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Magnetic Control of Gas 
Tungsten-Arc Welding Process 

Undercut-free GTA welds can be produced in both 

magnetic and nonmagnetic materials at speeds up to 

100 ipm by the application of suitable magnetic fields 

BY T. N. J A Y A R A J A N A N D C. E. J A C K S O N 

ABSTRACT. The possibility of in
creasing the welding speed in the 
gas tungsten-arc welding process by 
using external magnetic fields was 
investigated. The effects of a con
stant, transverse magnetic field ap
plied to the arc were studied. 

Nine percent nickel steel and 
aluminum alloys types 2 0 2 1 , 6061 
and 5454 were the materials used 
for this investigation. Type 4043 
aluminum was used as a fi l ler wi re 
for aluminum and Inconel 625 for 
the 9% Ni steel weld specimens. 
Most of the welds were made 
without the addition of f i l ler metal. 
Al l the weld specimens were of bead 
on plate type. 

By applying transverse magnetic 
fields, the maximum welding speed 
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at which undercut-free welds could 
be obtained was increased con
siderably. The 9% Ni steel responded 
exceptionally well to the applied 
magnetic fields. The magnetic field 
strength required to produce a satis
factory bead appearance varied w i th 
current and travel speed. The arc de
flection is consistent w i th the motor 
rule. It is suggested that the electro
magnetic pumping action of the in
teracting self and applied magnetic 
fields produces an improvement in 
bead appearance. 

In t roduct ion 

Arc blow, which is mainly due to 
the induced magnetic fields, has 
been a cause of concern for welders 
f rom the beginning of welding tech
nology. Arc blow, plasma streaming 
and metal transfer are some of the 
arc characteristics strongly affected 
by the presence of magnetic flux.1 

Many scientists have analyzed the 
basic problems connected w i th arc 

blow.2-* 3*4 A magnetic field from any 
source or form can have its own ef
fect on the welding arc which is 
defined as "a sustained electrical dis
charge through a high temperature 
conduc t ing p lasma, p roduc ing 
sufficient thermal energy to be use
ful for the joining of metals by 
fusion.6" 

Considerable research work has 
been carried out in the past two dec
ades in the field of arc magnetics, 
especially toward the use of external 
magnetic fields for the better utiliza
tion of available welding techniques. 
The displacement of arcs in mag
netic field has been studied ex
tensively.6"11 

As applied to welding, magnetic 
fields can be classified as fol lows: 

1. Transverse magnetic fields 
are those which have flux lines 
normal to both the electrode and 
the weld travel axes. 

2. Parallel magnetic fields have 
flux lines parallel to the direction 
of t ravel . 
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3. Longitudinal magnetic fields 
have their flux lines parallel to the 
electrode axis. The nature of the 
self magnetic fields due to the 
welding current is of very complex 
nature due to the variations in 
base metal magnetic properties 
and the nature of current f low. 

The gas tungsten-arc welding 
process has undergone many in
vestigations under the f ield of arc 
magnetics. Most of the studies were 
made w i th a direct current, electrode 
negative arc acted upon by various 
forms of magnetic f ie lds. 1 2 ' 1 3 . 1 4 It is 
to be noted that in the case of an arc 
subjected to a constant transverse 
magnetic f ield, the applied magnetic 
f ield is added to or subtracted f rom 
that due to the arc current and under 
the .combined action of these two 
fields, the arc burns in a skewed 
position. The main advantages of 
magnetic control of the welding arc 
are: (1) Increased travel speeds at 
wh ich undercut free welds can be 
made, (2) Control over arc b low ef
fects, and (3) Control over microstruc
ture by electromagnetic st irr ing. 

Hicken and Jackson12 studied the 
macroscopic effects of the external 
magnetic field on the arc. Travel 
speeds could be increased by de
flecting the arc forward in the d i 
rection of travel by transverse mag
netic fields. It was suggested that 
the improvement in bead appear
ance accompanying the forward de
flection of the arc during welding 
was due to the forces exerted on the 
molten metal in such a manner as to 
reduce the apparent surface tension 
and al low the metal to f low evenly 
across the weld crater. The pre
heating effect of the deflected we ld
ing arc and the physical changes 
taking place w i th in the plasma also 
were thought to be contributing 
factors for improved performance. 

Ando, Nishikawa and Y a m a -
nouchi13 analyzed the reasons for 
better bead appearance accom
panying fo rward d e f l e c t i o n of 
welding arc in the gas tungsten-arc 
welding process; they concluded that 
when a magnetic field is not applied, 
molten metal is pushed down w i th 
the plasma streams and the molten 
layer in the bottom of the pool be
comes gradually thinner in propor
t ion to the increase in welding 
velocity. This results in the formation 
of a naked solid surface in the 
bottom of the pool. This naked solid 
surface disturbs the free f low of the 
molten metal in the pool and the 
bead becomes discontinuous. When 
the arc is deflected in the welding d i 
rection w i th the use of a transverse 
magnetic f ield, the molten metal is 
pushed forward and the molten pool 
is always ful l . When the direction of 
the magnetic f ield is reversed, the 
molten metal is positively b lown 
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Fig. 1 — Maximum speed-current relationships for undercut-free 
welding by various processes using single electrode on steel 

away w i th the plasma stream. This 
causes the formation of a naked 
solid surface more easily and con
sequently the bead becomes dis
continuous. 

Perry and Paley14 have attributed 
the better bead appearance w i th the 
arc deflected forward by a transverse 
magnetic field to the remelt ing of 
peaks formed in front rather than at 
the back of the advancing arc. Travel 
speed and rate of f low of shielding 
gas are reported to have no, sig
nificant effect on arc deflection. 

Gas metal-arc, submerged arc and 
electroslag welding processes also 
have undergone many investigations 
in order to study the effects of ex
ternal magnetic fields on the weld 
format ion. 1 5 - 2 4 Magnetic force resis
tance butt welding has also been tr ied 
wi th success.25 '26 Zvorono and Kat-
ler27 have shown the possibility of 
using magnetic fields for molten pool 
support and thereby controll ing rein
forcement during welding. It can be 
seen that magnetic control has been 
tried on almost all welding processes. 
The advancement made in this field 
of arc magnetics in recent years is 
really outstanding. 

Objective of the Investigation 

The purpose of this investigation 
was to establish the l imits of we ld
ing speeds wh ich could be used for 
the normal range of current to give 
undercut free welds by the applica
t ion of a constant transverse mag
netic f ield to the weld ing arc. The 
relationship between welding cur

rent and travel speeds that can be 
used to produce satisfactory welds 
w i th normal welding conditions is 
known 1 (Fig. 1). Since travel speed 
can be increased by deflecting the 
arc forward w i th a transverse mag
netic f ield, it was thought that the 
available data regarding travel speed 
for undercut-free welds and welding 
current could be reevaluated w i th a 
magnetic control. 

It was also the aim of the experi
mental work to analyze the reasons 
for the improvement in bead appear
ance accompanying the forward de
flection of the arc during welding. 
Nine percent nickel steel is reported 
to have a high magnetic remanence 
and shows unusual incidents of arc 
blow.28 Due to these peculiar prop
erties, 9% Ni steel was included in 
the study of the possibil it ies of con
trol l ing arc blow characteristics. 

Materials 

The materials used in this in
vestigation were types 6061 (% in., 
9.6 mm thick), 5454 (0.5 in., 12.7 
mm thick), 2021 (0.5 in., 12.7 mm 
thick) aluminum and 9% Ni steel (3/s 
in., 9.6 mm thick). Type 4043 ( 3 / 6 4 
in., 0.5 mm diameter) w i re was used 
as fi l ler metal for the welds on alumi
num; Iconel 625 (0.045 in., 1.1 mm 
diameter) w i re was used as fi l ler 
metal for welds on 9% Ni steel. The 
aluminum alloys represented the 
nonmagnetic group of metals. The B-
H diagram for 9% Ni steel is shown 
in Fig. 2 w i t h Curie points of 755C 
(heating) and 520C (cooling). 
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Welding Equipment 

The welding equipment used for 
making all the weld specimens con
sisted of a machine weld ing gas 
tungsten-arc torch, side beam car
riage, cold wire feed attachment 
w i th electronic governors for cold 
wire feed, and carriage motors. The 
power supply used was a 500 amp 
transformer-recti f ier constant cur
rent type. Voltage and current re
corders were used. 

The equipment was automatic and 
welding consisted of pre-selecting 
the welding variables, init iating the 
arc wi th high f requency and 
manually starting the carriage and 
wire feed motors. The welding torch 
was held stationary and the work-
piece traversed below the torch. 

Measurement and Applications 
of Magnetic Field 

The dc electromagnet used for 
applying the transverse magnetic 
f ield to the welding arc had 1300 
turns of Pyri l-ML coated No. 16 
copper w i re wound on a 2 in. (50.8 
mm) diameter by 8 in. (203.2 mm) 
long annealed mild steel bar. The 
magnetic flux was brought to the arc 
zone by two " L " shaped annealed 
mi ld steel pole pieces bolted to the 
core of the magnet. Figure 3 shows 
the arrangement of the welding 
torch, magnet and the base plate. 
The magnetizing current was taken 
through a variable transformer and 
rectified by a full wave bridge rec
tifier. The direction of flux lines could 
be changed by reversing the mag

netizing current. 
A model 640 incremental gauss-

meter w i th a transverse Hall probe, 
manufactured by F. W. Bell, Inc. was 
used for magnetic f ield measure
ments. This meter measured static 
(dc) magnetic field strength in the 
range of 0.1 gauss (0.00001 tesla) 
full scale to 30,000 gauss (3 tesla) 
full scale in 12 ranges. Figure 4 
shows the gaussmeter and the 
probe. Measurements of the mag
netic field strength for welds on the 
nonmagnetic aluminum were done 
wi th the Hall probe in position as 
shown in Fig. 5a. Figure 5b shows 
the position of Hall probe during 
measurement of the magnetic field 
strength for welds on the 9% Ni 
steel. The Hall probe was kept 
parallel to the work table by clamps 
during measurements and the 
maximum reading ob ta ined by 
rotating the probe in its position was 
recorded. Magnetic f ield measure
ments were made prior to or imme
diately after running a bead. 

Welding Procedures 

Al l the welds were of bead on 
plate type and were run away from 
the work connection. Arc gaps were 
maintained at 1 /16 in. (1.6 mm) and 
0.25 in. (6.4 mm) for welds on 
aluminum and 9% Ni steel, re
spectively. A 2:1 (by volume) mixture 
of helium and argon was used for 
shielding welds on aluminum and 
argon was used for 9% Ni steel weld 
specimens. 

Direct current (electrode negative) 
was used for making all the welds. In 
all the cases, the magnetic field 
applied to the arc zone was such as 
to deflect the arc forward w i th re
spect to the direct ion of travel. 
Welds were made at four values of 

Fig. 3 — Arrangement of the magnet and the welding torch Fig. 4 — Photograph of the gaussmeter and the probe 
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current: 100, 175, 250 and 400 amp. 
For each value of current, increasing 
travel speeds in steps of 10 ipm 
(4.25 mm/sec) were t r ied in 
succession. The aim was to produce 
satisfactory weld beads at each cur
rent and travel speed by the applica
t ion of a magnetic field of suitable 
strength. The cold wire feed rate for 
a particular current had to be de
termined by trial and error. Two per
cent thoriated tungsten electrodes 
were used throughout. The size of 
the electrode depended on the cur
rent used. 

The weld metal cross-sectional 
area or nugget area, the depth of 
penetration and percent dilution 
were computed from the pho-
tomacrographs of the transverse sec
tions of the weld beads. Keller's 
etchant was used for the aluminum 
and ferric chloride for the 9% Ni 
steel specimens. The depth of pene

tration refers to the maximum depth 
of fused metal measured below the 
base plate surface. 

R E S U L T S 

Bead Appearance 

Aluminum Alloys. The bead ap
pearance of welds on aluminum al
loys could be improved at all travel 
speeds tried in the range of 10 to 90 
ipm (4.2 to 38.1 mm/sec) for cur
rents of 175 and 250 amp, w i th the 
application of a suitable magnetic 
f ield. Welds made wi thout the appli
cation of a magnetic field to the arc 
zone had very poor bead appearance. 
(See Fig. 6) The effective magnetic 
field strength required to produce a 
good bead appearance was found to 

i lM^H^^ 

Fig. 6 — Bead appearance of the welds on Type 2021 aluminum. 
Welding conditions, 250 amp, 13v, 30 ipm (12.75 mm/sec). The 
top weld was made without external magnetic field and the 
bottom one was made with a transverse magnetic field strength 
of 35 gauss 

Fig. 8 — Changes in bead appearance with applied magnetic 
fields. Material, 9% Ni steel, 400 amp, 20v, 10 ipm (4.2 mm/sec). 
Top bead: no magnetic field applied; bottom bead: magnetic 
field strength 120 gauss 

Fig. 7 — Changes in bead appearance 
with applied magnetic fields. Material, 
Type 2021 Al, 400 amp, 17v. 90 ipm 
(38.1 mm/sec). Upper photo — top bead: 
magnetic field strength 80 gauss; bottom 
bead: magnetic field strength 85 gauss. 
Lower photo — top bead: no magnetic 
field applied, middle bead: magnetic field 
strength 60 gauss; bottom bead: mag
netic field strength 40 gauss. 
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increase w i th an increase in current 
and travel speed. 

The changes which took place in 
the bead appearance of welds made 
on 2021 aluminum at 400 amp, 17 
volts, 90 ipm (38.1 mm/sec) wi th 
varying magnetic fields, are shown 
in Fig. 7. Wi th the cases studied, the 
bead appearance of welds made 
w i th 400 amp were not improved. As 
can be seen from Fig. 7, w i th a mag
netic field strength of 85 gauss 
(0.0085 telsa), the molten metal was 
completely th rown out of the bead 
producing a neat gouge. A n attempt 
to produce a deeper gouge was suc
cessful although there was a serious 
problem of contamination of the elec
trode by the molten metal. The mol
ten metal spatter was in the form of 
small globules ejected in the direc
tion of arc deflection. The behaviors 
of the different aluminum alloys 
studied were of similar nature but 

the magnetic field strength required 
to produce a satisfactory bead ap
pearance varied for different types. 

Nine Percent Nickel. The change 
in bead appearance of 9% Ni steel 
welds w i th the application of a mag
netic field was remarkable. The bead 
appearance could be improved for all 
the welds made wi th currents of 400 
and 250 amp and for all the travel 
speeds tried in the range of 10 to 
100 ipm (4.2 to 42.4 mm/sec) . A 
typical example of the improvement 
in bead appearance of welds made 
w i th 400 amp, 20 volts and 10 ipm 
(4.2 mm/sec) is shown in Fig. 8. For 
9% Ni steel also, the magnetic field 
strength required to produce good 
bead appearance was found to in
crease w i th current and travel speed. 
Photomacographs of Fig. 9 show 
clearly the changes in bead cross-
sections w i th different magnetic 

field strengths for welds on 9% Ni 
steel w i th 400 amp, 17 volts and 20 
ipm (8.5 mm/sec). 

The improvement in bead appear
ance was outstanding only for welds 
made without cold wire feed. For the 
welds made w i th cold w i re feed, the 
bead shapes were distorted by 
magnetic fields above a certain 
strength, due to the pushing of the 
molten fi l ler metal away from the 
bead. However, w i th the arc deflect
ed forward during welding, the 
beads acquired cleaner and brighter 
surfaces. This effect was very ap
parent w i th welds on both aluminum 
and 9% Ni steel. 

The craters at the ends of the 
beads on 9% Ni steel specimens 
were found to be fil led w i th metal 
when the welds were made wi th the 
arc deflected forward. For welds on 
aluminum alloys, there was no 
noticeable difference in the crater 
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Fig. 9 — Changes in cross section of bead welds on 9% Ni steel with increasing magnetic field strength: 
fa) no magnetic field applied; (b) magnetic field strength 85 gauss; 
(c) magnetic field strength 125 gauss; (d) magnetic field strength 165 gauss 
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Fig. 10 — Variation of magnetic field strength required for good 
bead appearance with travel speed and current 
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Fig. 11 — Variation of nugget area, penetration and dilution 
with magnetic field strength. Material, Type 6061 Al; current, 
250 amp; voltage, 15v; travel speed, 40 ipm (17 mm/sec) 

shapes w i th and wi thout the applica
t ion of external magnetic f ield. The 
difference in craters at the ends of 
the beads was one of the major dif
ferences observed between welds on 
9% Ni steel and aluminum alloys 
wi th the arc deflected forward w i th 
respect to the direction of travel. 

The variation of magnetic field 
strength required to produce satisfac
tory bead appearance on type 2021 
aluminum and 9% Ni steel at differ
ent currents and travel speeds is 
shown in Fig. 10. 

Variation of Penetration, 
Nugget Area and Dilution 

Figures 11 and 12 show the vari
ations of nugget area, depth of pene
trat ion and dilution for welds on type 
6061 aluminum and 9% Ni steel, re
spectively. A gradual decrease in 
these quantities wi th increase in 
magnetic field strength can be noted. 

Figures 13 and 14 show the effect 
of a constant transverse magnetic 

field on the variation of nugget area, 
penetration and dilution, w i th travel 
speeds for two currents, namely 400 
and 250 amp. Curves " A " in Fig. 13 
represent the data for welding cur
rent of 400 amp without any exter
nal magnetic field and curves " B " 
show similar data when an external 
magnetic field of 100 gauss (0.01 tes
la) is impressed on the welding arc. 
Curves " C " and " D " in Fig. 14 show 
similar data to those of curves " A " 
and " B " for weld ing currents of 250 
amp wi thout and w i th a transverse 
magnetic field of 50 gauss (0.005 
tesla) impressed on the welding arc. 

The application of a constant mag
netic field can be seen to reduce the 
depth of penetration and dilution, but 
the overall pattern of variat ion of 
these quantit ies wi th travel speed 
was not changed notably by the ex
ternal magnetic field. As can be seen 
from Fig. 13 and 14, values of the 
nugget area were not appreciably al
tered by the external magnetic field 

for travel speeds up to 40 ipm (17 
mm/sec) but beyond 40 ipm (17 
mm/sec) the drop in nugget area 
wi th the increase in travel speed for 
welds made wi th external magnetic 
field is comparatively greater. This 
suggests that the effect of external 
magnetic field depends upon the 
magnetic field strength, speed of 
travel, welding current and the base 
metal. 

Stability of Arcs Under Different 
Atmospheres 

The effects of different shielding 
gas f low rates on arc stability were 
investigated. This was done in order 
to ascertain whether a welding arc 
could wi thstand a higher magnetic 
field strength just by changing the 
shielding gas f low rate, keeping all 
other conditions the same. Arc stabil
ity was compared by the critical mag
netic field strength required just to 
extinguish the arc under different 
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Fig. 15 — Variation of critical magnetic field strength with flow 
rate of argon. Base plate. Type 6061 Al; arc gap, 0.25 in 
(6.4 mm); travel speed, 20 ipm (8.5 mm/sec) 

f low rates of hel ium, argon and 2:1 
mixture (by volume) of helium and ar
gon for a particular current. For this 
study, the arc was struck between 
the tungsten electrode and type 
6061 aluminum without any external 
magnetic field impressed. Then, the 
magnetic field strength was in
creased gradually by increasing the 
magnetizing current. The magnetic 
field strength just below the elec
trode at the point of arc extinction 
was measured. 

Figures 15, 16 and 17 show the 
variation of critical magnetic f ield 
strength w i th f low rates of argon, 
helium and 2:1 (by volume) mixtures 
of helium and argon. A n increase in 
critical magnetic field strength w i th 
the f low rate of shielding gas up to a 
certain l imit can be seen. The arc sta
bility wh ich is compared by the cr i t i 
cal magnetic f ield strength increases 
w i th current. A n arc in an atmos
phere of argon is more stable than in 
helium. Even though an arc in an 
atmosphere of 2:1 (by volume) of 

helium and argon showed more 
deflection when a magnetic f ield 
was applied, the arc characteristics 
were more or less similar to those in 
an atmosphere of argon alone. 

DISCUSSION 
Bead Appearance 

Several explanations for t he 
change in bead appearance of welds 
w i th applied magnetic fields have 
been proposed.1 2 ' , 3<1 4 The condi
t ions of the weld puddle under the 
actions of an external transverse 
magnetic f ield are very similar to 
those of the liquid metal in a dc elec
tromagnetic pump. A change in the 
f low pattern of the molten metal oc
curs when a magnetic f ield is applied 
to the welding arc. The physical ar
rangement of a dc electromagnetic 
pump is shown in Fig. 18. Liquid 
metal in the tube is subjected to a 
force perpendicular to the directions 
of the magnetic f ield and current 
f low. The force, F, on a conductor of 

length, L, in a magnetic flux w i th a 
density, B, and a current, /, f lowing 
through it is 

F = BIL 
From this, the static pressure on the 
liquid in the tube can be derived as29 

0.57 Bl 
p = — 

W 
where P is in psi, B is in kilogauss, / 
is in kiloamperes, and W is the width 
in inches of the pipe in the f ield d i 
rection. 

By analogy to the electromagnetic 
pump, it can be easily visualized that 
by deflecting the arc forward w i th an 
external constant transverse mag
netic f ield, pressure is built up in the 
molten metal at the leading edge of 
the weld puddle. This electromag
netic force acts in the direction of 
the deflection of the arc as was evi
denced by the pumping of the molten 
filler metal away from the weld pud
dle. Pressure of the molten metal 
wi l l depend upon the current and 
magnetic field strength across the 
weld puddle. In weld ing, both these 
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Fig. 16 — Variation of critical magnetic field 
strength with flow rate of helium. Base Plate. 
Type 6061 Al; arc gap, 0.25 in. (6.44 mm); 
travel speed, 20 ipm (8.5 mm/sec) 
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Fig. 18 — Physical arrangement of a 
direct-current electromagnetic pump 

quantities are difficult to compute. 
Raichuk30 has shown that about 70% 
of the current is concentrated in the 
work ahead of the moving arc. There 
is believed to be a high current den
sity at the arc root of high melt ing 
point metals.21 The distribution of 
the magnetic field across the molten 
metal in the puddle wi l l depend upon 
the welding current, material, and 
other factors like position of the mag
net and arc length. 

For bead on plate welds wi thout 
the addition of f i l ler metal, when the 
arc is deflected forward, there wi l l 
be a difference in pressure between 
the leading and trai l ing edges of the 
puddle due to the electromagnetic 
pumping action. The solid metal 
ahead of the weld puddle wi l l pre
vent the molten metal from f lowing 
in the direction of the electromag
netic pumping force. Hence, the mol
ten metal at the leading edge of the 
puddle wi l l have to f low to the back 
of "the arc to maintain equil ibrium 
of pressure. This f low of molten met
al from the leading to the trai l ing 
edge of the puddle is in the form of a 
vortex. Woods and Milner3 1 have 
found the same type of vortex f low or 
double circulation as they called it, 
when an electrode was t i l ted in a 
pool of mercury. This vortex f low pat
tern could be the reason for the f i l l 
ing up of the craters at the ends of 
the beads when the arc was deflect
ed forward. Further evidence for the 
f low of metal around the arc from 
the leading to trail ing edge is given 
by the photomacrographs in Fig. 9. 

The improvement in bead appear
ance was noted only when the arc 
was deflected forward w i th respect 
to the direction of travel. Wi th the 
arc deflected backward, owing to the 
e l ec t r omagne t i c p u m p i n g , the 
molten metal behind the arc is 
blown farther away making the bead 
discontinuous. 

It was observed that the magnetic 
f ield strength required for producing 
good bead appearance increased 
w i th current and travel speed. Wi th 
higher currents, the volume of metal 
melted wi l l increase and more force 
wi l l be required to cause the metal to 
f low from the leading to trail ing edge 
of the puddle. Wi th higher travel 
speeds, even though the volume of 
metal melted is less, the molten 
metal w i l l have to f low back to the 
trail ing edge at higher velocities in 
order to f i l l the bead uniformly be
fore solidif ication. 

The bead appearance of welds on 
aluminum alloys of types 2 0 2 1 , 6061 
and 5454 could be improved only for 
welding currents of 250 and 125 
amp. Wi th a current of 400 amp in 
the cases studied, bead appearance 
could not be improved. W i th identical 
conditions of welding the magnetic 
field strength required to produce 
good bead appearance varied be
tween two different a l u m i n u m 
alloys. On type 2021 aluminum wi th 
a welding current of 400 amp, travel 
speed of 90 ipm (38.1 mm/sec) and 
a magnetic field strength of 85 gauss 
(0.0085 tesla), the molten metal was 
completely pumped out of the bead 
in a gouging action (Fig. 7). The 
same effect was noted w i th type 
5454 aluminum. This gouging phe
nomenon was not observed at lower 
travel speeds. 

The bead appearance of welds on 
9% Ni steel could be improved w i th 
the application of suitable magnetic 
field in all the cases studied. In the 
case of magnetic materials, the field 
strength across the molten metal be
low the plate surface wi l l be more 
than that w i th nonmagnetic mate
rials under identical conditions. This 
increase in magnetic field strength 
below the plate surface wi l l increase 
the pumping force. This is believed 
to be the reason for a better bead ap

pearance w i th external magnetic 
fields for welds on 9% Ni steel. The 
residual magnetism of the order of 8 
to 10 gauss (0.0008 to 0.001 tesla) 
found at the outer edges of the 9% Ni 
steel plates also could have contrib
uted its part in increasing the pump
ing force. The gouging effect was not 
observed in 9% Ni steel weld speci
mens wi th the tests performed. 
Higher density, surface tension and 
viscosity of the steel compared to alu
minum shown in Table 1 call for 
higher values for pumping forces to 
produce the gouge in steel. Amson 
and Salter34 have shown that there 
is a decrease in surface tension 
forces w i th increase in pressure. 
This phenomenon also might have 
contributed to the gouging effect ob
served on aluminum. The difference 
in the nature of crater formation at 
the ends of the beads on 9% Ni steel 
and aluminum is believed to be due 
to the difference in density and sur
face tension of those two metals. 

The bead appearance of welds on 
aluminum alloys could not be im
proved at higher currents (400 amp) 
for any of the travel speeds tried. 
This might be due to the variation in 
the electromagnetic pumping force 
along the depth of penetration result
ing in uneven f low and nonuniform 
solidification impairing the bead ap
pearance. 

Penetration, Dilution and Nugget 
Area with Applied Magnetic Field 

There is a gradual decrease in 
penetration, dilution and nugget area 
wi th an increase in magnetic field 
strength. Accompanying the deflec
tion of the arc there is an increase in 
pressure on the molten metal and 
also an increase in effective arc 
length. Wilk inson and Milner35 have 
shown that the heat carried away by 
effluent gases increases w i th arc 
length. It is to be expected that the 
loss of heat to the atmosphere would 
increase wi th the deflected arc due 
to the increase in arc length. This 
wi l l reduce the heat transferred to 
the work, thus reducing nugget area, 
penetration and dilution. 

Arc Stability 

Arc stability is proportional to the 
arc current and inversely propor
tional to the arc length. An arc in an 
atmosphere of argon is more stable 
than in helium. When a 2:1 mixture 
(by volume) of helium and argon was 
used for shielding the arc behaved 
more or less like one in argon alone. 
The ionization potentials of argon 
and helium are 15.69 and 24.5 volts, 
respectively. The increased stability 
of arcs in argon atmosphere could be 
due to the large number of ionized 
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particles compared to hel ium, there
by increasing the volume energy den
sity due to ionization and making the 
arc more stiff.36 Arc stability meas
ured by the critical magnetic field 
strength in this work was found to in
crease wi th shielding gas f low rate 
up to a certain limit. Increased rates 
of f low of shielding gas wi l l cool the 
arc more resulting in a constrict ion 
of the arc and an increase in volume 
energy density. This is believed to be 
the reason for the increase in arc sta
bility w i th increase in gas f low rate. 

Ludwig37 has shown that there is 
practically no difference in plasma 
gradient (vol ts/cm) when the shield
ing gas composit ion is changed from 
100% argon to a 2:1 (by volume) mix
ture of helium and argon. This may 
be the reason for the similar i ty be
tween arcs in 100% argon atmos
phere and those in a 2:1 mixture of 
helium and argon. 

Conclusions 

The fol lowing conclusions are 
drawn from the results of the tests 
performed on different materials 
using the GTAW process: 

1. The welding speeds to give 
undercut-free welds for autogenous 
bead on plate type welds could be in
creased up to 100 ipm (42.4 
mm/sec) by the application of a suit
able magnetic field strength for both 
magnetic and nonmagnetic ma
terials. 

2. The magnetic field strength re
quired to produce satisfactory bead 
appearance has been found to in
crease w i th current and travel speed. 

3. The improvement in bead ap
pearance accompanying forward de
flection of the arc is due to the elec
tromagnetic pumping action of the 
external magnetic field. 
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Table 1 —Comparison of Properties of 
Molten Steel and Aluminum33 

Temperature 

Density, g/cc 
Surface tension, 

dyne/cm 
Viscosity 

centipoise 

Steel Aluminum 

1600C 660C 
(2912F) (1220F) 

7.16 

1670 

2.5 

2.38 

860 

1.2 
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