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Arc Initiation in Gas Metal Arc Welding 

The integral of the square of the current is found to be a good indicator of arc start 
behavior and experiments and simulation show that arc starts are often improved 

by a fine-pointed wire tip 

BY D. FARSON, C. CONRARDY, J. TALKINGTON, K. BAKER, 1. KERSCHBAUMER A N D  P. EDWARDS 

ABSTRACT. Arc initiation with gas metal 
arc welding (GMAW) was studied. Arc 
starts were observed experimentally 
using a high-speed video camera and 
computer data acquisition of arc current, 
voltage and wire feed speed waveforms. 
Tests were performed at short-circuiting 
and spray transfer machine settings and 
with clipped and unclipped wires. 

The experimental data gathered dur- 
ing this work revealed that the initial 
melting of the wire extension occurred 
either at the base metal contact point or 
somewhere along the length of the ex- 
tension. In the former cases, the arc 
tended to evolve smoothly to steady-state 
conditions. In the latter case, the arc ei- 
ther extinguished subsequent to initia- 
tion or was sustained and evolved to a 
steady-state condition. Extinguishment 
was more often observed at short-circuit 
conditions, while sustained arcs were 
more often observed under spray condi- 
tions. Initiation of the arc at the point of 
contact with the base metal was more 
likely to occur if the wire end was freshly 
clipped and/or if the wire feed speed was 
relatively low when contacting the base 
metal. However, this was not always the 
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case. Thermal-electrical simulations of 
the wire extension during the early stages 
of arc initiation were performed. These 
simulations indicated that a finely 
pointed wire end should first melt at the 
point of contact with the base metal, 
while blunt wires should first melt at mid- 
extension. However, as noted above, the 
experimental results did not always con- 
form to this prediction. A possible expla- 
nation for the differences between ex- 
perimental and simulation results is 
unmodeled variations in wire-to-base 
metal contact resistance and geometry. 

Introduction 

Reliable arc starting is particularly im- 
portant for automated GMAW, where 
events occur in a preprogrammed, timed 
sequence. Delayed or intermittent arc 
starting can cause defects or unwelded 
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regions at the beginning of the weld bead 
or more severe process malfunctions 
(e.g., wire tangles or contact tube/wire 
fusion). In this work, a combined theo- 
retical and experimental approach was 
taken to understand the initial phases of 
arc initiation in GMAW. The objectives 
were as follows: 

1) Observe arc starts with a high- 
speed video system to record visually ob- 
servable phenomena and with a com- 
puter data acquisition system to record 
the transient voltage, current and wire 
feed speed values. 

2) Perform a coupled thermal-electri- 
cal simulation of the initial phases of arc 
initiation to assist in the interpretation of 
the experimental results. 

3) Determine the effect of several 
basic process parameters on arc starting 
(including voltage and wire feed speed 
equipment settings and wire end condi- 
tion) and the parameters most likely to re- 
sult in quick, consistent arc initiation. 

Background 

The electrical heating and subsequent 
disintegration of metal wires have been 
the subjects of a considerable amount of 
research by the physics community. 
There are important applications in the 
design of conventional and nuclear ordi- 
nance and the subject contains some 
basic physics questions of fundamental 
interest in their own right. The state of the 
art of physical understanding in the late 
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1950s and early 1960s is summarized in 
a series of proceedings (Ref. 1 ). More re- 
cent work is reported in Refs. 2, 3. Al- 
though much of this work is pertinent to 
current densities much higher than is typ- 
ical of arc welding, the physical analysis 
of the initial phases of conductor disinte- 

Table 1 - - W e l d i n g  Parameters 

Voltage 
Wire feed speed 
Wire type 
Wire diameter 
Contact tube-to-work 

distance 
Shielding gas 
Travel speed 

Base material 

22.2, 32 V 
180, 300 in./min 
E70S-6 
0.045 in. (1.1 mm) 
0.5 in. (12 mm) 

90Ar- 10CO, 
20 in./min (0.51 

m/min) 
A36, surface ground 

gration is directly applicable to the case 
of a GMAW arc start. 

The events occurring in the early 
phases of the disintegration of an electri- 
cally heated wire are dominated by re- 
sistive heating. The generation of heat 
(Joule heating) at any given location in 
this circuit is directly dependent on the 
resistance at that point and the current 
f low (which is, of course, the same at all 
points along the circuit). 

t 
Q(t)= Si2(~)R([)d~ 

/ = 0  (1) 
where Q(t) is the total amount of electri- 
cally generated energy in a section of 
wire from the time that current starts to 
f low (t = 0), R(x) is the time-varying resis- 
tance of the wire segment under consid- 

Table 2 - -  Experimental Conditions and Results 

Weld Wire Speed Set Volt 
No. in./min (m/min) Set 

4 180 (4.6) 22 
7 180 (4.6) 22 
8 180 (4.6) 22 
9 180 (4.6) 22 

10 180 (4.6) 22 
11 180 (4.6) 22 
12 180 (4.6) 22 
13 180 (4.6) 22 
14 180 (4.6) 22 
15 180 (4.6) 22 
16 180 (4.6) 22 
17 180 (4.6) 22 
18 300 (7.6) 32 
19 300 (7.6) 32 
20 300 (7.6) 32 
21 300 (7.6) 32 
22 300 (7.6) 32 
24 300 (7.6) 32 
29 300 (7.6) 32 
30 300 (7.6) 32 
31 300 (7.6) 32 
32 300 (7.6) 32 
33 300 (7.6) 32 
36 300 (7.6) 32 

Wire Clipped Wire Speed 
1 = Y, 0 = N @ Short Action 

1 160 3.04E + 02 
0 123 1.14E + 04 
1 163 1.21E + 04 
1 213 2.11E + 03 
1 166 1.18E + 04 
0 8 2.06E + 01 
0 141 1.21E + 02 
0 166 6.58E + 02 
1 151 1.13E + 04 
I 121 9.00E + 01 
0 150 1.09E + 04 
1 193 1.16E + 04 
0 148 1.11E + 04 
0 298 1.16E + 04 
0 301 1.18E + 04 
1 133 8.04E + 00 
1 184 1.14E + 04 
1 186 1.15E + 04 
1 159 1.14E + 04 
1 234 1.16E + 04 
0 228 1.10E + 04 
0 274 7.60E + 02 
1 147 2.14E + 01 
1 205 1 .IOE + 04 
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Fig. 1 - -  Plot of current, wire feed speed and voltage waveforms for Weld No. 33 where a smooth 
arc start and subsequent spray transfer was observed. 

eration and i(t) is the time-varying cur- 
rent. The resistance of the wire segment 
is a function of its length, cross-sectional 
area and material resistivity, which is 
generally an increasing function of tem- 
perature for metals. 

R(T) = Pe ]/A (2) 

where I = length, A = cross-sectional area 
and Pe = electrical resistivity. In this work, 
the resistivity of steel was assumed to in- 
crease linearly with temperature at a con- 
stant rate 

pe(r)=pe(r°)+~ 2"°(T+T°) (3) 

The enthalpy of the wire segment is di- 
rectly related to Joule heat generation 
and is the parameter that determines the 
state (whether solid, liquid or vapor) of 
the material. For this reason, it is com- 
mon to correlate experimentally ob- 
served "exploding wire" events to an ex- 
pression commonly  called the action 
integral, g(t), and defined (for the simple 
case of a material with fixed composition 
and size) by the integral (Ref. 1). 

'.2 g(t)= f t  (T)dT 
J~=0 (4) 

The generation of heat in the weld 
wire is balanced by energy losses to the 
surroundings and energy storage in the 
material, resulting in temperature in- 
creases in the latter. These processes are 
described by an energy balance differen- 
tial equation (the "heat equation" [Ref. 4]) 

aT(r,t) 
pc(T)~-~-~ : V. [k(T)VT(r,t)] + qe(r,t) (5) 

where p is density, c is the specific heat, 
T is the temperature in the materiall k is 
the thermal conductivity, V is the vector 
derivative operator, qe is the rate of volu- 
metric heat generation and r and t are 
space and time variables. Boundary con- 
ditions such as T(rw, t) = T w (fixed bound- 
ary temperature at a wall), k(~Th)n) = 
h(Tw-T a) (a convective boundary condi- 
tion where n is a boundary normal direc- 
tion, h is a convection coefficient, T w is a 
boundary temperature and T a is ambient 
temperature) and initial conditions such 
as T(r,O) = T O are needed to solve the heat 
equation. 

The rate of volumetric heat generation 
is determined by the current f low in the 
material as discussed above. However, 
evaluation of the heat generation in a 
conductor of varying cross-sectional area 
and temperature distribution requires de- 
tailed knowledge of current f low distrib- 
ution in the material. The potential (volt- 
age) f ield V in a current-conduct ing 
material with temperature-varying resis- 
tivity satisfies a general form of Laplace's 
equation (Ref. 5) 
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V" P~(T)VV=0 (6) 

and current and voltage are related by the 
vector equivalent of Ohm's Law (Ref. 6) 

aV 
PeJ = ~ (7) 

where J is current density (amp m-2). So- 
lution of Laplace's equation yields the 
scalar potential field in the material, from 
which the current density and subse- 
quent Joule heating, qe, can be derived. 
The solution requires boundary condi- 
tion specifications such as V(rw, t) = V w (a 
fixed boundary voltage) and Ohm's law 
for current flow normal to a boundary 

Jn = I_.I_cqV 
Pe an w (8) 

where ]n is current density normal to a 
boundary located at r w. Finally, note that 
since Joule heating appears as a source 
term, the heat equation is coupled with 
Laplace's equation (which involves tem- 
perature-dependent resistivity) and the 
two must be solved simultaneously, gen- 
erally by iteration. 

It must be noted that the heating phe- 
nomena described above are of primary 
importance in the early (and most time- 
consuming) phase of wire disintegration. 
Following melting, magnetic pinch 
forces rapidly reduce the cross-sectional 
area of the conductor (Ref. 7), joule heat- 
ing rapidly increases and expulsion of the 
melt results. At this point, current con- 
duction is maintained by an arc that 
grows in length as the wire disintegration 
process evolves to completion. 

There is some prior literature dealing 
with arc starting in the GMAW process. 
Melton (Ref. 8) briefly describes the ap- 
plication of the action integral to the 
analysis of the initial phases of GMAW 
arc starting and mentions the importance 
of a sharply pointed tip in rapid arc initi- 
ation. Dilthey (Ref. 9) describes a special 
wire feeder that performs a touch-retract 
function to reliably start the GMA weld- 
ing arc. Manz also describes the applica- 
tion of a "sensitivity integral" to the pre- 
diction of arc starting times (Ref. 10). 
Finally, Lenivkin (Ref. 11) reports some 
experimental current/voltage measure- 
ments in the case of arc starting and de- 
scribes a simple, one-dimensional simu- 
lation to represent the initial phases of the 
arc initiation process. 

Experimental Procedure 

A Hobart MegaPulse 450 power 
source/wire feeding system was used to 
conduct a series of arc starting experi- 
ments. The power supply was operated in 
constant voltage (i.e., nonpulsed) mode. 
The welding conditions are summarized 

in Table 1. Arc starts were made with a 
matrix of voltage and wire feed speed set- 
tings and wire conditions (the end of the 
wire was either in a freshly clipped state 
or unclipped and balled from the previ- 
ous weld). The arc current and voltage 
were sampled at a 4500-Hz rate using a 
computer data acquisition system. The 
arc voltage was measured between the 
contact tube and workpiece and the arc 
current was measured with a shunt resis- 
tor in series with the welding gun lead. 
The wire feed speed was monitored by 
sampling the voltage output of a 
tachometer in contact with the wire near 
the motor end of the torch liner. High- 
speed video images of the arc starts were 
taken using a Kodak EktraPro 4540 high- 
speed camera operating at a rate of 4500 
frames per second. A 15-W copper vapor 
laser strobe was used to enhance image 
quality, allowing clear visualization of 
the arc start phenomena. The power sup- 
ply contactor, wire feed motor and weld- 
ing gun travel motor were all started si- 
multaneously at the beginning of each 
weld run. Since a delay time was re- 
quired for the wire to actually contact the 
base metal, the travel axis was moving at 
the time of wire contact. 

Experimental Results 

The experimental matrix of wire feed 
speed, voltage and wire condition is 
shown in Table 2. Also included in this 
table are the actual wire feed speed (mea- 
sured at the time the wire first contacted 
the base metal) and the value of the ac- 
tion integral for the initial breakdown of 
the wire. The voltage and wire feed set- 
tings used in these tests correspond to 
short-circuiting transfer (weld no. 4 -17) 
and spray transfer (weld no. 18 -33). The 
action integral was calculated by Euler 
integration of the square of the time sam- 
ples of the weld current. Only that por- 
tion of the current waveform correspond- 
ing to the first "explosion" of the wire 
extension was included in the integral. 
The beginning of the integration interval 
was identified as the first nonzero current 
value. The end of the integration interval 
was identified as the point where the volt- 
age rapidly increased from short circuit 
value (typically about 10-12 V) to a 
larger value. The length of the integration 
interval was typically 20 ms but was 
sometimes much lower. This integration 
included the rise time of the current, 
which typically took about 10 ms to 
reach a maximum value. This value 
would be expected to vary with different 
power supplies, as would other transient 
characteristics, such as current fall time 
during arc extinguishments. 

Measured current, voltage and wire 

Fig. 2 - -  Sequence of images corresponding to 
Weld No. 33. 

feed speed waveforms corresponding to 
Weld No. 33 (where spray transfer set- 
tings were used) are shown in Fig. 1. The 
data indicates a smooth arc start and tran- 
sition to spray transfer. The current 
abruptly increased (and voltage de- 
creased) at short circuit and then settled 
back to the steady state value over a time 
of about 30 ms. The arc initiation is visi- 
ble early in the current upslope at a point 
where the voltage magnitude abruptly in- 
creased from near 0 to near 20 V. From 
Table 2, the action integral of this arc start 
was relatively low, only about 2.14 x 101 . 
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Fig. 3 - -  Plot of current, wire feed speed and voltage waveforms for Weld No. 36 where the 
entire wire extension disintegrated and the arc extinguished. 

The wire feed speed waveform reveals 
relatively large oscillations in the wire ve- 
locity shortly after arc initiation. This was 
observed to some extent in almost all of 
the tests. Evidently, the high force associ- 
ated with the wire "stubbing" on the 
workpiece and the sudden release of this 
force during arc initiation perturbed the 
wire feed system significantly and 
smooth feeding was not maintained for a 
time after the arc initiation. It should be 
emphasized that wire speed was mea- 
sured at the feed motor and not at the 
contact tube. Thus, the actual motion of 
the wire as it feeds from the welding gun 
may not correspond exactly to the speed 
measurements taken at the feeder. How- 
ever, it is interesting to note that the cur- 
rent and wire feed speed waveforms os- 
cillate in unison during this transient 
period, as would be expected if the speed 
of the wire feed exiting from the welding 
gun were oscillating. Furthermore, oscil- 
lation in the speed of the wire extension 
was also evident in the high-speed video 
images of the arc starts. 

In Fig. 2, a sequence of high-speed 
video images of this arc start are dis- 
played. The first image in Fig. 2A corre- 
sponds to a time very shortly after arc ini- 
tiation (near sample number 320 in Fig. 
1 ). Note that the arc initiated by fusion of 
the wire at the point of contact with the 
base metal. The second and third images 
correspond to times in the initial up- 
slope of the current (near sample num- 
bers 325 and 350, respectively). They 
show that the arc length smoothly in- 
creased to a steady-state value. 

Measured current, voltage and wire 
feed speed waveforms corresponding to 

Weld No. 36 (where spray transfer set- 
tings were used) are shown in Fig. 3. The 
arc start indicated by this data is much 
more violent than that of the previous 
data set. The current quickly ramps up to 
the maximum transient short-circuit ca- 
pacity of the system (near 1000 A) and it 
remained near this high level for about 
20 ms. After the arc initiation (near sam- 
ple No. 440), the current dropped back 
to 0 A, indicating that the arc extin- 
guished. The voltage likewise returned to 
the open circuit value. After a long period 
with no events, the arc reinitiated and 
then was sustained. The action integral 
associated with the first arc initiation was 
relatively high, about 1.1 x 104. 

A video sequence corresponding to 
the first arc initiation of Weld No. 36 is 
shown in Fig. 4. Figure 4A shows the pe- 
riod after short circuit but prior to arc ini- 
tiation when the high current levels 
heated the wire. Smoke from some anti- 
spatter compound used in conjunction 
with this particular test evolved from the 
heated wire and is visible in the image. 
The next image in Fig. 4B corresponds to 
sample number 444 where the voltage 
magnitude first increased from short cir- 
cuit. The picture reveals that this event is 
associated with breakdown of the wire 
column at a point near the contact tip. 
Figure 4C shows the rapid destruction of 
the wire several tenths of a millisecond 
later. Note that a long portion of unva- 
porized wire visible in the image is no- 
ticeably curved, suggesting that it was at 
or near the melting temperature at this 
point in time. 

Measured current, voltage and wire 
feed speed waveforms corresponding to 

Weld No. 18 (where spray transfer set- 
tings were used) are shown in Fig. 5. The 
data show an arc initiation quite similar 
to Weld No. 36 at its beginning. The main 
difference from the prior example is that 
the arc was sustained after initiation and 
a smooth transition to spray transfer en- 
sued. Video images of this arc start 
(which are not shown) revealed that ini- 
tial disintegration of the wire extension 
occurred near the midpoint, very similar 
to those of Fig. 4. The similarity of the ac- 
tion integral value for this start (1.11 x 
104 ) to that of Weld No. 36 should also 
be noted. 

Further analysis of the experimental 
data (including images and waveforms 
that are not included here due to space 
limitations) reveals that most of the arc 
starts were approximately similar to one 
of the three previous examples. In the fol- 
lowing weld tests, the wire extension dis- 
integrated somewhere other than the 
base metal contact point and subse- 
quently extinguished: 6, 7, 10, 12, 17, 
36. In other cases, the wire disintegrated 
at other than the base metal contact point 
but was sustained afterward: 16, 18, 19, 
20, 22, 24, 25, 28, 29, 30, 31. Finally, in 
some tests, the wire extension disinte- 
grated at the base metal contact point 
and smoothly evolved to its steady state 
condition: 4, 9, 11, 12, 13, 15, 21, 24, 
32, 33. 

This study reveals that some general- 
izations may be drawn from these results. 
First, it is evident that the high-voltage 
spray transfer settings were much more 
likely to result in sustenance of the arc no 
matter how smoothly it initiated. All 
but one of the cases where the arc 
extinguished were tests with short- 
circuiting parameters. 

The value of the action integral was a 
very good indicator of the disintegration 
mode of the wire extension. In all cases 
where the wire disintegrated somewhere 
in its middle section, the action integral 
was consistently high. Statistical analysis 
of these cases revealed that the mean of 
the action integral was 11,500 and the 
standard deviation was only 336. On the 
other hand, those cases where the wire 
disintegrated at the base metal contact 
had lower action integral values, but the 
variation was higher (values ranged from 
20.6 to 2110). The arc starts displaying 
lower action integral appeared prefer- 
able as they generally were followed by 
smooth evolution of the arc to steady- 
state conditions. At short-circuit settings, 
a high action value start was likely to re- 
sult in subsequent arc extinguishment, 
delaying the time until uniform short cir- 
cuiting was achieved. Such behavior 
would tend to cause unwelded areas at 
the beginning of a weld. At spray settings, 
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high action value starts tended to be sus- 
tained, but in some videos, arcing to the 
contact tube was evident. Presumably, 
such behavior would promote fusion of 
the wire to the tube and/or high tube de- 
terioration rates. 

Unfortunately, the arc data does not 
provide clear guidance on how to obtain 
the smoother starts corresponding to 
lower action values. Analysis of the data 
reveals that the lower action integral val- 
ues were somewhat more likely to be ob- 
tained at short circuiting conditions and 
when the wire was clipped. However, the 
correlation is not perfect. A number of 
low action value starts were obtained 
with no wire clipping and at spray trans- 
fer settings. Explanations for this random 
behavior may lie with inconsistencies in 
the base metal surface condition (in some 
cases, arc starts were made at the end of 
previous passes) or with inconsistency in 
the shape of the wire end in the un- 
clipped state. In some cases, a large ball 
was observed on the unclipped wire end 
while in other cases, the end appeared 
sharper. 

Simulation 

To better understand the effects of the 
shape of the wire tip on arc initiation, 
physical phenomena occurring in the un- 
fused wire extension during the first 
phase of arc initiation was simulated. The 
primary goal of this work was to identify 
the portion of the wire extension that 
would first become molten (and hence, 
fuse and initiate an arc). Evidently, if this 
occurs at the contact with the base metal, 
then an arc will initiate at the tip of the 
wire and a stable arc start may result. If 
melting first occurs in the middle of the 
wire extension, then the arc will establish 
there, which is a less desirable event. 

A thermal-electrical simulation of the 
wire extension was carried out, requiring 
simultaneous solution of the Laplace and 
heat equations discussed earlier. Cross 
sections of the circular geometry and 
boundary conditions of two simulation 
cases are depicted in Figs. 6 and 7. In the 
first case, the wire tip was assumed to be 
blunt and in good thermal and electrical 
contact with the base metal. Hence, the 
lower tip of the wire was assumed to re- 
main at room temperature and at ground 
potential (0 V) during the arc initiation 
event. The upper end of the wire exten- 
sion was assumed to be in good thermal 
and electrical contact with the contact 
tube. Thus, the temperature of the upper 
end of the extension was assumed to re- 
main at room temperature and a total 
current flow of 1000 A was uniformly dis- 
tributed over the cylindrical wire cross- 
section. The second case was identical 

Table 3 --Thermophysical Parameters of 
Steel for Simulation 

Heat Capacity 750 
(Jkg 'C ') 

Thermal Conductivity 50 
(Js~m~K -~) 

Density (kg m 9 7900 
Electrical Resistivity 15 x 10 ~ + 0.004 

(ohm m) x 10 -8 .T (C) 

except the wire was assumed to have a 
sharp tip, as depicted. Thermo-physical 
parameters used in the simulation (corre- 
sponding to low-carbon steel) are given 
in Table 3. The primary simulation output 
was the temperature distribution in the 
wire at a specified time after the start of 
current flow (assumed constant at 1000 
A). The simulation was performed using 
a commercially available finite element 
code (Ref. 12) 

A comparison of the simulated tem- 
perature fields for two of the cases is 
shown in Figs. 8 and 9. In both cases, 
only the tip of the wire is shown so that 
more details can be resolved. The simu- 
lation results show that the temperature 
distribution in the two wire segments was 
dramatically different. In the case of the 
tapered wire, the maximum temperature 
is achieved in a region very near the tip. 
At the same point in time, the tempera- 
ture of the upper section of the wire was 
still very near to room temperature. This 
indicates that disintegration of a wire 
having this shape would first occur near 
the base metal. On the other hand, the 
blunt wire achieved melting temperature 
in a very broad region near the middle of 
the extension length. Due to effective 
cooling by conduction to the base metal, 
the lower end of the wire remained near 
room temperature. This indicates that a 
wire having this geometry would first dis- 
integrate over a large region near the cen- 
ter of the extension. 

The time taken for the maximum tem- 
perature in the simulated wire to reach 
the melting temperature is also near that 
observed experimentally. For the cases 
where the entire wire extension disinte- 
grated, the time taken was typically 
about 20 ms from the time current first 
began to flow. In the simulation, the time 
for the extension to reach melting was 
about 10 ms. The longer experimental 
value is explained by the fact that the 
high short-circuit current levels were not 
reached instantly; the maximum current 
levels were typically achieved in about 
10 ms - -  Fig. 3. Also, the wire presum- 
ably would disintegrate some time after 
the instant in which melting is first 
reached. The sharply tapered wire 
melted after about 0.1 ms in the simula- 
tion. Experimentally, the time taken for 

Fig. 4 - -  Sequence of  images corresponding 
to Weld No. 36. 

the wire to fuse was about 2 ms, some- 
what longer than the simulation value. 

In some cases, the predicted and ob- 
served disintegration modes were well 
matched, but there was "scatter" in this 
correlation. A number of blunt wires 
(those having a ball on the end from the 
previous weld) were observed to disinte- 
grate first at midextension and a number 
of freshly clipped wires were observed to 
disintegrate first at the tip. However, 
quite a number of freshly clipped wires 
were also observed to disintegrate at 
midsection and a few unclipped wires 
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Fig. 6 - -  Geometry, boundary and in i t ia l  condit ions for tapered 
wire simulation. 
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Fig. 7 - -  Geometry, boundary and in i t ia l  condit ions for b lunt  
wire simulation. 
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were observed to disintegrate at the base 
metal contact point. The latter cases can 
likely be explained by uneven electrical 
contact between the wire and the base 
material. In such a case, where only a 
small portion of the blunt end achieves 
good thermal and electrical contact, the 
current f low would be highly concen- 
trated (just as if the wire were tapered) 
and disintegration would likely occur at 
the tip. The cases of pointed wires disin- 
tegrating at midsection might be ex- 
plained by the wire contacting at a 
broader area than is assumed in the sim- 
ulations. The wire cutters used in the ex- 
periments did not always produce a 
f inely pointed wire. Furthermore, the 
wire end tapered only in one direction. If 
the cutting tool happened to be perpen- 
dicular to the wire axis during clipping, a 
wire end that could conceivably have a 
relatively broad contact with the base 
material would result. Such uncontrolled 
variations could explain both the statisti- 
cal nature of the experimental results and 
the differences between the simulations 
and experiments. The effect of a less- 
blunt wire tip on the initial temperature 
field is illustrated in Fig. 10. The simu- 
lated geometry has a tip diameter of 0.5 
mm, half that of the nominal wire diam- 
eter. Note that the area that first melted in 
the simulation (which was achieved in 9 
ms) was much further up the taper near 
the straight portion of the wire. Based on 
the time to melt, the action integral of this 
wire fusion event would be nearly equal 
to that of the case of the blunt wire. 

Conclusions 

The experimental data gathered dur- 
ing this work revealed basically two 
modes of GMAW arc initiation. In one, 
the initial disintegration of the wire ex- 
tension occurred at the base metal con- 
tact point. In these cases, the arc tended 
to evolve smoothly to steady-state condi- 
tions and the action integral associated 
with the arc initiation was low. In another 
initiation mode, the wire disintegrated at 
mid extension. In these cases, the arc ei- 
ther extinguished subsequent to initia- 
tion or was sustained and evolved to a 
steady-state condition and the action in- 
tegral was consistently high. The former 
was more often observed at short-circuit 
conditions while the latter was observed 
under spray conditions. 

Initiation of the arc at the point of con- 
tact with the base metal was somewhat 
more likely to occur if the wire end was 
freshly clipped and/or if the wire feed 
speed was relatively low when contact- 
ing the base metal. 

Simulations revealed that a f inely 
pointed wire end was much more likely 

Room 
Temp. 

Temp. 

Fig. 8 - -  Simulated temperature field for a ta- 
pered wire tip. 

to disintegrate near the point of contact 
with the base metal than a blunt wire. 
However, as noted above, the experi- 
mental results did not always conform to 
this prediction. 
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Fig. 9 - -  Simulated temperature field for a 
blunt wire tip. 
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Fig. 10 - -  Simulated temperature field for a 
moderately tapered wire tip. 

WELDING RESEARCH SUPPLEMENT I 321-s 


