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Abstract

Shielding gas has significant effects on arc stability, metal transfer and weld quality in the gas metal
arc welding (GMAW) process. The double gas-shielded MAG (DMAG) and auxiliary gas-shielded MAG
(AMAG) torches are investigated for their capability to provide argon-rich gas mixture using small
amount of argon gas through the inner and auxiliary nozzles, respectively. Argon composition with the
DMAG torch is calculated numerically, and compared with the measured data using the gas
chromatography. Gas flow pattern of the DMAG torch is calculated to change from the laminar to
turbulent flow when total gas flow rate becomes larger than 4.5 liter/min at room temperature. While
argon-rich shielding gas was obtained using both the AMAG and DMAG torches, the AMAG torch
provides higher argon composition than the DMAG torch, which demonstrates that argon gas can be
utilized more efficiently with the AMAG torch.

(Received May 10, 1999)

Key Words : GMA torch configuration, Argon composition, Double gas-shielded MAG, Auxiliary gas-shielded MAG , Gas

chromatography
A del AHgEE B 72E CO% o2&
1. M 2 (argon) 7t2& & ¢ Ut} o2 7tAe 0|23 A
¢t (ionization potential)e] 27 W&ol o}=Z A4
GMA &3olA £417] 7Pé.v‘f SRR 4EE o] Bolst AFE LAo] ZHAst Aol RE
2183 ofAE AT E F&SF 3, AHgete 7F dIF HIEE AE F UARE 100% ol2EE St E

29 ZFd @} MIG (Metal Inert Gas), MAG  AF&3HA S3olx] Mate] wajo] o]HA Hrmg of=a
(Metal Active Gas), CO. €322 /% 72 o HgAol Aatdrt. CO, 7tae o2& 7h2o| H]
o 5ok £y & uwhet obA A vl=E FA st ofAt BbHdtn AdiE s}t FUbetn Ao
g F&oly Bzt AA GFS won, @A Sl TEE S F e 9ol AR, 7hA 7HF o] AFE

393 Journal of KWS, Vol. 17, No. 6, December, 1999




402 AHg3l 13 GMA 84 EAl 72

39

oA Abztato] AAJElo] Mz WAol &
ol3HA HlW &9lo] F7tete Aol Utk . ol &
CO.8t ol2 2 7h2e) A S nstd F 7h2
AR v g2 Egeld 7} 7tay FHE S F
lod of2& 80%% CO, 20%9 EF7t27t i
2 Ql oot}

ol2 &1} CO, 7t~ dox dAF (helium), O, He
59 7tak &5 wel A v &2 EFE AL
H3 gleh e ASddE CO, 7ta7) ol2E 7k
o vt mj$- A Asly] whiEol 100% CO. 7k2E At
g3t= 2497 gk a8y 100% CO. 7k=E AHE-st
E Aol 97} HollA A #elskA gkor, B47] 7t
zo e A AAe YA, £HEE, AP F
pA sl 23 e 7 Agsts Fo] ettt *Y

of2 & 7tx9l 71Fc] FUH R ¥7] Wil A2
oo o2& 7tAE AMEEIHEA ol2& 24 (argon
composition)°] ¥ #97] 7txe] AL @& F
JE GMA EX 7271 3EAch iEA d=
Fig.1(a)ol 29 nis} e o]lF =& EA (double
g & gloH, oe 2 72 E

it rlo

nozzle torch) &

= T
A& A £3tE 3 S DMAG (Double gas-
shielded MAG) &Folgt 2. o]F =& EXA
B B2 43 YR Y v &FE Bt 747 o}
233 CO, 7125 AT, ot FE olFg =5 E

2=5
g AbgEE A 4o ol2d 7tAE AMESt &
 sjolo] B3 o}2E TFsle F-RoA of=Te

Bl &S Z7E £ AT ©1F =F EXE ol 8%

Electrode Wire

41 I IS 7
v / “Workpiec
(a) DMAG torch
Contact Tube

Electrode Wire

Auxiliary nozzle

%
Y/ “Workpiec
(b) AMAG torch
Fig.1l Schematics of DMAG and AMAG torch

KEBIEHREEE $174 F69E, 19994 128

Agdzle] o3I olz & 7tAE 28% FT AL
o g&olg Ade 24 2 SHEA HllM A& E
2| A o2& 80%<l EF/IAE AMHESE MAG &
A7 293 AFHE 4& § U AR EaHY
9w Zy A Fojm 9ol (flux cored wire)E
ALgEtE RSO TES e AnE AU, o %
z:}° DMAG 339 Addz &7sta &4 T
Zo| Basle Al ot 7tx9) 3 Fo] Ha
‘%7] ) Fo] 7}2A2l £ Hlgo] EAEA B}
Aez 2348 BEX i 238 ~H4HE A5 A
Astodof 8l7] W&o olF =& EX7 HEFHA
o]—OﬂE}‘“

dutz o 2 ¥-97] 7129 fFo] ¢/ (turbulent)
ol® %?‘r (laminar)el ¥3te} £917] 74271 F919
Z7)9 gaetA EFEHERE B97) 7t29 fEel &
& A E RGeS AT GMA £35S A9
76]‘?‘0“ uige] d&gE Fol7] A% vt
E3) g7t AR e, Fehznt
SHAN SEHE B33P sty Fet=zel spas
BH3NA28 AEdAY, oA &3 7%
(keyhole) EEo|A dAete= EetzntE A A7)

A3l B2 =& AHEE = 3.
B ARgME o]F wE EX9 & u—% gata o}
23 722 g81 o8 A8 Y3 GMA €4 &

Ex F22M Fig.1(b)o] B BH=Z L:Zé E3
(auxiliary nozzle torch)E& A<t3tch. of223
CO; 7FAE ALE3IE o5 =& EXY 75 g
o].E_x_ zﬂo /\x]ﬂoi 74]/\].0}930:;1 ]2 A=
EXg B2 =& EXY o2& AL 7t A=En}
E# 9 (gas chromatography)& ©]&3te] 33}
o HluaHt, HAE 93t olF =& EAE
DMAG (Double gas-shielded MAG) EX], H%
»Z& EXE AMAG (Auxiliary gas-shielded
MAG) EXZ § 272 gt}

2. DMAG EX|0| CHSF =X allA] g

- od

T 259 71A7 E@Ee A4S FUsA s
HE A i &3 FF 3 é}* 4= A
3te} Askstoiof B0, ofA g AN & ofAst x|
Oﬂakg nestdol et aEu B Ao At

T3A1717] Y8t ALt 49 el EAgte of
As} xel dgg FAsH e, 7tx9 P:%% =
F (laminar) F522 7MsRth 7t29 Axs

9z o] whzt HElein, E37tAe HAHE T 7] Al
B AF2 7P Y. AMAG EX9 97

394



40

S}

497 29E.

Ho
oiN
it

7tEe 32 RELR Aol wj s B
7 AFA A stsint
ZUlA el DMAG EX|9A o|& 7|7} &3

ZHet7] el

HE @A Aaeteld olde dEAn $E4] 1
ik g Zojol 3t}
1

2 (pru,) +a(puz)=0 "
r ar 27
D(pu) ap a2 1a(m) o%
—Dt =_;+M(a_r(—; a1 ) Zz) (2)
D(pu,) 2
o= R L2, oy

2z ar r oar az?

aYA oY, aY | P aYA aZYA
U ——H, =Dy ——H—) ()
t ar Tra ar 2

olwf, pv 2=, ue F4, Y& AFEE (mass
fraction), D= 714 A, B (e}2&3 CO, 7}2) 3
o FiATE vedg. T 749 AT e
Fuller 5°] Altet AR & o] &3t Aibatgin} ™.

7] 729 fE5H 24E& FHH02 A
8t Simpler €a8lEE ©] &3 EL2D ZEE A}
&3t om®, FA Y Adddol HF AAZAE
Fig.2¢] YISt DMAG EX A ol2&, CO,
2 F719 3FFe] 71A7 EASA T, B AP e
of22% CO, 7hatrg 133, 27|zHeE A
A AL ol CO, 7tagte 2 AYA glon (o=
29 27) ARREL 0), 7h2 BEE ol2EF CO,
o Wy A= A3yt

2o ha BERAE AHEEt £ ALed
DMAG®] HA| 7}~ ekl 4.5 liter/min o] 7}
e Ao &7t gaEteg s §28 ZF A
%5 (turbulent flow)2 ®Esle Aow F4FHY
o gubE oz GMA &HA 947 7t2e f3LS
5 liter/min ©]4= AHE-817] W&ol AF2oA el 7k
FES GF v SR 3R Hol FeelAwt, &

2 WS B3 27 Qe fE

245 Ads] fetd zed 7pa
Ak, ol 7tae) Exrh F7kehE B
4 4L 37122 Reynolds 7} 4
gt} FF FGolA Ate] 7bedtr] Witk B 4
T A Table 1o Yebd 1000Ke] 7k~ BAXE A}
&3t FF dejellA 7t QEE ALEIT 7
7] 7k EF A4S BAE) ey °—"\—°ﬂ
ofgt i Fe &4t dFE Yelle FAY 9
Solutal Peclet 4 (Pe,) & AH&-3}S3 T},

i
far
}l_‘

; *;T
2
d

395

=U(+1.j) UG ) = Ui+, )
= Y{+1,j)

| 8 R()
o, inflow
outflow ——
UG43 =0 9
AN =U4 -
I = L‘(%‘Jj ~ L'(l,'J. b
Ui+ 1) UG, jy = UG, -1
Y, j) = Y. 1)
Y, j) =
Y, j+1)
Z{i} AN
10
v U )=0 UGp=0
Y. j) = YG. j-D

Fig.2 Boundary condition for DMAG torch

UL
Pe,= — “
Dy
o, Ux &%, L& 5% Zo] (characteristic
length)& Yepdc},
3 7tA HE &3 AE

AMAGSH DMAG EAE Atgste dAlste &8
7hag] cl2E HEE vtx A2nEINRHE o] &3
o S48t d@el AH8-st7] fiste] A Zg DMAG
EA 9] 729 A+E Fig.3el YeniA e, AMAG
EXs ot ok 84 EAY R WA 6.5mm<]
BE k3d $HA FHEM Ex w29 Wi
Ae 24T F =g dAA
7k i FE) fAdke Fig.ds A% Ao
Uehd whel o] FAM] (syringe), &2 A5Twlol
H, HLE o83t £F A9 £947] 7t2=8 A3
AT AP 7fAR2RH Jta A2vtEdN S o
&3t 7hne o2 RS FYIAT. Selo] &
24olE 14mm °l3, gojo] €L EAHZHE
5mm %olol THAT (CTWD=19mm). AMAG

:\9

Table 1 Gas properties used for simulation (1000K.

1 atm)
Properties) pensity Viscosity | Diffusion
Gas (g/cm®) (g/cm - 8) | coefficient
Ar 048 x 10° 0.5 x 10°
CGe 0.53 x 10° | 0401 x 10°
Air 0.3482 x 10° | 0428 x 10°
Ar/CO, 045 x 10° 1.27
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