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A Method to Improve Melting Efficiency of Deposited Metal of TIG
Welding by Specific Surface Area to Arc Side of Filler Wire

Hee-Seop, Shin

Dept. of Shipbuilding Systems Management Engineering,
The Graduate School, Pukyoung National University

Abstracts

Future growth industries ini'the world as.a nuclear power plant industry,
largely been focused on' the importance of welding technology has been
proposed. TIG welding in all materials because of the advantage of being able
to get superior quality non-ferrous alloys consisting of piping, pressure vessels
are widely used in overlay welding, but the problem is low productivity.
Hot-Wire TIG Welding:is. Filler Wire heated to near .the melting temperature
by supplying the molten“poolican increase. the melting rate. However, it is
difficult to be popularly used-because the device is expensive and difficult to
apply in some parts.

In this study, to improve melting efficiency of deposited metal by developing
a large cross section area and high specific surface area to arc side with a

Wire compared with traditional Cold-Wire.

Key Words : TIG Welding, Filler Wire, Deposited Metal, Melting Efficiency,
Specific Surface Area, Melting Rate
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2.1 GTAW process

obm SAWE ok PR o3 WAL DA 0000) 02 FHRE WP
A7l WHoRE ARAFA (SMAW, GMAW, SAW, EGW)¥ HIAR H=2
(GTAW, PAW)o. 2 FE3 5= It} Table 21 Z2A2 FRYE U7 Bad
M e
Table 2.1 Classification of various welding
i B e o e Tl M RN Ml
ESW. Agd | gEss | =Zex
PW
PW, RW S a8l e
RW
LBW =AM dEHSE | HRIgls
EBW =AM o EH S AE
_ 7t e
DFW ERERE T SERSEEREE:
A 7R GMAW
SIRERY GTAW
PAW e dE s 72
EGW
FCAW.
SAW
SMAW Sr=d TS Sk
FCAW
FW .
FW, SW e 29w LR AR
SW
CW : cold welding PAW : plasma arc welding
DFW : diffusion welding PW : projection welding
EBW : electron beam welding RW : resistance welding
EGW : electro gas welding SAW submerged arc welding
ESW : electro slag welding SMAW : shielded metal arc welding
EXW : explosive welding SW : stud arc welding
FRW : friction welding TW : thermit welding
FW : flash welding USV : ultrasonic welding
GTAW : gas tungsten arc welding
LBW : laser beam welding
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(2.2)

n : Melting efficiency of Deposited metal(%)

M : Melted Weld metal per time(g/s)

E : Requirement Energy for Melting Weld Metal 1g(J/g)
t : Weld time(s)

I : Weld current(A)

V. : Weld voltage(V)

geby B A7 72 FUE AWS dS o 2 T, Tuseke] 27%
Mgste] A gar. $43% SFER (oS 237 2ol Yot

M, E
T]DM DM~ DM 100 !

J- w # )

nom : Melting efficiency-of Deposited metal(%)

Mpwm : Melted deposited metal-per time(g/s)

Epm @ Requirement Energy for Melting Deposited Metal 1g(J/g)
t : Weld time(s)

I : Weld current(A)

V. : Weld voltage(V)
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25 o} 3% H| X H 3 (Specific Surface Area to Arc Side)

SSA = g (2.4)

SSA : Specific surface area(mm™)
s : Surface area(mm?)

v : Volume(mm’)

a4 Filler WireE AFE3lE TIG &% olA Filler Wire: & Wz og
g5 e Ao] ol ofa%e FE EHS Fa FHHoz d& A
E Filler Wired] 7 %9 187t a8 Fig27< 93949
ofF%e FWHS E4Fo = vEhd Zlolt

Surface area to arc side

Fig.2.7 Schematic of Surface Area to Arc Side
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s. : Surface area to arc side(mm?)

v : Volume(mma3)
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B ATNE wEAe]l AWAE $AF BRAe] Wiresh Hlmste] ofaz

o] ¥ (932 B-Type Fillers 7)'¥3l3th. Table 25014 98 @HS
A E 71E9 1.2, ?33.2 Wires} 7= FillerE ¥ 1 8F3 T}

Table 2.5-Comparison of Filler Wire

01.2 Wire 03.2 Wire ‘\\93.2 B-Type Filler
Electrode tip
Schematic of G
o e A ™
- 3.2,
Cross-sectional
area 1.13 8.04 8.04
(mm?)
rd
Surface Area 376.8 1005.4 16453
(mm?)
Surface Area to
Afc Side(mm?) 188.4 502.7 10054
Specific
Surface Area
1.67 0.625 1.25
to Arc Side
(mm™)
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Table 3.1 Chemical composition of base metal wt.%
C Si Mn P S Cr Ni Mo
Mild
0.155 | 0.163 | 0.455 | 0.0071 | 0.009 | 0.019 | 0.0101 | 0.0006
steel
Table 3.2 Chemical composition of Filler Wire wt.%
C Si Mn P S
(?3.2 Solid Wire
0.050 0.740 1.0 0.0080 0.015
ASME SFA 54
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6= tU#d XS AMESE BOP(Bead On Plate) &35 HAIGRoH o|wf
ETWD(Electrode Tip to Wire Distance)= Fig.3.2014 YEPA AA = =

= v

Ny
2

Al Wired] 4t 97149 A EZA 1mm=E FA5HA 0 Figl332 A3 S
EAHo g Yebd Aot

Table 3.3 Welding Condition for Comparison between ®3.2 Wire and
?3.2 B-Type Filler

Power Source Powwel DC TIG 500EP
Welding Current 300A
Fixed Welding Speed 50cpm
ETWD Imm
Shield gas Ar 95% + H2 5% (20 |L/min)
Varied Filler Wire ®3.2Wire / 3.2 B-Type Filler
B
z
o

Fig.3.2 Definition of ETWD
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a) ©3.2 Wire b) ¥3.2 B-Type Filler

Fig.3.3 Schematic of experiment
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331 Y3 @9 AL /1A= 7|2 Filler Wire$} 7128 Filler®] BOP H| 1

Table 3.4= (3.2 Wire$} (3.2 B-Type Filler zH0E 84 &

=oju g @S Ykl Aot 13 HE FS Ao E YElr] 918t

Z¥zrel W= F3} HlEzolE 207 AAS 5783kl Fig349k Figl.59 Yehhion
Table 3591 o] wj HI= F3} Bl=izolo] Hut, FFHUAE UehRIth
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Table 3.4 Appearance of Bead with ®3.2 Wire and 3.2 B-Type Filler

Filler Bead Appearance Cross Section

3.2 Wire

307.5A
18.54V

@3.2B-Type
Filler

307.1A
17.01V
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Bead Width (mm)

Bead Height (mm})

o

0 @3.2 Wire r‘
—— @ 3.2 B-type Filley

5 10
No.

Fig.3.4 Comparison of Bead Width

- @ 3.7 Wire ‘
—— @ 3.2 B-type Hller

o

10
No.

Fig.3.5 Comparison of Bead Height

Table 3.5 Comparison of $3.2 Wire and $3.2 B-Type Filler

()3.2 Wire

(3.2 B-Type Filler

average | standard deviation | average | standard deviation
Bead
Width(mm) 7.19 1.00 8.56 0.51
Dead 5.46 030 524 012
Height(mm)
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W A

Table 4.1 Chemical composition of base“metal wt.%
C Si Mn P S Cr Ni Mo
Mild
teel 0.155 | 0.163 | 0.455-{-0.0071-0:009 | 0.019 | 0.0101 | 0.0006
stee

Table 4.2 Chemical composition of Filler Wire wt.%
C Si Mn P S
(#1.2 Solid Wire
0.090 0.95 1.60 0.015 0.020
ASME SFA 5.18
(?3.2 Solid Wire
0.050 0.740 1.0 0.0080 0.015

ASME SFA 54
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Table 4.3 Welding Condition for Comparison of Melting Efficiency of Deposited Metal

Power Source Powwel DC TIG 500EP
Welding-Current 300A
. ETWD 1mm
Fixed : .
Shield gas Ar 95% + H2 5% (20 L/min)
Aspect ratio 0.125
Area of Deposited Metal 8:00mm2
D1.2Wire . 30cpm Wire 213cpm
Varied D3.2Wire V\éeldlzg 35 cpm Feed 35cpm
®3.2 B-Type Filler pee 50 cpm Speed 50cpm
3
2
Bead Width k
V.
T

Fig.4.1 Definition of Bead Width and Bead Height

_ Bead height
Aspect ratio =—— X (4.1)
Bead width
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Table 44+ (312, ?#3.2 Wire®} (332 B-Type FillerE AF&3 TIGEF A
8mm29] {FH A 01259 FAHHIE 7H EHRIE=E @I dHs UEd
Aolth,

Table 4.4 Appearance of bead with Variable Filler

Filler | , Front Side |~ Cross Section

1.2
Wire

®3.2
Wire

32 &

_—

B-Type w - .

Filler

e
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©1.2 Wire 3.2 Wire ©3.2 B-Type Filler

Type ofFiller Wire
Fig.4.2 Melting Efficiency of Deposited Metal of each Wire

AP A3 g5 £4aSS 01.2 Wire, 03.2 Wire, ¢3.2 B-Type Filler
2}7} 5.42%, 6.15%, 9.46%% FERRETE

?»3.2 B-Type Fillere= ®3.2 Wire®} 53 dHAHS 7 A 5t o}=Z H]|EH
Aol 28] E7] wWiEe] Hth ¢ ¥ ofFZqUAE 53t &EAFE §8EE
o] 1.754] =A Yebgtth 28y vEWHA Y] JFUES 1HAS o 1.2 Wirew
®3.2 Wire Bt} 2,678 o =7] wjZol #3.2 Wire Bt} &2 &2 &
o] ol FJot d1.2 Wire: 3.2 Wire BT ¢k 0.73% 22 8335 8§35
o] el e ol 543 &3 dud A4S 25t 032 Wire Bt} oF 7
Hj

Fe $E559 9oz Rusg.
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100mme] A2 2-10x10%x22} FHAE o} =y
YERR 3L Fig 5.

™, Table 5.1 AIRAS

Sk e

YEF AE 43

sl 10X109] 52l

=
Table 5.1 Experimental Condition for Heat Input by Travel Speed
Power Source Powwel DC TIG 500EP
Welding Current 300A
. Arc Length 3mm
Fixed Shield gas Ar (20 L/min)
Thermo couple K-Type
Sampling frequency 10Hz
Varied Travel Speed S5cpm ~ 100cpm (20 levels)
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Thermo couple(K-type) i

Cupper(10x10) 4

100 "

< .»-F-. =

Fig.5:1 Schematic of Heat Input- test
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Assumption

1) AA otz YA A ZFetzv tiR, 7F2 iR/, BEAMIUAIZE 23R8k
H &S Z+7} 80%, 10%, 10% ©]T}.

2) ol IAF Ho= 207]9 FROE o] FojA %14

3) Energy flux:= AFE=ol Hasle BFL=E Oh o Ao merh
4) ob=AREA L 2mmolw Fek=vl tifFel &3 JFL2 ol x| BAIgle]
gttt

5) Filler Wire:= 3 o]tk

6) Contact Tube B @A ol= FA7FA2] A= 10mmeo]th,

Contacttube

Fig.5.4 Schematic of assumption
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A (5.1)9] Hiws Wire7} ol 25 We FULLFS Yebdo 2622 =t
zrp tifel o8] e JdLdFS, H(G3)2 7k=d Qd HFE <
UERE, 2(5.4)2 BArde] oste] W Jd#98 Yehd

H

total

Lo, XWX,

F

c
e
o
ue
oft
o

= Hc,p +Hc,g +H, (5.1)

wire arc

VX ALI}”C

L.l
HC _ .rupper cg”arc side zdl‘ (5.3)
0 4z (10—v1)

20

HR = Z (larc sideQR~i) (5.4)

i=l1

Ly, sin(tan”'(z,/d)
dr(d —r)=vt)’

QR~1'

(5.5)

20 4 -1
H, = Z J. ICye Le, Ng{HE(] /Zd ) dty (5.6
i 4r(d —r,)—vi)

Hiotar : Total energy input into the Wire(J/mm)
Hcp : Energy input of plasma_convection(J/mm)
Hcg : Energy input of gas convection(J/mm)

H; : Energy input of radiation(J/mm)

Lcp : Energy of plasma convection(J/sec)

Lcg : Energy of gas convection(J/sec)

L; : Energy flux of radiation(J/sec)

Qi : Radiation flux received by surface(W/mm?2)
li : The direction vector from surface to arc(mm)
v : Wire feed speed(mm/sec)

d : Distance from contact tube to arc(mm)

dexp @ Distance from Wire to contact tube(mm)

larside : Arc to arc side length(mm)
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welr] &5 Wirerl Bt FHEHFS 2(5.2), 21(5.3), 2(G4H)E EF YT 4
RS Rt
ch ><VVwire XVI{zrc
[{input :HCp +HCg +HR = v Aarc
. 1 Zl
L.l 20 L, sin(tan’(-))
pper cg arc side vt _
+,[) 2 I+ Zlarc side 2 -
47 (10—v1) —, 4 ((d—r)—vt)
L VV;vzre Vchzrc [ LCglarc side I
+ upper
vxA, 40t =10).
2.0 2
Vi +Z
+[larc sideLRiZi ( (5.7)

@*=2dr +z” # ) (d +vi +7)

~((d NV +z, og(d — WP —2dr; +2" 477"

(d vt —))d* =2 +z” +1:")"” +((@d =)

V427 log@u(@® —2dy +2° 417)

(\/ d* —2dr. —Ziz\/ Vi® +z” +dvt—vir +Zl.2)))

d* =2dr +z,” +17 V') /(4 t,/ +1) e
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Fig.5.6 Simulation of melting rate with heat input
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