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Abstract

With an expansion in automation of welding processes, emphasis has been shifted from other
welding processes to the GMA welding. However, there is a problem with this process that the
spatter occurs very frequently. In GMA welding, there are several types in the way of metal
transfer from the electrode wire to the weld pool, which have a close relationship with the
spatter genetration.

This study was concerned with the spatter occurring in the short-circuiting transfer. In
welding with short-circuiting, the electromagnetic force formed by the welding current facilitates
the rupture of the metal bridge between the wire and workpiece and ensures the normal process
of the welding process. However, the spatter can be genetrated from the droplet because of the
upward magnetic force, when the droplet contacts with the weld pool. The passage of current
through the bridge results in the accumulation of the thermal energy, which causes the bridge
to explode in the final stage of short-circuiting, thus forming the spatter. Based on the above
phenomena in conjunction with other experimental results published, the physical phenomenon
related with the occurrence of spatter was modeled and the current waveform was investigated
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to reduce the spatter. Finally, the fuzzy rule based method was proposed to predict the time of

short-circuiting and arcing in the metal transfer.
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21

Journal of KWS, Vol. 14, No. 1, Feb., 1996



7bx g ot §RoM deEEy mdy 3 AuE 244

gk, HEo| AlztE of Ay e] J& ofF @
*JM A s = Ede] o3 290 E

olojgt W b, B AF e @t of
A g4 AdE G FHE B8 @3S
o2 2dystn ol& ol & AHEHE
2% ¢ e £H9GE S dAs A vk =%
AR £HAE S FE37) JalA dsstn 9l
e 139 EAE 458 4 de 5AE 7HR
A= E Alstaat 3ok ol & A} AEARNE
Fig. 1o Jepdidel.  £3AFE A4 (hall
sensor) & o] &3le] FFEFH o ofAHAYL F
Z7) (amplifier) & o] &3led At AZH
&%= 5KhzZ st e IBM 386DXE ©|-43ld
Az & st

) —{)

)

_x:,L

2. rztolgel mEY

Wt ol ThE 2% ol Y3tk we obzst @
QA s FEoN B4 o B S Akl &

Az}, deola 4 o) 4L 1) 847
427t A& olAs} AR &3, 1) §4
o] &&Xd = FE, M) BelA (bridge)
7} BAEHEAN §40] SEA R oY= RE,
V) Helxe sd 2R V) oA WA K&}

VD) obzErt fAEW o F719 §3e] YAH
B REoR ' F th o ¥ go] & ol
242 FA% e dg 2 3 By g ditel
s AdEsE AYHA Hoh 9 o3 &
HolA ~d e e gl dejolla AT § dovt
)3 V) -V)ollA go] draleln AFo A7)0
ula} eA 7HsAd o) thaTh

2.1 8ol B88%o| Y&EY o W)
=L

HE3e &84 Agste AA7IEE A &9
BX3rle o) & ol v meta mde B3
A& 9317] Yt ohi3) Zol JHgstR.

1) AF, 2A7%, £352 Fig. 279 Zo] z-Fo
S B =

2) RA 2 %
& 4= gl

Afol og A71ge A

KEIEHEETE $145 F19, 19964 28

A ARG Yo B AP 59

Tals

2]

Y

Fig. 2 Typical shape of droplet contacting with
molten pool

melting
interface

(3) Fig. 28] AA®ZE 02 A{F+=
< F8) whA i
‘31] 29 AEH 2 "A] (Maxwell stress tensor) £

t, 2717 e S Bekm 9 & Wl OB 2ol

R

il 4= 9y,
BZ
i o)
5= @
7| A pE FAHE (permeability) ol . L&t F
23 olAddez dwtxog AH Tt (free

space) oA AH&-EE 4x107(H/m) & 2188
ot A7l A e £A0] 2gste A H e
Wad 2EHA AME RURA R AT
2 037 o] ZAEH

F=[f reas ®3)

Fig. 28] ZA@d #F&8te & 731 =49
¥ A Zgste Axrge Bzt Ao
3 AA@ s2v AFY 277 dFsidn
74Rsha =Ae) Eh A& ANFL o
7 o] vepd 4 At

B=-H o

2 nr

A @WE A Mol ddstd Q) ANMFE BAR

Zom

of #&3t= A Y (body force) & T3t b3 2
o},
b pl? B w2 2
Fo=f, o dr=7F- ng (5)

22



60

$8%9 1A %ol 4ol Fig. 234 2ol K09
u =A Wiel FEote A FE thed Lol
thehetet,

pr
B=——1I 6
2 nb? ®

A6 & 407 @l tslatd AA G 28
ahe g2 o3 2o
L @

F, _(]4nb4r 16 n
9 Ans vH £4 Pgosd A4 gHe
o83 o] AE % 3tk

2
Fefof, =t m -2 ®

389 7 bst 2Alet HEFste wo WA
adl whet Wate WA el B Fig 390 v
Witk 2deM & F 3R] A HFste
Bb3 a7h ¥t boll ¥ldte A ez A7)0} A&
Agole Ao el A= gy 270 F A
Fole ot &2 #&stA drt

. 20

0.0 4

Factor

‘ Downward Lorentz Force

-1.0+4

Factor=in{b/a~1/4)
~2.01

-3.0 T

o o1 2 % & 5
b/a

Fig. 8 Variation of Lorentz force factor, In(b/a),

with relative size of the droplet b/a

2.2 B2|X|9| mcintd nd

Azt Wl we BeAe] seabye uAaY
Mol R 22 Qlst) Batgh @ato] k) wa}
N 2 mdgdAe o 24 A8l 9
A olehel e 1AL B8 ©ied Al

@) Fig. 4 (a9 2 A= Feje) Belz]

23

melting
- interface

(a) Typical diagram of liquid metal bridge

o]

l Electrode
T

L
——C.V.

i

(b) Model for calculation of liquid metal bridge

Fig. 4 Schematic diagram of liquid metal bridge

2L Fig. 4 (b)Y g A3y 2oz g
3 9l

(5) W& AZhol] B]z)g] mrio] dojuinz B
2|z 9] - 2 9] A= 4 s}

6) A Beje] Belxe] B 2= FA
o] U3}

(7) BaX &= v A, HgEd 5% @k

(8) £4o) &gR9 27l H&ET o 1 Y
e Adddgoly,

Bz W] 1ol A& fE9 Y &
= Vre B He] ojF &£ Roll MFH 02 ¥
Agctn 7pgea oea 2ot

w:%k 9)

ZlFolng V, = 00]2 A& AN &

Journal of KWS, Vol. 14, No. 1, Feb., 1996



JtxA g otz $HNAN B3EAR 2l L AHE FAE AT AFAHF AF A AT 61

3 g

rlo
iin)
o
il

adg 5 vt
1 4 d
(rvr)+78_6(VB)+—E);=O

|

1
7

o5
3

v, = -z% z (10)
Bl §59 $FAUAY G hed 2rh

1
W,=p[ 5 V2+VvHdg =

EZILRZR2L+2¥R2L3 an
A7 pe R, Qv HEX9 AF,

dQ =2 nrdrdzo|t},

HFoll o3l Arle HMA7IYol Helxe €]
F 2 A3 e FEste &S HA N,
& g7 A

}1[2

No = fm VodQ =L RL (12)

4714 BHAAG B fmzz“T’jl;olq.

Bl s} g9 AAR e dHo] AF&tm
gl o] Fe HelAel fFo] £§A2 o Ed
= A2 Bt Bl nA 1% Alolg
AAC gt e A () e2RE e gol
g€k

2
F.= 15171 (13)

Balx BES #A)9 (control volume) &2 3
3, Fig. 4(b) oA &} o] He|x|e] o] =83}
E 48 o FHE Folg 89 ol g
#ol & = Utk

2
F,-F, =E

- pv-maa =0 (14)
F=F =0 (15)

Wdo] Feae gl #Y ¥ HHed
a2 Avle g 2.

p=- (16)
7[R2
ol gHelel % YBL P ket 2ot
- MR
No=[pvaa=—— oL an
R

o714 v, =-24L, dA =2nrdr o] T},

KB EREEE B4 BIW, 19965 25

olgte] Azke oyx HEHA HEaA 4
12), (7 AM e 2e Aot ©E9Th
dw,

3 p— .
=Ny N, (18)
2
R=- RS R H - (19)
R+ LT 4pmR+ ZRLY)

gle] Aol Halx9 wige W By & ¢
sl7] fsled AF, HElA9 2717 9 BEHAE
Gotol e}, AFE 53T FoZRE HFHo|
dojvby F-HoA Balxe] sgte] ¢k glof o}
Azt YAEE HA7RAAE st AE T8
v}, ¥ Al AFe 23 AnE Fig. 53 22 ©)
Z AN REE JE oz auth "dy Alg
Z (Taylor series) & ©| 83t} BelA] wize] W3l
4L A (190 2 g3 #o] 38 = 3
o},

400+ - C 40

g

~
< -
+~ 2004 F 20 —
=] 7]
8 oo
5 N
1004 [ =)
© >
0] Eo
~——  Current [__ . .
. Input to simgation
——  Voltage ?
-'031 T v + -10
0 20 a0 60,
‘ Time (ms)

Fig. 5 Typical current and voltage wavetorm of short-
circuting welding

R(t+At)=R(t)+Rdot(t)%+R(t)’éthi C (20

R(t+A t)=Rdot(t)+R(t)%+ difl?) Az—:Z '

o7l A Ate &3 F71o|th

A& £IRH F5 olge] Al By
A7k H2E A 4 AXBE 2719 2
e w39 £x 0ol M stith WA
o] Z7|7F 2A o] WA olsto AA HSHER
Hejxe] 7] A7io] wet sibdnel Bz
Aol A7z 2, Rt o2 n47ivete]
270l 98t stolo] H7e] 1. 2mm 3% shero]

21

24



62

dojd o Bz vkAe] A7]e 0.2-0.4 mmA =
olt}’. o|& 7lx= dgo| dojd we] HEZ
27N & Ftr] 93t b do] Yephte
olaUA HAMAA AFI L dedo] dojute
9ol zk 0.2mm(Case-1) & 0. 4mm (Case-2) &
2 (19), 20), @D ol A&t feo AHE F
3ted mtebe] 0.2mm 2 0.4mmellA dold A
Hglx 27173 Z2H2 0.77mm 0. 87TmmY & &
4 sl Akl ALEE  Z7] & Table 1 1}
El 2l ek,

Table 1. Fixed parameters and initial values used in

calculation
Symbol Meaning Value
i | Permeability [dyne/A’] anx10°
p Density of bridge [g/cm’] 7.2
L Length of bridge {mm] 2.5
R Initial velocity for radius of 0
= | bridge [mm/sec]
" . . case-1:0. 77
R_, Initial radius of bridge [mm] case-2:0. 87
— 300.0
=
‘E 2500 1 /"
Q
-
]
= 2000 4
@]
150.0 -
1000 o
50.0 4 -
—0— Controlled
——— Unrontrolled
0o v T T
“ 5 " 1% 20
Time [ms)
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Ri : IF current(l) is Al and voltage (V) is A2
and variation of current (A I)
is A3 and variation of voltage (A V) is Al
then arcing (AR) or short-circuiting (SH) is A5
A71M Rie & Wol2g Jehl 3 Al-AsE 27
Zte] e & 9u) i}

C=max(Ri(I,V, A1, AV, AR, SH) AX(D) AY(V) A
ZADAW(AV))

Aq714 Ce FEEFE el X0, YV),
Z(AD, W(AV) & Z2te] ke ofn| e},

1744 4 gol stel H 16709 2Yo]
€ %+ gom 299 go] F8Y B A¥e
ste] A gho] WAL= st

3. 1.3 ¥R 3} (defuzzification)
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Fig. 13 Prediction of time for JBA(Just Before
Arcing) and JBS(Just Before Short-
circuiting)
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