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The study on the effects of shielding gas and wire
composition on the workability and mechanical properties of
weld metal in GMAW

Jae-Hyung Lee

Department of materials processing engineering,
Graduate school, Pukyong national university

Abstract

The factors affecting workability and mechanical properties of weld
metal in GMAW such ‘as shielding gas, surface active element(S),
specific resistance of wire were investigated. These factors were varied
independently to get" different welding characteristics. By increase of
oxygen content in weld. metal, toughness of weld metal was decreased.
By increase of surface active element(S), surface tension of weld meta
decreased. And by different surface treatment of weld wire resulted in
different specific resistance and thus showed different deposition rate.
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Fs : surface tension
Fs : bouyance force due

to vapor pressure

Feu: electromagnetie force
in MAG welding

Fic: electromagnetic force
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Fig. 2.4 Behavior of surface active elements in weld pool
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Table 3.1 Compositions-of-Shielding gases

T % 7t 1 b2~ 2 7}~ 3 b2 4 7k~ 5 7k 6

7V2=EF | Ar 100% Ar-2%02 | Ar-8%02 | Ar-2%CO; | Ar-10%COz | Ar-15%CO;

3.1.2 ANEAY 4=

Aol Abg® g7HA= A"Helg A 30990]9] (AWS ER309, A7
1.2mm) S AFg3ke] thold DIGITAL PULSE50088dYo = g4 3
om, sfojo] ul Aol g} dES 20 sttt



Table 3.2 Chemical Compositions of Welding Wire

and Base Metal

T 5 C Si Mn P S Cr Ni v 11
AWS 0.3~ 1.0~ 23.0~ | 12.0~
0.12 0.03 0.03 -
Spec. 0.65 25 25.0 14.0
ER309 | 0.07 0.5 1.7 0.02 0.004 23.5 12.7 | £}eo]of
STS 304| 0.05 0.46 11 0.02 0.02 18.3 8.3 A
8 ofgxnr] €3 Bead On Plate(EA STS304L, 9mm
Thickness) 2 o2 PFEoH, FHEES AF, dgdes &AL
3l gl skt
Table 3.3 Welding Parameters of MIG Welding
LA e
7 2 AF(A) A (V) 7o e 0 3
(cm/min) (I/min)
z 71 200 24 45 20 teto] 8y
z A2 270 34 45 20 Spray ©] 3
T MIGEHT gEe] xddydsied ] 4Aa(0) o 93-S wo
Als] dotrz] flste] E7RE ARESHAl ¢+ TIGE 4= Bead On
PlateZ &3t o, 1 854S Fdolg 3tk
Table 3.4 Welding Parameters of TIG Welding
; Tor $HEE h |
%:—1_ ;\(_E A ;\(_o Vv H| 1
v A F) 1 cmyminy | (/min)
32mmA =
z 71 220 - 20 20
(60%= Z+=)

3.1.3 AIFAY ANFFE L F7PEH

ABFE B G e obelel E501 Pelatich



Table 3.5 The method to estimate welding characteristics
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Table 3.6 Chemical Compositions of Welding Wire

T C Si Mn P S Cu H 1
KS 0.55~ | 125~
<0.15 <0.03 | <0.03 | <0.50 | YGW12
Spec. 1.1 1.9
AFA1| 0.058 0.90 1.54 0.014 | 0.014 0.20 -
Al&@A2| 0.051 0.95 1.48 0.013 | 0.025 0.20 -
A @ A3| 0.055 0.91 143 0.015 | 0.022 0.16 -
3.2.2 A18A 9 $R8xA
Ao AtEE E7HAE 9 2 FE & Eelolof(YGW12

Type) & Ak&3sto] tho]dl DIGITAL PULSES00&FdEL
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Table 3.7 Welding Parameters of MIG Welding

L35 =
T & A (A) 2k (V) AF§ 72~ ] A
(cm/min)
z711 200 23 120 CO» wgho] 3
Z7A2 200 22 100 Ar-20%CO; ko] 3
z73 350 32 40 Ar-20%CO; Spray©] ¢}
TIG&H
Z714 200 16 20 Ar100% B .
(EHFE A3)

3.2.3 AdAY ANAFE B FI7PEY
Al dE g7 & ol o] 89 Aottt

Table 3.8 The methodto estimate welding characteristics

A = 37} 1
Arc oFA A 1. Arc Monitoring System=-¢] &3 &893 =74
2. Spatter® A2 3 H7HIAE: Imm7]+)
Bead 37 N&ZAo] W L9|8AF (M mE, o] 29]) =7
Q9 =LA _g_ = o] = SN
dooje] mugy | PerIE® AERESOl IS A @
TIGE 3 (Inagaki?])

2.9 TnagakiSo] Aetat A& 1 AN LS ALkl AAEdon
WS Fig, 3. 1] YeRy ek
= Fig. 3. 19 HoIXE= ule} o] AldAe ALAZES go]H

_11_
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Fig. 3. 1. TIG welding method of tapered steel plate for

measuring of surface tension.
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Table 3.9 Chemical Compositions of Welding Wire

T T C Si Mn P S Cu H 11
KS 0.55~ | 1.25~
<0.15 <0.03 | <0.03 | <050 [ YGW12
Spec. 1.1 1.9
Al @A | 10.051 0.95 1.48 0.013 .| 0.025 0.20 -

3.3.2 N@A9 A=A
Aol AkgE &Ml A B AFHAE S8l o(YGWI12
Type) & AM&3te] tho]#l DIGITAL PULSE5S008Hddo® §453
o olgfr 7] &2 Bead On Plate (A SM490, 9mm Thickness)
2102 AP90ov], SRS #1090 4
elehalet.
Table 3.10 Welding Parameters of MIG Welding

;(-]oLC _Q_;G Z. 7]

=
;S_TI_ HIa-1T T

THEE
T2 AH(A) (V) ALg 72 Hl 3
(cm/min)
Spray©] &}
=4 350 32 40 Ar-20%CO, Py
(EHaE/EE)

3.3.3 AAA Y ANAZE L BV
AP Bl F7PH S ok E1lel skl
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Table 3.11 The method to estimate welding characteristics

A g F7F W
1. gfoloje] AV eEs SATS A AL
gtolo] HjA g (42 o] g)
=71 AATA WA S ]

2. ol
$AET (g/min) | E9 2AN) WA 3 v w
&

834E8 (%) |BY 2AIAY sholo] Axee] d
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4.1 Au7kze] BE $AE

2 7~ mE SR 5SS Al¥cskeE 3 P72 kA 3.1.3
of A8t SAEHSF HESTA 45 &HFE Emission Spark
Spectroscope, C/SEA7], No/O. X715 AFgsle] %13 22 A&

At

4.1.1 ¥ 7}2e] e 3P E vl

Table 4.1 Chemical Compositions with Different Shielding Gases

- 3} 8hd - (Wt%) o
C Si | Mn P S Cr Ni N o)
STS304| 0.05/| 046 | 11| 0.02 | 0.002 | 183 | 82 4 - = A)
ER309| 0.07 | 05 | 17 | 0.02 | 0.004| 235 | 127 | 0.030 | = - £ 7}
7F2<1 | 0.064 | 043 | 1.68 | 0.022 | 0.009 | 28.58 | 12.69 | 0.038 | 0.022 | Ar100%
7F2<2| 0.066 | 041 | 1.63 | 0.022 | 0.009 | 28.83 | 12.76 | 0.049 | 0.064 | Ar-2%O>
742231 0.063 | 037 | 1.52 [0.021 | 0.009 | 23.66 | 12.84 | 0.055 | 0.124 | Ar-8%0O
7}224 | 0.066 | 0.43 | 1.60 | 0.022 | 0.009 | 23.66 | 12.85 | 0.048 | 0.048 | Ar-2%CO,
74225 | 0.084 | 040 157 | 0.022 | 0.009 | 23.78 | 12.87 | 0.048 | 0.081 | Ar-10%CO,
7}2<6 | 0.085 | 0.39 | 1.56{.0.022 | 0.009 | 23.92 {12.79 | 0.05 | 0.088 | Ar-15%CO,

4.1.2 i]-ﬁlﬂi:"ﬂ w}% %%lf‘ﬂ’e} o] A
A7 o] A S A0l Absdo] FUhsho]| ulgl f3E S A9
MNrTE Z7lsls Aas ok 4.1.19 Abe] e ST
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A< Bead On PlateAHAE AAISto] 4552 ddg Ads 28
of 1 Aol % PG on, 1 Aske E2o) vehfgin,

Table 4.2 Weld Bead Cross Sections with different Shielding Gas

79 7} 22
T B
Ar 100% Ar-2%CO, Ar-2%0O; Ar-10%CO, Ar-8%0;
&4
1.0 1.75 1.43 1.35 1.35
(D,mm)
= (W, mm) 495 4.88 5.25 5.13 5.68
D/W
0.20 0.36 0.27 0.26 0.24
Ratio
/\]_5\_%]— 2k
%) 0.02 0.05 0.06 0.08 0.12

271 Aol d¥ g8e dist

Ar=2%CO 2 A7k~ 5 ARRS 84, 5

500PPMQ! - o] 7k 242 &40 Hol sojid & tA] £9
T A%s JEhga Sl

oJ A kA ol Aol M el B FARRE Al o R Aba o] o
o] ol 5 A= o= W AkstEo] AYH I o]F &4
01 S ABES S8ECA DO E EAET ol AstEES &4

= Wellsks o4 Agsks R B He o, V] Alde daE

Fig. 4. 1e] YehfSlch
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Table 4.3 Welding wave form measurement results

with different Shielding Gases

A} 5| 7} 2
T
Ar-2%0, | Ar-8%0» | Ar-2%CO» | Ar-10%COs | Ar-15%CO,
AR (A) 201 198 189 193 192
ASHV) 23 299 24.6 241 24
EEER
N 109.2 1187 57.2 101.7 113.4
3/ %)

Table 4.4 Spatter Generations with different Shielding Gases

Spatter % Al 7k 2
(©) Ar-2%0, | Ar-8%0, | Ar-2%CO, |‘Ar-10%CO, | Ar-15%CO,
D<1mm 0.098 0.407 0.637 0.298 0.302
D) 1mm 0.010 0.113 0.210 0.033 0.025
Total 0.108 0.520 0.847 0.331 0.327
X9 47, Arell A (02) & o]AFSRFA(COp) o] TS T7HA
A4s S g7kl AbAFo] soldas dEslgrt sojus Ade
At ol EHFE(FA) Well Abado] F7star o]o] whehd §7 9
EAGEE "ojx A7H oz geb3lpr sojd 3103 mpetg)
T3, AAHRZE 0725 AMESE A7t CO7FAE AMEEE 49
Hlgto] @eslgrt W Aow yehgon o]E CO7FA9 @] &hE-o
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G2 7]7] e e & o] "Hesta old uf
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4.1.4 A 7tE BE 35S 7ASHA vl
A 7k2o e EFAEEFY VA8 AE 4 AHIFAE o] &5
Deposite &= AAsto] A =52 AT ES} Vx| T3S vl
WAl ow, I A= E4 ol YEdt
Table 4.4 Mechanical Properties with different shielding gas

AFZ=. | A8 THA AL O)yRE | F(C) FHF

/\]_%_ i]-i?ﬂﬂ-_/_: S ‘o 5 Oﬂ‘ T—: ] (0) (¢} (0) (¢}
(Kgf/mm®) | (%) | (20C,)) (%) (%)
Ar 100% 62.1 33.8 118.6 0.022 0.064
Ar+2%0O; 62.2 36 94.1 0.064 0.066
Ar+8%0O: 62.7 32.6 73.5 0.124 0.063
Ar+2%CO; 61.5 33 107.8 0.048 0.066
Ar+10%CO> 63.2 34.6 83.3 0.081 0.084
Ar+15%CO> 63.7 30.4 78.4 0.088 0.085
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ok

Astol S7hshe g & 5 Ak

whebA], zbE| 7EA U o] o] AbStERA (COg) B o] B0 s 359
AAEE STha ALY dobd S vlFo] A2 & 5 qrk
0.38 T T T T T
036 - 0 o - 0.12
0.34 4
1 L 0.10
0.32
] O
o 0307 . L 0.08 Z
B 028 " o
2 ] . 0.06 2
= 0.264 J 4 006 2
= 1 ./ \ a_;
0.24-_ o o0 S
0.22
1 —{— D/W Ratio
0.20 4 ~ —8— O, in Weld Metal(%) L 002
0.18

T T T T T T T T T
Ar 100% Ar-2%C0O2  Ar-2%02  Ar-10%C0O2  Ar-8%02
Shielding Gas

Fig. 4. 1. Depth/Width ratio of Weld Bead Cross Section
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Fig. 4. 2. Welding Wave Form with different shielding gas
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4.2 £RAEY 3F(S)Y zold W LHEA

4.2.1 $£RAEY 3(S)9 Alo]o] W ofaMFAY H|w

SAANET F(S) 9] Aolo wE EHEALES AlFste iy U FHIH
HE& oA 3.2.39 28R 3% 59+ Arc Monitoring System= ©]
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Table 4.5 Welding wave form measurement results

with different S content in welding wire
o} g 3] &=

gl T
T 2 A5 (A) AV o Hl
3/ %)
AdA 1 197 22.8 90 S: 0.014
Al A 2 195.8 23.4 98 S: 0.025
AdA 3 196.2 23.2 92 S: 0.022

3% 5ol BojAl= uief o] §eaHe A d&F2 VA= S
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T oM A3 Y Jew Hojin

w3k §3%F SpatterZ A AFHY AAE (Imm 7)) E SH A
ow 7 A¥E % 60 YERIT

E60A BojA = visl Zo] 219 A5, & COE AH7IAE AFE
sto] AT dold] oM & Ayt S(E) Y ol 5= 7
= Immeold iy e] Agfje] ¥dto] ofyel Immy]Rhe] AF o] AdE
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2 AFES] AW wEold A SH% Ao S(3h) 9 ghako]

F2 R AdEZo] Fopt ARE melFa Utk
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Table 4.6 Spatter Generation Rate with

different S content in welding wire

Spatter Generation rate
TR (g/weld metal 100g) v 1
1mm ©]% | Tmm v 3 Total
x71d1 1.8 7.3 9.1
AlEA 1 S: 0.014
x7 2 0.8 10.5 11.3
] x711 0.7 52 59
AdA 2 S: 0.025
x7 2 0.6 9.5 10.1
xz711 1.4 7.1 8.5
Al 3 S: 0.022
zx1 2 0.7 9.8 10.

5
Az vTol SO gael xer % fololiwel 4% 84

o] o] opr &Ao] GgEol olBE = £ GHIFIL WolH]
w g52) ofgi] FeEol ALl o B FopA 19 we e o)
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Table 4.7 Welding Bead Cross Sections with

different S content in welding wire

(+9:mm)
2 om Z £+4 Depth/Widt PRSP W w
(Width) (Depth) h Ratio

Alg A 1 13.9 8.4 0.6 S: 0.014

Al A 2 13.9 8.8 0.63 S: 0.025

AgA 3 13.8 8.6 0.62 S: 0.022

% 79] dehioll whel Zo] SAAR N BS) O o] wE4E &
Ha5e &<¢o] dojxu &9 Fo) vl (Depth/Width Ratio) %3+ &
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Table 4.8 Surface Tensions with

different S content in welding wire

Surface Tension S gz .
T2 3 AlFAYEA v
(10°N/m) (%)
AlFA 1 1038 0.014
AldA 2 987 0.025 — f ,
Al @A 3 1019 0.022
Al A1 AFAA3 | AP A2

% 8ol thehjol R nhgl Zo] A A Inagakiso] Al W ow
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° }\] 3
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2
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Table 4.9 Specific Resistance

with different surface Treatment

T 5 B A (g Qcm) H] 31
AlgA 1 32.8 FEF 9olo
AlgdA 2 34.6 FEF 9ol

% 9oA ERoIX = vl o] U RS kRl gloloE
e o 9olofg) v Eas sHA @& slojolE Al xste] B A S
stglom, I A gholo] M| & Eus sHA ¥

2711 A & (Specific Resistance) 0] & o= gt gojole] njsto]

At e
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flo 1o ox
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A W) Wgow shekh,
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Table 4.10 Deposition Rate

with different surface Treatment

T Deposition Rate(g/min) Hl 11
AF A 1 118 TEF Sholof
A1 A 128 T3 9}o]o

= 9lojo]o] &85 2159 Extension dolo] vldsls Ao TY
oA Extensiondol|7kF A45F AFAL2 Skt 1o mebs glo]o]

o gH&E EE Bep ) = Rold

£ sdsE oA} gle]o] AN dig RFFEHQ] SFES
(Deposition Efficiency, %)l thdt A& Ao 7 A3sE *

11ef Yepf it
Table 4.11 Deposition Efficiency

with different surface Treatment

Deposition Efficiency

(%)

oy
M
=
f]

AlEA 1 98.4 =53 9olo
A @A 2 98.7 Feg 9kolof
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