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Analysis of Dynamic Behavior in GMAW System

Jae Young Lee*, Jae Hyung Choi*, Ji Hye Lee* and Choong Don Yoo*
*Department of Mechanical Engineering, KAIST, Taejon 305-701, Korea

Abstract

Dynamic behaviors of the GMAW system are simulated using the short-circuit transfer model and the
characteristic equations for the power supply. wire system and arc. The conventional wire equation,
which relates the rate change of the wire extension to the wire feed rate and melting rate, is modified
to include effects of the molten drop attached at the wire tip. The modified wire equation describes
behaviors of the GMAW system more precisely and provides information about the initial bridge volume
for short-circuit transfer. The proposed short-circuit model predicts the variation of parameters such as
the current, voltage, short-circuit frequency and time considering the effects of the surface tension and
electromagnetic force due to current. The calculated results are in broad agreements with the
experimental results under the argon shielding condition.
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Table 1 Constants used for calculation

Mass density, p 7800 kgm™
Kinematic viscosity, v 2.8x107 m’”
Surface tension coefficient, y 1.2 Nm™
Permeability, po 4nx 10" Hm™

0.2940 mmAs™(GL)

Wire melting coefficient, a 0.2383 mmA™s*(SP)
0 mmA's"(SC)
4.61x10°A%"(GL)
Wire melting coefficient. b 4.60X 10°A’s"(SP)
6.27x10°A%7(SC)
Power supply resistance, R 5.0 mVA™
Power supply inductance, L 0.35 mH

Constant component of arc voltage, k; | 16.24 V

Electric resistance of arc column, k, | 0.02376 2

0.553 Vmm™,
6.395x10*VA'mm"™

Electric field intensity in arc
column, ks, k4

A7l Hdl £3o] 350A% AHE (inverter) E+Y
olml, A7 1.2mm% 72 &Hstolo) (YGW-15)¢
ol2F 7t2E AMEE SS41 Aol H|E (bead-
on-plate) &3-& 34tt £H¥xHe2 CTWDE
15-25bmm, &HAFS A¢S 4 150-290A%
18-34Ve] Heol - M3 AT %%j ARt Ay 4
golo] FEEEE =3 or, AFe Agte =
3 9 #E A2 HEY FLoly EE% st
ol AF, AL E $£FEEY Ao A Y H
¥ 3 Z(cut off frequency 150Hz)2 Aalstan
4KHz9 BE3 Fo¢2 152 F¢ dHolgE =
At
Fig.3& 9ol £F4%E 156.1mm/s, CTWDS
19mm, $HAYS 32.0VE £4327148 dAsln =
B 2xgo] Ruo] AF9 A 33 Vel
Byt AR AdE 343.2A9 32.7V ot} Ay
LT 2UAA &7V NLALE 32.0VE AR
a1, 71&9] gtolo] 54 H £HH EAA L o] &
3t AN A3E vl wste Fig 49 Jehidch 4
FE golo] BFAE AT A, &3 0] golo] B
oA o]gste w3t ol o7} Frtstea £HAYL
F7¥tn ARe AEHY. 23y 7189 B4
1S A3 39 A4 E ojgo] maHRA ¢
o AR AgS FALHAAN 341.1a9
30.3Ve] 4@ gS fARee R g AdEYen,
o] & FHE Aoz 73 Avte] Pz
S—**ﬁ% o] &3t A B FHAF
22 8% oWl A ARt

4007
390 ]
3807
370
3607

350 7]

340 :NVM\AMWW
330:

320 v Y

0.00 0.05 0.10 0.15 0.20
Time(sec)

Welding current(A)

36
341

321

30 1

Welding voltage(V)

28 T Y T
0.00 0.05 0.10 0.15 0.20
Time(sec)

Fig. 3 Experimental current and voltage waveforms
in spray mode

400
7 - - =~ Using conventional wire equation
2 390 R Using modified wire equation
= 380
= ;
£ 370
1] <
g 360
2 350
= 4
330+
320 T

0.00 0.(‘)5 ' 0.1’0 0.15 ' 0.20
Time(sec)

36

35 ]

34 ]

- === Using conventional wire equation
Using modified wire equation

Welding voltage(V)
I

000 005 010 o015 o020
Time(sec)
Fig. 4 Calculated results in spray mode using
conventional and modified wire equations

Fig.5& 9}olo] $34 %2 104.3mm/s, CTWD7}
25mm, £ ALE 27.0VE 32 S dAsln =
B3 AL8A Reol AFo A 3¥E Yo,
B AFY AGL 207.3A9 27vVelth, L& =4
AA &F87] AL 27.0VE dF 81, 7129
solof B3 A E 9ojo] EAAE o] &t A
g A8 vwsle Fig 69 Jehidch. areA
Rodie & &40 W T2 o|gHug AF
H Ao WFZo] Hlzd A 7]E9 gojo] EA

Journal of KWS, Vol. 18, No. 5, October, 2000



GMARH AN2ge] 54 AT e &Y

45

& AT g old §Ao] vehiAl ¥a AR
9} AYE 214A9 25.9VY] AT & 7HAH,
B FEE 5442 Agste B9 B #3AFS
AL Yttt AF Age] AFFHo] I R
2 A9std geE meo AvA FAe 22
ol =9} fatste, AR TS AYPAtE 24 8%
ojfell A AR tATt.

z 2801
] 4
§ 240
e MUAAA NN
o 2007
By
o
5 1601
@
= 201
0.0 1 2 3 4 5
Time(sec)
30
2 284
@
I e A it i VT T 2™ N V%
2 264
f=]
-
w241
£
S 224
=
20 v : . -
0.0 1 2 3 4 5
Time(sec)

Fig. 5 Experimental current and voltage waveforms
in globular mode

—_ L [ SR Using conventional wire equation
:15 280 p Using modifled wire equation
et

5 240

& i

3 .-

o 200
&
= -
< 160
= p

120
T T T T
0.0 1 2 3 4 5
Time(sec)
30

— D T A Using conventional wire equation
= 28 Using modified wire equation

=

AW

<

=

=]

g 1

?_:f 24 1

= 1

=)

= 22 ]

20 T T v T ™ T v T v
0.0 1 2 3 4 5

. Time(sec)>

Fig. 6 Calculated results in globular mode using
conventional and modified wire equations

olo} 7L A}RRE AZgol9 YFEH R
A ARADE AGAHE D3 FESHA A4S 5
glgony, £HH golo] EFAL AE3E &9

KEBIHBEEE H18% B, 20004 10A

4% R ol W §HAFE AFY Y FH=2
d&d & At} 2=Fold YFEH REAN &3
Azgle) B2 E4E iHMsted 71E9 dojof 54
& AHgEE BRI AR Wedol €T &
o2 Aitso] &3] JA7 ojgo] ATl vl
E 9%e 18 ¥ & AT, £4E dolo] B
AHgdhe sk vmate] 2 Aojie] glE A=
Begd, 2y detols R dAste a4t
38 stolo] B4 AHgstaiof ot

3.2 CHEo|8l 2E=9f A

tetols) wzod SHAFE 27 @R Ry
7} &g Alzbo) vlxE 9E2 Fig .79 JEbd vhe}
o), Z7| dEtye] By (datRe A7)t Ftshd
oe A7k Frtsie | 98 Z7|RFF So4Eel @
gt ot Al Mg e g AT ol 22 A
= A@)F (M9 A8, 48 ¢ 759 A E o %

vt g Ak dEbRel A3 f57
g 9oz UFE ol dF A
AHo) vidsln HFol W s BAE %
o, g&Rol o] G| Foll AEHoE
oz o A7t 3 2 AFE HL
2zt HAR Fig. 79 AgAQ A8 AT
Fig.8& gojo] $3&5E 82.1mm/s, CTWDE
19mm, $H4ALE 21.2Ve $42AE A3sn &
g wetolg) neo SHAFe AAHE S ek
v} HF AFe A4S 184.6A9 18.9VelH, et
zu4E 66Hz, B dEF opF AL 2.3%
12.9 msolth, & ZAdA MEALE 21.2VE
AR st AAE £HAF A #E & Fig 99 Y
ehich #HE £8AFYE A4S 174A9 20.3V0]

i

rlo

o

> B
R dr ok Au
o ok ot o oo 2

20

——— 1.5mm
— == 2.0mm
@ L - 2.5mm
15 R
% --------- 3.0mm
£
- Y.
ot T
L
Bl T T~
S0 T =l
0 T
2r T
@A e 7
0 L 1 1.
100 200 300 400 500

Current(A)

Fig. 7 Effects of initial bridge volume(bridge diameter)
and current on short—circuit time

585



46

o\lAY - HAY

oA - HEE

o, &2 FueE 55Hz, ¥ 9gH off Ak
1.1ms$ 16.9 msolth, @& Ate) AL A827
7 Az Bk oF od) B 2 QAL e,
olo} Ze iatE WYY £8E] FEFAAY A
&Al W3l 2 FHolPA] FA ERE nIA
237 fEARAE AgRY £ saFo] A&
4357 A% A 2)71 AA FH01Y E4E IR
A 7] el AT Aoz FHEo, ¢
AlZtol Bl et Qe T3} opF) Al7hE HE AT
H 74 dXals A Bt ol AdH Ao
2 38 o} AlZke] 12.9msSt 16.9msE A8,
g o7 oA o} Azto] AAdte Ml & ol

400

3504
300 1
250 1
2001

Welding current(A)

150 1

100 v r v
0.00 05 .10 15 .20

Time(sec)

Welding voltage(V)
o>

6.00 05 10 15 20
Time(sec)

Fig. 8 Experimental current and

waveforms in short-circuit mode

voltage

400

< 3507
=]
o 3007
5
© 2504
@
G
= 150+

100 T T T

0.00 .05 10 .15 .20
Time(sec)

30
=254
iy
& 204
“+3
=)
= 154
ap
=
= 104
il
= 54

0 ~ ~ T B T T -

0.00 .05 10 .15 .20
Time(sec)

Fig. 9 Calculated results in shert-circuit mode

586

85% o}’dei7] wiojtt, ng Ay Aoz
T3 det Ajzte] AA Folrt A E v Fut
F9 oy AdFHezr AU ANE =
(peak) AFE HAFET 40A F= ¥o, ol 4
Aro 2 3 dg Alzte] #v| o AR s Azt
o] Z+Aadta] At 23 93 AFe AL B
AR 2 Age AdAdE 4749 8% A=Y &
A el M vlaA A AAsidm, HEge] AwEd F

Ax AR,
33 B0 2=9] o F

Tolg] Bt R H e AXgo] olgRE
9] AA Adte SH2ANE F TF/e ]33
7t 3= gAST. dojo] FFEFE
82.1mm/s CTWDE 19mm, £3AYS 22.0VE
AT 2dAAM ZHT £3BFY A A8 S
Fig. 109 YeUdd. #H#a SHAFS A
175.7A¢ 22VelH, d&olge] A9 Fo+s
11Hz, a9 A 4.9msoldt. AP I3
SAZAGA ARAYES 22.0VE A sl AL
SAAFY A 43S Fig 114 vehien, H
T SHAFYG AgLS 180A%} 21.1Volt}. ¥hetold
Rooxe] B gt Fopee dE Al 8Hze
6.1msol™, ot=2 AFAY AF Fig.119] A} 93 o
vehd vte} Zol I EH Rzg 4Fo] ojgdEy
O BEAFY Ay A A9 AdAgs A o

A&t
CTWDE 19mmZ 1AAF 1 golo} $FE&EEF
2 5001
5 4004
=
g
a 30019
[~
£
D 2001
=
100
0.0 1 2 3 4 5
Time(sec)
= 351
=
g 309
8 24 |} )
£ 207
= 157
2 0]
5
o v v - v - 1
0.0 1 2 .3 4 )
Time(sec)

Fig. 10 Experimental current and voltage
waveforms in mixed mode

Journal of KWS, Vol. 18, No. 5, October, 2000



GMASH M2gle] B2 Agdl thd &4

47

g 500:
pet
§ 400
5]
300
=)
p= 7
B 200
© ]
= 100 . — .
0.0 ! 2 3 4 5
Time(sec)
Free flight
mode
40
= 354
= 307
g 25 4
5 207
‘u:o 15 4§
E 107
T 59
=
. 07 T —T T —
0.0 1 2 3 4 5
Time({sec)

Fig. 11 Calculated results in mixed mode

80-180mm/se] M 9lelH W7

79 Y FPo2RE Foola
Fig.12¢] Vehigich 493 5U9
g3te] £RURY LS Aol 2
}.

ol

F9E a2 AT, EFRZ ofg
detold REojn, 9 d9L 94

R UEh Ho]HF 220A8 7]
IRtk &3 RzoA dAR/sE Foted
A Z7keke Re2 AAEon AA ‘?r 39
A A@AFe} A7} WAYSHA| T, v 1A 76‘3%6}74]
ol gfo] LAYl GG o Zalsic)

B ATl A At detold BdlS o] &3tq] 43
27 B E F&olg ne Hi SHAFe At @
golg Futrg vud FEeH 45T F AU
a8ug AA $xdxdE AFsted 2834 Y o

M 18

e 2 r\o fr
o]

<0

J

Of

?.

e

40
v 8C
* MIX
= 34| oGL
Z o SP
& — Mixed(cal) © o
S o o [}
B
i 30 o a o o] o
‘é 8 o © o 00 o
g 25 i} ", O o 4 fe)
=
fa]
D &
2 5 v—’rv"\'v/VV/‘:/
v v
v v v
15 T l T L E—— T -
150 200 250 300 350 400

Mean welding current(A)
Fig. 12 Comparison of experimental and predicted
metal transfer modes

KB HRSEERE H184% H5. 2000% 108

Aol Hay ol 27] B9} et Fut
ZHE 350199 FH S Bty 248 &
& AR o ddT. 2y A3 deteldy 2y
< o] &3t ALt v ATt AdAne 2 o3
7b BAEE7] Wi el ofo g Hekw &3 <&

2 4 s Hests Aol Wiy ol stx
ol9le CO. & EF/NAE AHEste 244 A &3}
¥ Aol 274},

4. 84 E

§78715F o421 % sfolo] Al zwlel] B SQA T
Sold BY g olgsial GMA &3 Al2Hel 5 A

FTE dSSAn. 71&Y golo] BG4S 5
golo} £ &&F7F EHMF Mgl AN E JF
S &z, FEAHTG AR o3 A EE
el g defoldd Rdl g o) &t} Te Fupgof chet
AIRbE AEAT 71E glolo] FAJ4E o] &3
AHe FHE dolo] B v& Ao HAE}
o sy, JdgHoly Axgo] B9 54 B
A& Atsted 2 Aolzt itk A E gfolo] BA
A2 &29 o)g AHF dgolyd Bxox 2] @
G5 Ao ALt f&3tH, o) Z ol &3l 54 A
TE AdEAH R Adste Aol stedtt. #3489
olo] 544 E X Al 2E] £ T detoly my
& o)&atd T FHY F40y ot Ao 2y
ot £ 2= 949 A58 § Il ol2E stx
ot A7 1.2mmel 4 gelo & Atgdte g A
Ao} vlwste] &gt A1he] H o= ARE oAt
RS AA T, ST A}, FEolY Re we
FoeE Hlad et o a9

£ )

B Ape 6}%3+§}XHD¥94 A FEE T A (996~

1000-002-2)8] A& wol F3Pslgony old 7+
A =gy,
2088

1. M. Ushio and W. Mao : Modeling of an arc sensor for
DC MIG/MAG welding in open arc mode : Study on the
improvement of the sensitivity and the reliability of the
arc sensor in GMA welding (1st report), Welding
International, 10-8 (1996), 622-631.

2. M. Ushio and W. Mao : Dynamic characteristics of an

587



48

olAHG - HAAY - oA - KFE

3.

588

. J.F. Lancaster :

arc sensor in GMA welding in dip transfer mode :
Study of improvement of sensitivity and reliability of
arc sensor in GMA welding (3rd report), Welding
International, 12-4 (1999), 272-281.

T.P. Quinn, R.B. Madigan and T.A. Siewert : An
electrode extension model for gas metal arc welding,
Welding Journal. 73-10 (1994), 241s-248s.

. LLM. Richardson, P.W. Bucknall and I. Stares : The

influence of power source dynamics on wire melting rate
in pulsed GMA welding, Welding Journal, 73-2(1994),
328-37s.

The physics of welding, 2nd Ed.,
Pergamon Press, (1986).
CERE MR @8 0 ha e ol £ &
e FaE A &3 A4 Aojd B A7, LA,

10.
11.

12.

. Y.S. Ishchenko :

14-1 (1996), 57-67.
Relationships governing droplet
transfer during a short circuit, Welding International,
7-8 (1993), 627-631.

CARE, REE AR VOF g 0188 GMA £H9 2

Soldel A FHAY (D- Y4823} 22go] o3 e
a4, g3 eelA), 15-3 (1997), 168-178.

CHATE, 3YFE RFE DEA: VOF HEE o183 GMA £

Aol F&oldo] H3 FAHA (ID)- dedolal B9 34, o
- A, 15-3 (1997), 179-186.

HE&Hete - £ A 0y JH B}, (1998).

J.W. Kim and S.J. Na : A study on prediction of
welding current in GMAW, Proc. Inst. of Mech. Engrs,
PartB, 205-B1 (1991), 59-63.

Welding handbook, Volume2, AWS, 8th Ed., (1991).

Journal of KWS, Vol. 18, No. 5, October, 2000



