCLUDING PIPE OR TUBE USED AS A SHELL) ]
Section Direction of Joint in Cylindrical Shells
Nominal Thickness(mm) Longitudinal (mm) Circumferential (mm)
Up to 13 incl. 1/4 t 1/4 t

Over 13 to 19 incl. 3 1/4 t

Over 19 to 38 incl. 3 3/16 (5)

Over 38 to 50 incl. 3 1/8t

_25_
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3.2.2 Bty AlE

2 970N 28 & AIgEo Ol Alg &8 28 |RE &2l ot fI6t:H
HIty AE= A Al otQACH BIOtd A& = Radiography test € S&E&i6H0{ &M
ot HAIE SS9 A= 192 2 AFESHL], Film 2 Kodak Mx125 & AtE
SIFCOMH. 29 JIH2 o &2 J|Y(Single-Wall technique)22 A Al ol CH
AL E0 HAF BS ASME Section Part V 0l 2/40t0 ZAME S0 ZALE
&IAIGt12 ASME Section Part | PW=51 0fl et &0 & TSI SArE S0 A
Film = OtcH2t Atetoll et 2 |KFE BHHEHCH

EH20 et YAESERZAL Z20 S04 AHKA OIS 22 |2 XIAIDt

J[_= R SBgHo=z HHSICH [9]

(1) Any indication characterized as a crack or zone of incomplete fusion or

penetration; (RE EF2 #g, SE2Y T= 22 =2 UEIUHE XAl
(2) Any other elongated indication on the radiograph which has a length greater
than:
@ 4in.(6mm) for t up to £in.(19mm), inclusive;
@ lat for t from 2in.(19mm) to 24in.(57mm), inclusive:;
@ 2in.(19mm) for t over 24in.(57mm)

Where 1t is the thickness of the weld excluding any allowable reinforcement. For
a butt weld joining two members having different thicknesses at the weld, t is the
thinner of these two thicknesses. If a full penetration weld includes a fillet weld,
the thickness of the thro'at of the fillet shall be included in t.

P

alo

210]
SM(t)
S (1)
SM(t)

i

=otE Jts10 21 Xl Al(elongated indication)
b 3/4 in.(19mm) OISt : 1/4 in.(6mm)
b 3/4 in.(19mm) — 24 in.(57mm) : SHS 1/3 20|
b 24 in.(57mm) =1} : 3/4 in.(19mm)

WO
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3.2.3 ¢1& AIE

Fig. 16 Tensile test machine

2 g70A S8 = AgEe 28

[=N—]

of CHEF JIAHE 2E=E "ototdl <lok
JIHR 2 HYHO=Z AIES I3

, OIZ AEE2 500K 29 KAl
CIZAIEIl KSTM it KSU-50HSO £ AtE otiCH 2E AIlEEH= ASME
SECTION IX QW-462.1(b) =20l et JI=6t0 Load speed 2mm/Min &
AE S AAl SIRCH, 2= SE-BHEEg &2 LIEILHACE.

ol

T

(‘ . | S j
P
U{;/ Min. 19 mm

> A 7 -

&

Min. 25 mm

Fig. 17 Specimen for Tensile test(ASME Sec. Xl pipe type)
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3.2.4 8% A8

2 AN A = AIEE OtC 8 38 ZT2HHM 88 & AlE2 Weld

metal, Haz, Basm metal 2| 220l Cist Hardness € &It otJ| It B%

ANEES &g oI 2 AlBEN HE ol HIHA EBEZS H2, Fig. 18 0

LIEFHEERE 201 Struers Ab2l HIHA E 0/E3dt &g of%¥Ll, AlH

AHUA 1.5mm Ot SEERE S22 =2 0. 2 £ (Fig. 19) HV
11 O 8',

Fig. 18 Vickers hardness test machine

--l‘"i.'i"i.q e

e

Fig. 19 Test locations for vickers hardness
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3.2.5 OINMZA Alg

oal

NZ O Z20M S8 & ANEHS 28 Hg=22 0IMEE S842 240
ol AIEEHE A S #200 ~ #2000 2 Emery paper 2 S0 & AlEH HHO
ststd 24 X222 2o, Nital 5% 22H2 M =, 01 01805t E&=R9
ElttHE &8 30/3(Opitical Mircoscpe)2 OlEd Ot322 &8 0IM X2
0l ot Lt

Fig. 20 Optical Microscope
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Al 4 & &8 240 2 1

I'" \
-+

4.1 AMEHE Top view 2t 22 Z At

4.1.1 Top view

0% GTAW S0l Tt AMIZEE2 Top view € ZAb otRl, 1 Z2UE
Fig .19 O LIEHLHACH A8 21, Tt SEXH0A A" 2 AlgEe 22
AN 2 25F 2E, 2 28

OlcdotHl Bgd Ae
LIEFEH Hiet 0], &
Z0lJF 1.3 mm OlA 0.

Fig. 21 Top view of high speed welded coupon under various welding conditions
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DEBF B ANFHO HIE = BsE SFolyD, SHEAN Dot #a
HISZ0l Th5t0! Fig 22 Ol LIEHHUCH 8T HB STATI T we
ZAUA 2 1.2 mm 2 JHE IH UELOD, 8% M50 SHETIE I
6 ¥ ZAGM & 0.7 mm 2 IR XN UL MNO2 28 59
£EOF 010l M2t S8 HIS 20| d¥NOE LActs FFS LEHAUC

1.4

1.2

0.8

0.6

&Y HE F (mm)

0.4

0.2

1 2 3 4 5 6
Coupon No.

Fig. 22 Variation of weld bead width according to process conditions
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4.2 11t BAF EOt

0E GTAW SEXAHU et 28 & AIEHH oistod ot ZAF & dloty
ZAHEALE €3 AIE, RT)E ASME Section V 0l 2101610 &l AlGIA D, ASME
Section | PW-51 0l W2t ZAIE SUAIE Z2E2 HSoIJA20, SAId SUAIE
AN s&= ZA 2.0 22 Fig 23, 24 I 20| LIEFLHQACH. LAIE EDAIE ZE
ot= Z 1t Back bead weld condition 2 % st ZUE IIHE2H, AMEH R
LH20 DI, & =2, A8 22, 82 2=, Crack § ot 22 =g
KAl= UEILUR 220t 8 N8 o 228 HSIF SIHEN Ot 8838 &2
A2 EE g JASS UEUHD JASU, 28 =5 IS e =2A02e=2
g8 & Peak current 160 (A)0l Welding Rate 130(cm / min)@! 3 &1 &2 1}
Peak current 170 (A)0l Welding Rate 140(cm / min)2! 6 ® ZT2AH0lM Lack of
Fusion(8& =22)2 Z&0l ZZE ZI ZAE SWAIE ZS&0 Z&0l 8=
SISO STX0I2 oty ZHM XAZ EA S0 JUCH 012 22 A2
e e &8 <0 diol 0101 & & HIE A0 2SHES 28AI9 HEY
BIS2tS &2 Adle= 92 o= 88 dAFIF = WE &2 2o 22
F2t0l CHotd &=3dl =01K & AEHHA &0l &5 Z/AI| H20l2tD ZHEt
=ICt
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Fig. 23 Radiography Test Film for Coupons welded at Peak Current 160A
(1) Welding Speed 90 cm/min, (2) Welding Speed 110 cm/min,
(3) Welding Speed 110 cm/min
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Fig. 24 Radiography Test Film for Coupons welded at Peak Current 170A
(4) Welding Speed 100 cm/min, (5) Welding Speed 120 cm/min,
(6) Welding Speed 140 cm/min
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Fig. 25 Mechanical properties for welded SA 209M Gr. T1a
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Fig. 26 Tenslie test result (visual shape)
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, 130 cm/min
Welding speed &

g4 o= M,

2101 90 cm/min @ 1 B X

o
o
3
3

uw J= ro ror

%45 e Fig. 27(1)0“

OFO gl
ﬁ

BO& Uit 20| 143 ~ 273 Hv &S5 UER20 Weld metal) 2+ &
Her2(Heat Affected Zone) & g0l 2 Ol & 70°o Eotote ZEUE
S AL Welding speed 22401 110 cm/min @1 2 81 X249 28 ZE g2 Fig
27(2)0l 20{W HiQF 20 143 ~ 281 Hv & 181 XH0l Hlotod =& g0l Sotst
ZUE LIEIHLHRACE. Welding speed Z=210] 130 cm/min oI 3 ¥ X249 2L
T S Fig. 27(3)0ll 2 & 2t 20l 144 ~303 HvE =J| 2 30l dldk
ok 90% JItet 1 H =240l Bl & 10%SIt 88 & AJIE UEIUHRUCH <
ZIU== Soll Welding speed It &It €5 282 2 1.2 mm A 0.9 mm 2
SO0 2H, 2855 Sot0l Met 2% g0l &S&S =0l otALt
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Fig. 27 Hardness distribution of specimens welded at Peak Current 160A
(1) Welding Speed 90 cm/min, (2) Welding Speed 110 cm/min,
(3) Welding Speed 110 cm/min
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Peak current £ 170 (A) =ZHO0WA Welding speed £ 100, 120, 140
cm/min 22 & oIS M, 3=EE= Fig. 28 Ol LIEFLHRACE. Welding speed

Z2101 100 cm/min 21 4 81 X240 EZ R AL U2 Fig. 28(1)0 2 & B2t
20| 148 ~ 296 Hv E&E UEIRCeH, 2

|_

2 (Weld metal) 2 € HstL(Heat
Affected Zone) && gt0l 2M OIHl & 87% ZItole Z2UE E/RCH Welding
speed E210] 120 cm/min @I 5 B X219 SHE HET g2 Fig. 28(2)0 20
et 201 144 ~ 311 Hv 2 4 Y Z2A0 Hlotd =& 20l SIIgt Zs
LIEFLHRACE. Welding speed =210 140 cm/min &1 6 81 X212 E2HE Z& g2
Fig. 28(3)0l 20 &l 22t 20|l 143 ~ 286 Hv = LIEFUHRICH 5 B T4 F=L
I 2 B0 HIoH 2F 96% 2 4 H MO HIoh &F 5% SIF 8 & AJIE
LIEILHRACE ? ZU=2 Soll Welding speed It It &5 E282 =2 1.1 mm Nl A

2 (Weld metal) 2 € H&L(Heat Affected Zone)Jt
H S O HICHEICY,

0.7 mm & SO0IF2M,
2oE 0 HAZI0 =

J OtO
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Fig. 28 Hardness distribution of specimens welded at Peak Current 170A
(4) Welding Speed 100 cm/min, (5) Welding Speed 120 cm/min,
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(6) Welding Speed 140 cm/min
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451 0t Eot

nE GTAW SFXZZHU e SRS AMEHEO s Otz ¢oHs 2F
SIALH Fig. 29 2 2E AIHOWAM Crack, 7138, &2 &, 22 2 I 28
S 22 Z2E2 LA DX $AUA2H. AE HHE2Z 0|48t Back bead 41t
Cap bead £ Z&& & £ QUUCH (I HAIE AASHH Z&E0l &S
CIASA 3 Dt 6 AETHO CHotO] Z&0| gle P22 2 IJt30ot0 A& oFRCt)
E5 & HE2(Heat Affected Zone)2l E2 AE0=Z 24 ot U2H, &2
Peak current JI FOHIZS O & =TI SIHEN W2 201 Sotold &
YSLO E(| AZ0Z 2A = 2oz o )

o322 ==

No.

o322 ==

Fig. 29 Macrostructures of specimens( X 5)

Collection @ chosun

_41 —



452 EE2 0IMZE &It

0% GTAW SExZ20 OE

A
rate Hat0l HE OIM 2= 226D SEF UIMEA 23 BEE22H= Fig
30, 31, 32, 33 Ol LIEtUHACH =IJIZ2M(Fig. 30(1))= LAl EA2AQ
ObSAZ0IA UEHLIE HIZI0IE Z2HES It E2t0lE 2EES0l S8 gHiz

202t 3 ~ 54 m @ 2 ~ 45 m BE=F
Welding speed rate 90 cm/min 2l 1
SHINH ool 8 & 22 1 WE
HeHOlE ZJY ZeHolE ZBES=2 74
HIOILIOIELL OFZ2E AOIE = ) ==
ASERDL ZM X R A2 QLM Ol 80 A2 & 2 2
EtA S0l 0.22 wit% 0I2t2 Sstd THZ JHXEZ QLAHILIOIE
= WHOA OI2HIAIOIE ©2 BEfIF DX LUASH,
3 MM ) dEEE20 WE2=z I 22 0lAl
Grain size It OIAISH SIRUCID HEECH 25 BE= 2 436 mEEZ
AU2H, Z2A Hlw S M Grain size It OIAIE S USS &
Welding speed rate 110 cm/min 21 2 81 X242 Fig. 30(3)0l LIEtLt
ASH AREE B0, = DMt 1 H XA =& B

o
— 7T
CIASE & = UALH, & 2E= & 426 mmBLZ SHotd UL

SELE LIEHWRACH Peak current 160A 2t
sl Fig. 30(2)0ll LIEFLE HEQF 2401,
AX Ho=Z olgl OlMzE &
@]

=X
=)

00
ol

ool

0

frog
0 0 o

0oy

0

02 9 [0 ofy

Hl 14 02 B o 19
o T Y UM ot

M

u 39
o

=
ro
my
=

LSy

a
=
tol
ton

Peak current 170A 2t Welding speed rate 100 cm/min @I 4 & XA
32(5)01 LIEtL HEQE 201, &Ll 2o 88 = 252 82 UHE 3
tHOZ2 Ola OlMet & Het0lE Z2H E2t0IE Z2EHESZ2 AN
OIMIZEE = HIOILIOIELF DIEE!I AIOIE =&

SHEEI 2 X H2
St

=

0
ﬁ

N M
I HUHT
e
ol

N
o
o
m o
=
0K
bl
B
H1
I
Hy
= o h

[= I
ol
10
02
ool
|0
HU
gg
>
N
>
Moy

i
B
N

Ir Ho

0
ul}
o
|IO ||:|

=
0

Grain size Jb 0OlAMI3 &
SE5HY UM, 2 Hlw HZ2 M Grain size
|

w
!
w

o <
I

3
T oA
4 M H
Hu
a
=
tol

[
ne}
J

n
o
@
w
N
&2

20l 4 81 XA SAE

H oA 0o

HI A L 32
ol

Collection @ chosun



Fig. 30 Microstructure for weldment of specimens welded at Peak Current 160A (X 200)

3) Welding Speed 110 cm/min

(1) Base Material, (2) Welding Speed 90 cm/min, (
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Fig. 31 Microstructure for weldment of specimens welded at Peak Current 160A (X 500)
(1) Base Material, (2) Welding Speed 90 cm/min, (3) Welding Speed 110 cm/min
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Fig. 32 Microstructure for weldment of specimens welded at Peak Current 170A (X 200)

(4) Base Material, (5) Welding Speed 100 cm/min, (6) Welding Speed 120 cm/min
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Fig. 33 Microstructure for weldment of specimens welded at Peak Current 170A (X 500)
(4) Base Material, (5) Welding Speed 100 cm/min, (6) Welding Speed 120 cm/min
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Fig. 34 Microstructure for HAZ of specimens welded at Peak Current 160A (X 200)

3) Welding Speed 110 cm/min

(

(1) Base Material, (2) Welding Speed 90 cm/min
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Fig. 35 Microstructure for HAZ of specimens welded at Peak Current 160A (X 500)

(1) Base Material, (2) Welding Speed 90 cm/min, (3) Welding Speed 110 cm/min
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Fig. 36 Microstructure for weldment of specimens welded at Peak Current 170A (X 200)
(4) Base Material, (5) Welding Speed 100 cm/min, (6) Welding Speed 120 cm/min
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Fig. 37 Microstructure for weldment of specimens welded at Peak Current 170A (X 200)
(4) Base Material, (5) Welding Speed 100 cm/min, (6) Welding Speed 120 cm/min
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