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ABSTRACT

Weldability Evaluation Of Root Pass Welding
Using The RMD-GMAW

Kwang-Rok Kim

Advisor : Prof. Joo, Sung—Min
Department of Welding and Joining
Science Engineering,

Graduate School of Chosun University

Welding is root industry and a key technology for the production.
Also it is widely used in aircraft, ships, cars and various industries.
But the welding work is difficult, dirty, dangerous. Because the
smoke, noise, strong light and heat generated during welding make
workers difficult. Nevertheless, the welding work is necessary at the
manufacturing process of modern industry. Continuous research and
development are required. Study on welding is being advanced in the
direction for making high quality of the joint. High quality is
associated with weld bead. So many engineers are doing research to

improve the weld quality.

Welding is largely classified as SMAW, GTAW, GMAW, Laser welding
and SAW etc. Among them, the share of GTA welding is only 20% in
the current industry. However, its significance is fairly high compared

to other welding processes.

Recently, many welding processes are being automated. GTAW is not

easy to make automation equipment system. Because current

— \/| —
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automation technology doesn't accurate than manual welding.

In recently the trend of increasing Off-Shore plant and Shale Gas
industry, Use of the welded pipe is increased. At this industrial
sector, the welding process applied to the Root Pass welding is a
GTA welding. Advantages of GTAW are high quality beads and the
excellent mechanical properties of welded joints. This doesn't require
post weld treatment. However, the biggest disadvantage of the GTA
welding is that it requires a skilled welder operation. This rises labor

costs and has low productivity.

Proficient technicians are necessary in GTA welding during Root Pass.
It increases labor costs. In this paper, Instead of the high cost and
low productivity in GTA, RMD-GMA welding process of the Miller
company was applied. The research was conducted to study the
mechanical properties about tensile, hardness, defects of the weld
bead. If there is no difference in the mechanical properties compared
with the GTAW, the study was conducted to improve productivity by
replacing the GTAW with the RMD-GMAW.

In this study, we compared GTAW with GMAW in the same working
environment that is the same specimen (Carbon Steel SS400 3t).
Welding conditions(Parameter) for carbon steel SS400 was received
from Miller company. Each specimen was welded by applying the

optimal conditions to weld the carbon steel SS400.

When applying Root Pass Welding, Miller company RMD-GMAW
Process increases productivity by about three times higher than Root
Pass Welding of GTA welding. Bead and the back bead of Miller
company RMD-GMAW shows a graceful appearance significantly.

- VIl -
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In addition, the tensile strength shows almost the same level. The

beads formed back bead and the good shape.

Therefore if replace the GTAW with RMD-GMAW, production cost will
be reduced by half and productivity will be improved by more than

three times.

- VI -
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The Problems of GTAW Root Pass Welding

Slow GTAW
and SMAW
processes

Tight dead
lines

Conventional
GMAW is not
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root

L7} e
MIG Root
23-0=

23

Shortage of
skilled GTAW
welders

X-Ray quality
E

Maintaining
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(Hi-Lo, root
gap)

Material Handling,

Narrow dimension
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Fig. 1.1 The problems of GTAW process in the field
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= 22| EA0 ol 0otE1], RMD-GMAWS| 2|2t S40ll CHol A AHAIBl &
OIEE= GI2CH LdetdEol GMAWSH RMD-GMAWS| O|ietAlol X0 &0t=2
A0IH, JI2H0l A2le X0IE b, 4 2= oHACH

3EHME GTA 2 S 0|28 ==2F Al 2FE9 JIHE 4 ¥ 2=%01HE
EHS "It CH d2l2 RMD-GMAW ProcessE 0|80t =28 Al E88
of JIHAE 4 & 2&5sAE EM42 HIlolW, GTAWS2H RMD-GMAWS 284S
HWEAGHKCH £t Z2etsild2 0123t RMD-GMAW ProcessE & &6t
XZE2HS XEst A|HO DIMER EAS 2SI CH

AHE THE S Carbon Steel SS4002 AFEdIY 2, 3tX100X150 AlOl22 2&
S NG CH 2& ZHS MilleritOllA MZ2= xXo| ZHOZ2 EHGISULCE.

2 HAZ0A A2 = HHl= Millerfit Ol A JHE S RMD-GMAW(Regulated Metal
Deposition—-Gas Metal Arc Welding)processE 0|20l =&=28 & QAT
dE, & 2 530 RMD-GMAWE =SE&0H 2822 M, Hisdzd, M
Are SHANOIC2tE S DA SEE 10 HRE XA WAHOICH

40U AME GTA &2 0|88t =528 2 RMD-GMA 2& processZ Al It
S E2, A JIsE Al 22 £+ Us Mo Al HEe 22 200 Uig 2
of Al A=2ZS T E0IULCH

Ct=S Fig. 1.20ll 5012 &ez RHE 22 =274 FlowchartE LIEFLHACE.
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A 2 & 028 UF

2.1 GTAW(TIG)2 &el & sS4
2.1.1 GTAW(TIG)Sl 2el

GTAW(Gas Tungsten Arc Welding), 22 TIG(Tungsten Inert Gas)2& 0|2t

EEI. GTA S22 HARA 2HO=Z HIE252 ST LEIHOZ AIEEH,
=

HER2 =22 EEs £ AN o &Y 20HHIA ZYASHH AI2ZHXLD U
= E2EY0ICH HARHE 9AH M=2Z2(Tungsten Electrode)E Al25tH & 20
= 0l220/L} g8 22 284 IJIA(nert Gas)2 B3&0 2= M (Filler

L = [ = o
SECh 022 JIAZ AI8ots ZR0Es BS &

<
)
@
o
N
=

=2 X
==

ey

ctI& st

[l

0 =
ig.2.12t Fig.2.20l LtEFLH UCEH.
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Direction of
weld

{- GTAW head

“ Power
Shielding gas
Contact tube
Tungsten electrode

l (nonconsumable)

Filler rod ] I

> Weld bead

1\\ }

Copper shoe -)

(optional) Shielding gas

Fig. 2.1 Schematic illustration of GTAW(1)
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Tungsten electrode

— High frequency generator
| / Collet chuck

Shielding gas

Welding
source

—

Nozzle
/

Direction of welding

x
Filler rod
\ Arc
2

Deposited metal

y—<

Molten pool

Fig. 2.2 Schematic illustration of GTAW(2)

2.1.2 GTAW(TIG)Y sS4

GTAW(TIG)2 &1 ¢HE s 2L
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-28 01852 JIAHE 4&H0| <=0lCt.

-2 2= 252 DEZE 2&0| Jilsost.
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-828 & & HAH S Cleaning(3Z &) &0 2L QUL
-LHEAH 0| 2=+05tCk

-230tA0F FEolW &Y = A 0l 282 & 88 4F
2= A0 FHHH0| ¥5otch

-AIHEIE A2l LG
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2.2 GMAW(MIG)2l &el & sS4

2.2.1 GMAW(MIG)2| &cl

GMAW(Gas Metal Arc Welding), €2 MIG(Metal Inert Gas)2& 0|

224 2010 =0 ta= AROIO &D1HE Ot E ddote Ha=

ot A0ICH & E8 & H5H22 335

-

o -/
Metal)2t2l H=0I 2o L= ArcZ0l 2ol & @I, Torch(

ASE YXHEE SN SX 22 2S00 2T
Ne AIZE= B3ItA2 SF0 ek Se 200 e 3 &
82 =Rz 22 20IE zUE €= = AU2H Ol4&stEAE
=2t 2019 2YS 22 4 UL HEXQ GMA ST RAEZES
Fig. 2.40i LIELH UL
o l ___ Feed roller
u E z Wire
- Contact tip
/Gasnozzle
Shield gas
Arc
Direction of welding
—— ¥ Weld metal

-

Fig. 2.3 Schematic illustration of GMAW(1)
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Fig. 2.4 Schematic illustration of GMAW(2)

o]
o

ol
KD

3]
of

0l
HH

z

KD
o0

ilo]

u
()

1

MIG E&0 At

StCt.

Al

=0l =

=X
Sy

GMA

A2 A2 M (Direct Current Reverse Polarity(DCRP))S 0|23t & Al Wire

o]
RO
oll

o
ju—

ol

-
=

Bead?

Ol &4, ==ci8t

SH
S

S 2XHol ol

Az 28

ol
=

st

Jt OIAl

_14_

Collection @ chosun



MM E M (Constant Voltage Characteristics)2 Ol2st=0l, &
B J

gEdolgt o™ Stz 0t329 Z0IJt #OHXE ot3 dFIJH Sototd &
= EE0l =0tH 0t3 Z0l= B4 2012 &I EE0| F4H2Z 0IF0H &L

S4H2O 82HIIE 0I2dtH Burn Back(B1) XEZ0 2o MF2

Hat A0 HMEAM Wiredh 2O St D] ol Wiredt 245561 E8EH0 oS
gX g = ALl GMAWE= gutdoz AN2A=24(Direct Current Reverse
Polarity)2 =0l ArEst=0, 2MH st 88 LE0l 2= 0l 2D HEE
Z(Cleaning / 0t3Jt 2 EHO| Atgtatg HHGt= HE)e=z 2ol 2X
o

0l E0tE2=z 2€=0ls, OdUls s Zeg=s &0 %20l 02510 UL

~

life

ST YHS0 Hloh ST et B LT RSUYSH O YYE N
ACH EEHIIMS &2 IHAS2 s CO2t 20| ABHHHOH ZDXO2
B AFRIEOFIAN JbE 20l AFEEIO XD UCH
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2.2.2 GMAW(MIG)OIN =

GMA 2EUMES A24 23S ARSI H20 U2 2F Lel 22 28
S 2RO BA0| LEHLC 0l B8F BI4S0| #3

201010t 8 22 0ot
S0l et 2010 dEeel S5
Fig. 2.501 LtEFH HE2E 20l

Acceleration
of gravity

Electromagnetic _|— Filler wire

force F;
(Pinch-force)

Sy

Wire electrode

‘/\'iscosity

Surface :

: - e

———t Droplet in lateral
contraction

Inert force Blowback force Fy
due to vapor

Electrostatic

force o
Suction force due

to plasma flow

Fig. 2.5 Forces involved in the droplet detachment process
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GMA E&0l UM =52 OlgeAl(Metal Transfer)lll= Short-Circuit(&
20|&), Globular(*4018), Spray(2Al0I&)2l IAAH Al JtX SEXQ ZHO|H
HAOCZ LIFUECH GMA S0 AOAS M JHXl OlgiBtal DAES Fig. 2.6
Ol LIEFLHRAUCE.

|
. R LT
— — - — g

(a) short circuiting transfer (b) gobular transfer (c) spray transfer

Fig. 2.6 Basic metal transfer modes in GMAW
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2.2.3 GMAW(MIG)2 €4

GMAWMIG)2 & &2 ChSDt 20

~23 X0l HIDE A5
~83 58 o 95%=2 A5l ZCH(SMAW 2 60%)

2 QL.

=
N
=)
]

—Cleaning(& & &

87 ZEIt 30 20 220l 210, XA &0l Jbsotlt.

-SMAWSt 22 E&J|2 Hlwot &Hl JtA0| g4 H0l12, ESItAJE O dl

—-TorchJt EE 20 Z20otJ| 2etst 2= EZ0| =Jtsotth
-2%8 &H|Iot R&E10 220 S&GHH 01S01 S & ot
-Hg0l RF= SAlMs E30tA0 SE2E S=20] ofkl g2z SdSUH0 2

-OEe AEZ Clof &g =8 &H0l FZo6t)| &L

-CHEel ANEHZ Qo AINE MH &0l =L
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2.3 RMD-GMA E&29 &l & |4

2.3.1 RMD-GMA &2 &cl

RMD(Regulated Metal Deposition)-GMAW Process ;

22 Millermtl M 782t2] I HEZ2 So &Alst GMA &2 8t Process&

el — Ry

& GTA 2822 MUl QEH ==E&ES Purge Gas(0|8 2 28 HIE 42
st BESIIA)Q O|HH(0|BE & HIE = BHH|E(Back Bead) §4E Qst 2

8 ME)E MESHA &1, OIHHIES MHGIH === It

ProcessOl|Ct.

RMD(Regulated Metal Deposition) ProcessOlAlSl 2% 28
Z Fig. 2.701l LIEFHHRZUCH. OIGHE SI| SIoH Etola ol <
LEEFLH RUCH.

RMD Ball Transfer @M'er

Current
Waveform

Ball Background Preshort
LA R L L LR L LR RRLERRLRERLRRLLLELLLLLELRRELELERELLLLLLELLRLERLLELLLLLLLLRELELLLLLLLLLLLLLR])

Fig. 2.7 Basic metal transfer modes in RMD—-GMAW
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Fig. 2.8 Mechanics of Short Circuiting Transfer
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Fig. 2.9 Mechanics of Spray Transfer
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Spray TransferZ 40l A= 2 X2 H0I01E AIZ5I0), &S 013 LS A
StC. [MetM Spary Olgigtale FHAoh gal L= HEZ Y

&= UL

>_

tE

ot

Ball Transfer Zal2
(A, Short Circuit

PN HHEJAXO0l, RMD-GMAWSl S& O0la8gal =
Short Circuit Ol&#gAallt EAtet As & = UL 1
TransferZ Al 0t Ball TransfergtAlo] ItEE =&

Fig. 2.102 ZEtHQel GMA E&0IMEl Short Circuit Transfer 2AI9| 1}
Et 20, Fig. 2.112 RMD-GMAWZS| Ball Transfer 2412 TIEE
LH ACE.

Typical STD MIG Waveform
150 IPM .035" S-6
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Fig. 2.10 Short Circuit Transfer Waveform
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Typical RMD Waveform
150 IPM .035" S-6

g_--“ "
N

0
108 109.5111 112.5114 115.5117 118.5120 121 512%
Time(mS)

Fig. 2.11 RMD-GMAW Ball Transfer Waveform

2BtM Ol GMA S& U A2l Short Circuit Transfer?t RMD-GMA S & 0lA 2| Ball
Transferl MEsS AMHEHE, 8= RMD ZAI0] L8t MIGELCH CIa &H &2
(@]

M, 822 A X0IIJ+ Ll

= 2N D=8t "iet 201 LEtE Hetolde MEUA 8% 2 dUS HOSH
O SH0lM2C0H 28, 12 Spray OolggAll JE 8= IMEE HOGH
= 20l JI=0ICh Spray Olgigtaloz HI|0le R0t A0, ol A Ot
g2 &8 Y HEES = 0ldYA0I2t) = = UL 5 o Z=5| st=0 bl woH
2™ Ot Fig. 2.122 2Lt
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Short Arc RMD

Typical STD MIG Waveform Typical RMD Waveform
150 IPM .035" S-6 150 IPM .035" S-6
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Fig. 2.13 RMD-GMAW Waveform
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Fig. 2.122t Fig. 2.130IA 250l RMD-GMAW Process= &BHXQ0I MIG EF
O AIEEE HEolEAS HLot) HEotH MOSCh Fig. 2.130A HEH
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Fig. 2.14 RMD Ball Transfer Fig. 2.15 Short Circuit Transfer
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Chs2 8 GMAWSl Electrical Signal2t RMD-GMAWS| Electrical SignalsS

Fig. 2.160 LIELHRACE.
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CtS Fig. 2.170l RMD-GMAW Process &8 52| &2 L2 LIEILHAL.
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Fig. 2.17 elated equation of Rneck and Pneck during short circuit
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Otell Fig. 2.180IA Bt GMAWSl Short CircuitdlAl2l Necking Regionit
RMD-GMAWZS| Ball Transfer0il Al2l Necking Region= =& LIELHRULCE.
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*Millerit HlAI RMD-GMAW ProcessES JHE
DUES0| UL

ot Eet 2= C
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3.1 &8 AN=R=AME

(1) &8 W

2 HF0A AIES Mz= GTA2E RMD-GMA E&2 842 HOtat)| <k
QE A8 XN Letrx= 2O Carbon Steel SS400(FH 3mm)E ALESIA
Ct. 02l 8IS B2, GTA E838UAM= e (FEUSESSUA
HOHEl D A= STE0G ¥ 2% Thoriated Jt &R & Tungsten 1.63E AIE0IA2
0, RMD-GMA E&3F WA= (F)SEUSE2H0AM OS2 A= SM70 Solid
Wire 1.0 E AEstL

ANgES 2z & ol 37.5°4 T 75°2 SUACHMH, A8 ==
3tX100(L)X150(B)OICt. GTA & Z3FUANS ESIHA= Argon 100%E ALS,
RMD-GMA E&ZEHUA= SEINHAE MEoIRCH, EIIAS HIE2 Milleriit
HIZQ Ar. 80% / CO, 20%E Attt & XtAl= 1G(OtH £21)

&

I

mo gor
_O'j
:Q
a

AlS

HU - A

o

Table. 3.101 A& SS4002 =4&XIE LEHUHRALD, Fig. 3.10= AIgE2 2
AEE UHEHHALH, Table. 3.201= A8 R3S UEHHALH
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Table. 3.1 Chemical composition & Mechanical property of SS400

Material Chemical Composition (wt%)

C Si Mn P S Ni Cr Mo 7€k

0.16 | 0.32 | 0.008 | 0.013 | 0.03 | 0.04 - -

Mechanical Properties

SS400

Yield . Tensile . . .
Elongation Heat Condition | Density | Melting
Stress %) Stress £f.(mmm/m?°) (a/cc) Point
. cc oin
(MPa) i (MPa) coLAmmm £
312 37 450 0.012 7.85 1,473
zl
1 » ya
ya— g b —
(t) e’
W (B)

Ceramic backing material

Fig. 3.1 Configuration of welded specimen

Table. 3.2 Dimensions of welded specimen

Material Length Breadth Thickness Root Gap Bevel

SS400 100mm 150mm 3mm 3.2mm 37.5°
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Ot=cl 2 &g &0 HE & Pipe EE HAES M JHGHASH, 010
Zest ANEE S MESHH AdsS MAHHEUACH Fig. 3.22 Fig 3.30 Pipe
AE HE HES UEFHATH

7] 37.5°
Z 7722
L
1/16-3/32 in.
(1.6-2.4 mm)

LAND

GaJ;::I/Sin(3.2mm)—> —

Fig. 3.2 Dimensions of welded specimen and configuration of SS400 Pipe

1in. (25.4 mm)
TACK WELDS

Fig. 3.3 Tack welding of SS400 Pipe
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i

SS4004 M Pipe AlEHZ E&GHI| <ol 3.2mm & 201 225t Gap=2
3.2mm=Z &A&st & Fig. 3.30AXE 3Al, 6Al, 9Al, 12Al &8F0 Tack welding
S AAIGIQCH USez ==& A& 220 Arcel oHE Xl StartE @loll et

= Fig. 3.4

elE XclE ot W& A0 LHEHLH AUCH.

GRIND TO
FEATHER
EDGE

1in.

Fig. 3.4 Grind to feather edge for Root Pass welding

ot 22 AT ME HAZH S Fig.3.52 20| Jig¥XE 0125t Pipe &
AAISIFCH, 1GAANZE &2 dt)| fIol Rotating MotorE Fig. 3.52 %=

JZ0A PSE X0 Z2HE EFH 2 S0t =ESEES &AL

Fig. 3.5 Jig for Root Pass welding
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10-15°

MAINTAIN
DRAG

ANGLE \‘

Fig. 3.6 Pipe rotating & torch angle

Fig. 3.60IA =5E& S &AlotJl 28 Torche 2&E 10°~15°2 D&Es XS

LIEHHRACH 20A AlE2Z H&8t SS4004 M Pipell #&A= FcllotH

Ot cH
Table. 3.30 LIEFLHACE.
Table. 3.3 Dimensions of welded specimen of SS400 Pipe
Material Thickness Diameter Land Root Gap Bevel
SS400 6mm 200mm 2.4mm 3.2mm 37.5°

I8t Pipe AIES Ag3

E8 ZU% gl dHEES of

iy
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GTAWE 0|E5tH =&E
TH(OIHH)E Ol8a5tA D

& Al 0IH HIE(Back Bead)E Il 2IoH Mt 42

g 0IE , JtM= STE50GE AtE, Tungsten 1.602 AISoIU2
0, 23IJtA= Ar. 100%E AtE0HLCE Table. 3.40 &It ST50G2 =
LHEHLH RACE.

=ONES

Table. 3.4 Chemical composition & Mechanical property of ST50G

Chemical Composition (wt%)
Consumable C Si Mn P S Cu
ST-50G 0.08 0.63 1.14 0.011 0.011 0.13
ASME A NO.1 | <0.15 <1.00 <1.60 - - -
AWS A5.18
N ifi
ER70S-G ot Specified
Mechanical Properties
Consumable Tensile Test CVN Impact Test(Joule)
Yield ) Tensile
Elongation . o
Stress %) Stress -20TC -467T
ST-50G (MPa) ’ (MPa)
470 561 28.7 180 80
AWS A5.18 As agreed between
>400 >480 =22 .
ER70S-G supplier and purchaser
— 35 —
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RMD-GMAWE
2= ALEGHA
8:2 HIE2 Arit
S4dXIE LIEFH AL

Table. 3.5 Chemical composition

_‘
SM70= AtE0otRALY.
Table. 3.501 Solid Wire SM702

1.00

Ol=23dt ALt

& Mechanical property of SM70

Collection @ chosun

Chemical Composition (wt%)
Consumable C Si Mn P S
SM-70 0.07 0.45 0.96 0.015 0.008
AWS A5.18
<0.12 <0.9 <1.75 <0.03 <0.03
ER70S-6
Mechanical Properties
Consumable Tensile Test CVN Impact Test(Joule)
Yield . Tensile
Elongation . 5
Stress %) Stress 0t -30TC
SM-70 (MPa) ; (MPa)
452 540 28.5 140 110
AWS A5.18 )
>400 >480 >22 >27] at -30T
ER70S-6
— 36 —



= oo ZEEHS 26| Sl A M8 2 ZHl= O
=
TT

ot M2 Millerit 1cl1) SHSESSSUA HMSB8, SS400AIE

< Zmo H J
ZE8TS 9I8 HNO XACE FA 0 (S 20| HEGIUCH 12l
JhAs GTAWOIME Ar100%E AFSSHR D, RMD-GMAWOIAIES Ar. 80% / CO

1) GTA 8%

-GTAW : Millerit AC/DC Inverter TIG E& DI
-249H : Dynasty350

-8 Mg / MY 75Amp / 10V
—ESSNHA(REY) © Ar. 100%(252/min)
—Nicte SH2ITH(OIZHTH) ALE

Fig. 3.7 Welding system of GTAW(TIG)
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2)RMD-GMA &

-RMD-GMAW : Millerit MIG E&J|

-223H : PipeWorx350 FieldPro

-28 8% / &L : 80Amp / 16V
-E3NHA(RY) : Ar. 80% / CO, 20%(258/min)
—Nictel SH2ITH(OIZH M) S

RMD-GMA &2 && &H|I2 Installation Diagram=2 Fig. 3.80 LIEFHIILCE.

installation diagram

Fig. 3.8 Welding system of RMD-GMAW(RMD-MIG)

_38_
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3.1.2 &g

o

=1 d=z!
=

e
0K

X IDI_-I

= L

1) SS4002 M AMEH &2 £8ol)| oA, F BME JIES A AGHALH
IIEE2 & 220 ZASIFCH, HAHE Mt BHATNE AMSSIICH, 1G
Az 82 ol Gap=2 3.2mm Tungsten 22 02560 Gaps 23

ot

otHl Aot I8 GapsS &&ol= 252 Fig. 3.90 UEHUHASH

OlHTHE =&tet Z5= Fig 3.1000 LIELHRACE.

Fig. 3.10 Backing film for back bead of TIG welding
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2) & BHWMZE, GTA ET0UAM & ZH2 MilleritOlM =& 22 X240l
CtSt 201 8&StALCH AIE0| 3t 2<%, 75Amp, 82 10VE =
SEHE ot fst 2Ho 28 XHS HdHoI™UH, HETE o0
Digital clamp meterJ|2t Data loggerE 0IE6tH &g MFE =HoIUCH
Gap2 3.2mm, H&E22 37.5°, 5 JtA= Ar. 100%E AIE0IJA2H,

ST50G EJME ALE5HAL

3 M BMZ, RMD-GMA EZ0UIAL & =2 AAl MilleritOil A =& 2
2 Hieb 201 AIE0| 3tel & =

o
— [—
CTWDE 10mmZ HotRlh E& e a2 2 HUHCZ oA, B

[ ]
JtAE= 8:2 HIES Arlt CO, EEIIAE AIEGIU LD EJHM= ER70HE2
1.0 Solid WireE AtEotACH £ GTAWS AlE 1D S8 £24021 3.2mm

Gap, 37.5°2 2= HE0HALH

4) W HEZ, 2& &ES 0& =0, 229 JIAHE S
SIMNUTE =HOIRUCH o1& AlE2l Cross—head #H&E

080101 214Gt 3mm/min2 &FGIAUCH. L8t HIHA HE AIEIIE S

d-E FEoAL. 88 01822 JIAHE S8 EItot)| fot SEEX
CIEAE S AI%‘E‘(KS%’S KS B 0801 13A)S HMIZAGIHM JIHA S84 EOt
OtALCH Fig. 3.1101 AIEE XI=Z UEHHALD, Fig. 3.1200 AlgE &=
LEHEHH ACH

5) CA EMZ, 8& HYS 02 =0, 2= =I5 o 2R 22
SAME EAOIRL, =S58 AMEgsS Fol E8F 0IAS0H & 0E S AAlct
o OINMZ&ES DZEOHACH
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10
=
(e
280
6/ 120
& 5 =

Fig. 3.11 Dimension of test specimen

. Gap

Fig. 3.12 Configuration of test specimen
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et 2sJtA=E Ar: CO, =8 22 M

S GtALh

Table. 3.6 Welding parameters of GTAW(3mm)

GTAW

Welding parameter Values
Position 1G
Voltage(V) 10
Current(A) 75

Shielding Gas(£/min)

Ar. 100%(25£/min)

Torch Angle(deg)

Gap size(mm)

3.2

Bevel Angle(deg)

37.5

Backing material

ceramic material

Table. 3.7 Welding parameters of RMD-GMAW(3mm)

RMD
GMAW

Welding parameter Values
Position 1G
Voltage(V) 16
Current(A) 80

Shielding Gas(£/min)

Ar. 80% / CO2 20%(25£/min)

Torch Angle(deg) 10°~15°
Gap size(mm) 3.2
Bevel Angle(deg) 37.5

Backing material

Collection @ chosun
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3t Carbon Steel SS400 2 M2 EHZ0l HotM, B =E=2 Fig. 4.100 LtE

H Akashimt2l HM-112 HIHA &

OlH, 136° CIOIOI=E 1HIcHDIE 2XE AM2oIQL. 3 EE=2 ol 2&E=2
ElCtHE HOGIH OIMEHDE & LOIE(EA 4%, HEtS 96%)= 0l2adt0 OHE
(Etching)2 &l AlGHRICH
dE SEE2 28 0S89 HUHCO=zRH agsoz 0.5mm 2AFES=Z o=
0.2kgf, ol=KXIAIZ2F 10secE HBEE =HOIQUCH
S LIEILHKY D, Table. 412 dZ AED|Q At &8

- 44 -
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Fig. 4.1 Vickers hardness test scheme and equipment

Table. 4.1 Hardness testing condition

Parameters Values
Type Micro vickers hardness tester
Load 0.2kgf

Loading time 10sec

Test position

0.5mm gap from center point

{“/Collection @ chosun
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4.1.2 91 ¥

0y
i

e

X2
(=k=}

-

i

SS-400 3t ==2& (Root Pass Welding)AlEH 29| & 0ISE [

obol Rl AFEE (F)MTDILS SsSHEAIEIl UT-100F2L S Fig. 4.2
LH UCH.

Ol

i

Ct.

© oA

2

FAIEEHE ASTM E8M-04 =20 21H3HH Transverse &sfe =z HI&GH
2 AlE ST = KSHE(KS B 0801 13-A)0l 2IHBIH 3mm/min2 E&otd

Ct. Fig. 4.301 SS4002 =EBE&E= <8 Alg¥ 4= UEHHASM, Table. 4.2

O AISE S #A3S LIEHHATH

O (=)MTDIit UT-100F
O Load capacity : + 10tonf
O test speed : 0.0005~1000mm/min

Fig. 4.2 Tensile test equipment
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R —
V4 I
< i} v
4 1w =
/—‘_| L |\
‘ P
) SL

Fig. 4.3 Dimension of tensile test specimen (3mm)

Table. 4.2 Configuration of tensile test specimen

ltem W L P R T B SL

3t 20mm 80mm | 120mm | 20mm 3mm 30mm | 280mm

O W : Width O L : Gauge length
Val O P : Length of reduced section O R : Radius of fillet
alues
O T : Thickness O B : Width of grip section

O SL : Over-all length

_47_
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Table. 4.3 Bead profiles of GTAW (37.5° bavel & 3.2mm gap size)

Welding conditions
GTAW GTAW
Cross section
Groove Bead appearance
Gap
angle
Top
Bead
37.5° 3.2mm
Back
bead

Table. 4.4 Bead profiles of RMD-GMAW (37.5° bavel & 3.2mm gap size)

Welding conditions
RMD-GMAW

Groove
angle

Gap

RMD-GMAW

Bead appearance

Cross section

37.5°

3.2mm

ZICollection @ chosun
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RMD-GMA & Al Bead SNt LBtAOI GTA E& 20
B0l & £ QAUUSOM, Back Bead(0OIHHIE) HAl Fig. 4

1.6mm SHE OIHBIEO EdES

RMD™ Root Pass  TiG Root Pass

s

1/16 inch and tied into
the toes.

Fig. 4.5 Cross section of RMD—-GMAW test specimen
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Fig. 4.6 Comparative of GTAW and RMD-GMAW Hardness graph
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4.2.3 Ol HIZ=Z

Fig. 4.710t Fig. 4.82 GTA E&1 RMD-GMA E&E2 EHRE ZStallE=
OI85t0 2t JE 2FSE2(WM), 2SER(HAZ) el HE(BM)2 DIMIZE
s 2HEs AFMOICH

side plate =&0| GTA E&0l Hloh O ZZaHH L&

of

SHOZ Q3 O £ AT US 22 A0 BHE}, &
A

=

S =Y FOEDE Lo

Ferrite &=&0| Ciax 2HEst A2 2EOULH

Fig. 4.7 Micro structures in RMD-GMAW
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Fig. 4.8 Micro structures in GTAW
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tJl ?Iot0d ASTM E8M-04 IEAIE A0 246+

=252 A =gelkel
QIMAUT EHdS UEIHRAULCE Fig. 4.9 =5 & R2AHO=Z AEHS £8H5H 3t
SS4000 GTA & ¥ RMD-GMA &2 &S 2| Stress—Strain CurveE LIEHU

2 3.2mm, JH&2F 37.5°21 XA 0IM 3t SS400 Z2ME GTA € RMD-GMA EE
S 2Alet =, EERE S 620 2H A8 2, GTAWZ EE & AlES =
el gt=2 351.102MPa, RMD-GMAWZ E& & AlE2 x|0f o1&
£o BZ g2 349.993MPallCt. GTAW 2 RMD-GMA & Algl#
OOl 2ol a0 & OISR HEst Aeg mog = UUSH,

RMD-GMA E& 2| HAE0l GTA & WHHl & 7~-8%%=2 A= =QIotRUL

400 7
|:1T|G
1 — RMD
300 - m
—
&£ 200
=
Z
-
=
“2 100
0 - s —
I ' 1 ¥ ] ' ] ' I v 1 '
0 10 20 30 40 50 60

Strain (%)

Fig. 4.9 Stress—Strain Curve of SS400 TIG and RMD welds (3mm)
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Fig. 4.100 GTAW AlgH®<o QIFHAE = I & Z2&=2 LIEHUHRJLD, Fig.

41101 RMD-GMAW Al &2l TtH & 253 LIEHACH

Fig. 4.10 Fractured specimen of GTAW after SS400 tensile test

B swamimss’  §
B wesass 0

Fig. 4.11 Fractured specimen of RMD-GMAW after SS400 tensile test

_55_

{“/Collection @ chosun



A5 & Z

—

I.

H

AF0AM=

=
[—

= 3 W Rrr AN g Iostom & Nk o o) OH 00 W or <F
Wnﬂmﬁ K B oz oy ot ol S MR S M =
N = ol b = ° el
ﬁ_umMIm nH st w3 s H o™ NG g
o ~ ur gg 9 . 3 oS al I 0 " oo =
S 4T o ot ® Ho o ol 2 o
z 2 Y up <02 o = o 60 < of 00
o oK 0 — 0 O%. m._ = m ol DnﬂlM — = o
wow o h El oA T I
o LRy R = oo = M
ol _n.._M pre %0 I+ i0J o) o o ﬂl_ Ko 20 e KD ) = O] K0
T WS g Mooz o= ° < TR SR
= ®m SO T W o5 oA M 5o 2 x oo 00
S o E B oo g W =& o a9 . 5 < U
= E B KD g 3 o Uk o0 _ ™M a0 SV
SEgex . Wy o™ g Tmza K50
=" 5 %% 53580 az"” = xm wTRD
oS 32 = O 3 o Ty E oo m
n S W & © S D R o Wy = g2 W
reou S8 o SO S TR,
_ @ o 2= U = © 21U 3w o K0 O Tt ® 306 =
N3 gy Tz Haoom ol = m A 40
xS £ O W= R o= o K m S o - > > 4
ot @ ogrom S oU® =3 % 0 6 IT3
M = S o = Y w32 % - < @ 8 w ~ 9 - @
T exM Epzxo Wbag §HgtB ©-0g
Rl S & R = = m ol S S o _ m aoou O30 9 L
00 g o = ol Rl ol _ = z1 o U =
2 _ﬂm O A w_____ ok A0 20 W oo W = e mo i o= 7 w P
. B0 N - T 1ol o _H = o b
= K O H N = RI 00 J% ok O =y .Ar_. ! o m Mo ~ mOm _.%._ 03
a8 g3 T o S W £ oA =~ S |y o A U 4
W g =62 U s el S . T =
— 6 = O = K o - = = O 50 NS Py T N
S ©° B m o= 9 - Ul Y S %0 o R0 o ol on
o 0oy R oo oo Uio W& KD ©
RO oo Kl = & R0 Q or =] c SIE] [ o
[ [ = o D = = = —
o K Al Mo UF ol p A0 = . .
asﬁm__pa A Ao . < %3 ol @ K = R0oT T
g%m_aﬁ: mour - ook s o o<F = A2 o3
< o m = _ - x )
5 & = W o

_56_

Collection @ chosun



4) DIMZEZE EoF 20, & 9 EER 2F HIxs 249 Ferrite ZA0|
2ELASS = = UARUG. RMD-GMA EE2 EZ=HF0UAM Acicula

Ferrite2t Ferrite side plate =20 GTA &0 Hlol O ZYSHH EFHEZN
UO 0ledst DIMER EHo=Z 2ol RMD-GMA & BHAl0] O =2 8%
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M MBEUAM SOOI AIEE HMEA &H M & AXM SZM ZSEES
5t U= SS400 Pipe AIEEOI GTA S& 1t RMD-GMA E& S &Al 510,
RMD-GMAW Process2| &t 0l 22al5] FOHUCHE Z2WUE &el & == UULH
Table. 5.10l Pipe ZEE&S <&t 82& X2AHS LIEHARULCH
Table. 5.1 Welding Parameters of RMD-GMAW Process (SS400 Pipe)
Welding parameter Values
Position 1G
Voltage(V) 16
Current(A) 80
RMD Shielding Gas(£/min) Ar. 80% / CO2 20%(254/min)
GMAW Torch Angle(deg) 10°~15°
Gap size(mm) 3.2
Bevel Angle(deg) 37.5
Backing material -

Fig. 5.1 Configuration of SS400 Pipe
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RMD-GMAW ProcessE 0/Z0dlH Pipe & Al, SdYs2 ot& 82z &

HOlR LM, Fig. 5.2= RMD-GMA E& Z2&F 2 Arcga =S UEFHALH

RMD" Process

View from root side of pipe

Fig. 5.2 Congiguration of RMD-GMAW Process

RMD-GMAW ProcessZ Pipe =&5E& = Top bead €& % Back bead &4t
= Fig. 5.30 LIEFLHALCE.

Top Bead Back Bead

Fig. 5.3 Appearance of Top bead & Back bead in RMD—-GMAW
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@)

5o Mud HWE fIg &

TA 281 RMD-GMA

M5t0d O ZWE 0f2d Fig.5.4% Fig. 5.50 LIEFLISL
w B Stick Welding
infixed postion

TIG Welding
infixed postion _
= 3-5inches/min : = 3-Binches/min
« Frequent welder « Frequent starts
repositioning and stops
= More experlise = Extracleanup
RMD Pro Welding
in lixed postion

23:25

actual welding time
« Fewer starts and
stops
= Fewer passes

20:012

aclual welding lime

0 i

. F }n ‘ ) " |

Stick |5 TIG) — * RMO'Po §
4.5inches/min 4 inches/min IZIHBMSVIEHI

y N

Fig. 5.5 Comparative of bead on Root Pass welding
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