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Effects Associated with Arc Blow 

Forward arc blow eliminates irregularities in the solidified weld by remelting peaks 
formed in front rather than in back of the advancing arc, and welding on a 
vee groove reduces weld deflections from the line of travel 

R. J. P E R R Y A N D Z. P A L E Y 

ABSTRACT. The deflection of the gas-
tungsten-arc welding arc was studied with 
reference to the effects on the fused 
bead on plate, rather than the distor
tion of the gaseous arc column. The 
importance of arc length and current 
was established. Welding speed and the 
rate of flow of shielding gas have shown 
no significant effect on the arc deflection. 
The forward arc blow eliminates the 
irregularities in the solidified weld by 
remelting the peaks formed in front 
rather than in back of the advancing 
arc. The effectiveness of the gas shield
ing is also improved in this combination 
of blow and travel in the same direction. 
Welding on a vee-groove reduces weld 
deflections from the line of travel. 

Introduction 
The welding arc, a flexible gaseous 

conductor, is sensitive to magnetic 
fields in accordance with the basic 
principles of physics. The effects result
ing from the interaction of the weld
ing arc and magnetic forces are 
known as arc blow. This phenomenon 
of arc deflection has been observed in 
welding practice for more than a cen-
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tury.1 First attempts to deal with the 
problem have led to theories attribut
ing arc blow to ground location and 
eddy currents in the work piece as 
well as residual magnetism.-••'' Inter
est generated in this subject results 
from difficulties encountered due to 
arc blow, such as lack of fusion, 
deflection of the arc from its normal 
path and poor quality of the weld 
metal. However, recently Hicken and 
Jackson have reported beneficial 
effects when welding in a magnetic 
field.4 

Attempts, which have been made to 
cope with this problem, have led to 
one of the more popular practices of 
counteracting the magnetic field by 
encircling the work piece with the 
ground cable. The effectiveness of this 

Fig. 1—General view of apparatus 

method is questionable. Kovalev and 
Akulov5 have suggested using a radial 
guide wall fitted to the electrode as a 
physical barrier to arc deflection. 
Welding with alternating current is 
thought to be effective in reducing arc 
blow problems.1-3 

The present study was intended to 
examine the deflection of the arc as a 
function of the welding parameters 
and the magnetic field with particular 
attention to the effects on the de
posited weld. 

Experimental Procedure 
Apparatus 

An automatic gas tungsten-arc 
welding unit was employed through
out this project. This equipment 
makes possible fine adjustments of the 
welding parameters. Furthermore the 
process allows a defined arc length, 
utilizing a gaseous column free from 
complications arising from filler metal 
arc transfer. 

A general view of the apparatus is 
shown in Fig. 1. A copper ground 
plate was fastened to an asbestos plat
form in order to eliminate ferrous 
materials in the immediate vicinity of 
the arc. The material and the perma
nent horseshoe magnet were posi
tioned on the copper ground plate. 
The general technique consisted of 
fusing a bead along the centre-line of 
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Fig. 2—Cold rolled mild steel (y2 x 2% 
x 10 in.) plain and vee-grooved 

<£ of weld 
<£ of plate 

Fig. 4—Determination of D(—the deflection normal to the line of travel 
(Schematic cross section) 

Fig. 3—Apparatus for measuring mag
netic field 

the plate using a : ! / s in. diameter \% 
thoriated tungsten electrode. 

Material 
Cold-rolled mild steel flat bars meas

uring 1/., in. thick, 21/.-, in. wide and 
10 in. long were used as the work 
pieces. This selection of material is 
economical, with suitable surface 
finish which eliminates the necessity of 
machining. Some plates were ma
chined with a vee-groove running 
along the centre-line on both sides of 
the plate in order to simulate the 
szeometric conditions of a double-vee 

Fig. 5—An iron powder pattern of a magnetic field induced in an 18% Ni maraging 
steel by a magnetic chuck 

preparation. Both types of plate are 
shown in Fig. 2. 

Magnetic Field and Weld 
Deflection Measurement 

Measurement of the magnetic field 
was made with a Bell "110A" Gauss-
meter. This meter allows full scale 
readings from 1 to 30,000 gauss in ten 
ranges. 

The "T-l 102" transverse Hall probe 
records maximum field strength when 
it is normal to the lines of force. 
Thus, it was important to mount the 
probe at a constant height above the 
plate, at the same time allowing free 
rotation for measurement of the di
rection of the magnetic field—Fig. 3. 
Measurements were made at V., in. 
intervals along the centerline of the 
plate in order to obtain the field com
ponent Bx at right angles to the 
center-line. At the same positions an
other set of measurements were made 
by rotating the probe to obtain the 
maximum field strength Bmax. 

Some difficulties were encountered 
in determining the direction of the 
maximum component because of the 
fact that the probe may be rotated to 
some degree without a change in the 
gaussmeter reading. It was therefore 
necessary to calculate the direction of 
the maximum field component rather 
than taking a direct reading from the 
protractor, i.e., 

cos a 
fi.v 

B (1) 

Fig. 6—Irregularities in a bead-on-plate resulting from magnetic field configuration 
shown on Fig. 5 

where a is the angle between the field 
component and the maximum field 
strength direction. 

The major objective of the project 
required the determination of the 
deflection of the fused trace from the 
centre-line of the plate rather than the 
actual deformation of the arc mantle. 
Measurements were made with 
calipers to both edges of the fused 
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Fig. 7—Cross sections of deflected weld shown on Fig. 6 

.": 

bead with reference to one edge of the 
plate as shown in Fig. 4. The calipers 

allowed measurements readable to 
1/100 of a millimeter normal to the 
line of travel. 

Thus, the deflection normal to the 
line of travel Dx is defined as fol
lows: 

A Y 
c + h 

(2) 

In the course of the study it was 
realized that it is important to consid
er the maximum deflection Dmax in 
the direction of the maximum field. 
Dma% is calculated from equation 3. 

A»ax = 

Fig. 10—The same as Fig. 9 for aus
tenitic stainless steel (150 amp and 
VA in. arc length) 

DN 

cos a 
(3) 

where cos a is defined in eq (1) . 
In order to obtain a descriptive 
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Fig. 8—Iron powder pattern of magnet-
plate set-up used in the project 

Fig. 9—The rotation of the deflecting 
arc when held at various positions 
along the magnetic field shown on Fig. 
8 (mild steel, 250 amp and % in. arc 
length) 

picture of the orientation of the lines 
of force, iron powder was sprinkled 
on cardboard, placed on the magnet-
plate setup and subsequently sprayed 
with a transparent lacquer to obtain a 
permanent image of the field under 
consideration. This presents a qualita
tive measure of the field and may be 
used in the absence of other methods 
of detection as will be shown in the 
next section. 

Results and Discussion 
A qualitative examination of the 

phenomenon proved to be helpful in 
establishing physical relations arising 

Fig. 11—Arc deflection as a function of arc length for four different 
arc currents 

Fig. 12—Weld appearance as a function 
of arc length (330 amp, 5 ipm, 40 cfh 
argon). Corresponding arc lengths as 
follows left to right: i / g , »/8 and " / l e in. 
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Fig. 13—Weld deflection as function of welding speed 
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Fig. 14—Weld deflection as a function of shielding gas supply 

from the interaction of the electric arc 
and the magnetic field. Visual obser
vation of the arc shows the distortion 
of the symmetrically shaped arc 
mantle, where the outer region is 
more susceptible than the core, to 
external disturbances. With good pho
tographic techniques valuable in
formation could be obtained; howev
er, at this stage, the distortion was 
studied from its effects on the fused 
bead. Here, examination of iron pow
der patterns were found to be of 

considerable assistance in detecting 
the presence and configuration of 
magnetic fields. 

A magnetic field induced by a mag
netic chuck during machining of an 
18% Ni maraging steel plate is shown 
in Fig. 5. A bead, welded on such a 
plate is presented in Fig. 6. Here the 
arc deflects in accordance with the 
configuration of the magnetic field in 
the plate. Furthermore, the magnetic 
field has affected the cross-section of 
the weld resulting in an asymmetric 
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Fig. 15—Distribution of maximum and normal field component along the 
center-line of the plate 

shape as shown in Fig. 7. 
The iron powder technique was also 

used for examining the basic set-up 
used throughout this project. The ori
entation of the magnetic field and the 
resulting deflections of the welded 
bead are shown in Fig. 8. It is appar
ent that the arc tends to deflect nor
mal to the field lines, and this leads to 
a rotation of the arc blow as seen in 
Fig. 9. This is even more apparent 
when austenitic stainless steel is substi
tuted for the mild steel because the 
field is not diffused by the material 
and is therefore more effective as may 
be seen in Fig. 10. 

The arc deflection was examined as 
a function of the various parameters 
of the welding arc in order to establish 
their relative importance. 

Arc Length and Current 
Arc lengths of V s ,

 8 / , e , V4 , 5 / 1 6 , 
3 / s , Vo, 5 / 8 and n / ] 6 in. were 
examined for arc currents of 70, 
150, 250, and 330 amp. The resulting 
deflection £>mllx as a function of arc 
length for the four arc currents is 
presented in Fig. 11. The general 
trend indicates an increase in deflec
tion with increasing arc length. The 
four curves differ distinctly in slope 
and in their relative position with 
respect to the axis but not in shape, 
demonstrating the increasing resist
ance to deflection with rise of arc 
current from 70 to 333 amp. 

Beyond the indicated maximum 
welding conditions the arc becomes 
erratic and for all practical purposes, 
impossible to maintain. For 250 and 
330 amp currents, and arc lengths 
beyond V4 in., the effectiveness of 
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the gas shielding diminishes and leads 
to extensive porosity in the fused 
bead—Fig. 12. 

Welding Speed and Gas Flow 
The effect of welding speed on the 

deflection of the arc was examined 
and the results are shown in Fig. 13. 
There is an apparent decrease in the 
arc deflection with increased weld 
speed, but the overall effect is of little 
significance. Excessive increase in 
weld speed does not offer any advan
tages considering the deteriorating 
effect it has on weld appearance. 

Similarly, the gas flow has demon
strated only a minor effect on arc 
deflection as shown in Fig. 14. It 
appears that the higher rates of gas 
flow act as a slight buffer to arc 

deflection. 

Deflection vs. Magnetic Field Strength 
The particular experimental setup 

consisting of the permanent horse
shoe magnet and flat steel bar presents 
a system in which the arc moves 
through a varying magnetic field as 
shown in Fig. 15. Here the strength 
and direction of the field are almost 
symmetrical about the centerline of 
the magnet. Hence the weld deflection 
along the plate was taken as an abso
lute value, rather than with reference 
to magnetic field polarity. The deflec
tion as a function of the magnetic field 
for two selected cases is shown in Fig. 
16. The linear portion of the graph is 
consistent with the magnetic field dis
tribution at the ends of the plate, 

Fig. 18—Iron powder pattern indicates 
realignment of field lines in the short
est path across the vee groove 

Fig. 19—The deflection when welded in 
a vee groove 

outside the poles of the magnet. The 
remaining portion of the graph, rep
resenting the area between the poles 
of the magnet, does not adhere to the 
above relationship. This field configu
ration and its particular effect on the 
arc will require additional attention. 

The curves represent two different 
arc lengths and indicate a greater 
deflection for larger arc lengths which 
is in agreement with what was previ
ously indicated. 

In Fig. 9 and 10 the rotation of the 
deflecting arc due to the variations in 
magnetic field strength and direction 
was shown. The combination of the 
deflection and direction of welding 
may have a profound effect on the 
weld appearance and quality. As 
shown in Fig. 17, the forward blow is 
no doubt preferable. Apparently, the 
string of peaks formed by arc blow on 
the first half of the plate are elimi
nated on the second half, due to 
remelting by the advancing arc. Such 
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a combination of blow and travel is 
also favourable in terms of the effec
tiveness of gas shielding. 

Vee-Grooved Plates 
A number of welds were made on 

vee-grooved plates. The general obser
vation is that the magnitude of the 
deflection is reduced. Iron powder 
patterns (Fig. 18) show that the lines 
of field tend to cross the groove by the 
shortest path. In view of deflection 
occurring normal to these lines the arc 
blow is forced along the groove rather 
than across it. 

Summary 

1. Iron powder patterns may be of 
considerable help in detecting and an
alyzing magnetic fields present in ma
terials intended for welding. 

2. Weld deflection increases with 
increasing arc length and reaches a 

critical point at which normal func
tioning of the arc is interrupted. 

3. The arc current demonstrates a 
stiffening effect on the arc in magnetic 
fields, which resists deflection and ex
tends the range of arc lengths as 
current is increased. 

4. The welding speed and rate of 
flow of shielding gas have not shown 
any significant effect on arc deflection. 

5. The forward arc blow eliminates 
the irregularities in the solidifying 
weld, by remelting the peaks formed 
in front rather than at the back of the 
advancing arc. 

6. A vee-grooved plate leads to a 
reduction of the deflection due to the 
reorientation of the magnetic field 
lines across the arc gap. 
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"Further Theoretical Treatment of Perforated Plates with 
Square Penetration Patterns" 

By W. J. O'Donnell 

In this paper the theoretical validity of the equivalent homogeneous model for 
materials perforated with circular holes in a square pattern is demonstrated. The 
two sets of effective elastic constants for loading in the pitch and diagonal direc
tions, respectively, are related so that there are actually only three independent 
effective elastic constants. The six effective elastic constants for loading in any 
arbitrary direction are obtained from the known values for loading in the pitch 
direction. 

The second part of the paper is concerned with the solution for the equivalent 
anisotropic circular plate with simply supported edges subjected to uniform pres
sure. There is no closed form solution to this problem. A doubly infinite complex 
series solution has been published by Okubo. The, error incurred by truncating 
that solution after the first complex term of each series is shown to be small. This 
solution is satisfactory for design calculations over the entire range of ligament 
efficiencies greater than 5 % . 

The accuracy of a simple optimized axisymmetric deflection approximation is 
also evaluated. The calculated maximum deflection and the maximum moment at 
the center of the plate remain accurate within 1 % for all ligament efficiencies 
above 5 % . However, the calculated moments near the periphery of the plate are 
much less accurate. 
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Welding Research Council, 345 East 47th Street, New York, N.Y. 10017. 
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