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Abstract

The influence of welding parameters on the weld bead geometry in the vertical down position has 
been investigated with GMA welding process. Both solid and flux cored wires have been used for 
investigations. The results are compared with those obtained for sim ilar investigations in the flat 
position welding.

Investigations have revealed that in vertical down position within a certain range of welding current, 
voltage and welding speed, the weld geometry is influenced in the same way as in the case of 
flat position. However, beyond these ranges of welding parameters the weld bead geometry is ap
preciably influenced by welding position. There is also an appreciable influence of flux cored wire, 
over solid wire, on weld geometry.

INTRODUCTION

Gas Metal Arc Welding (GMAW) 
is having good positional welding 
capability. But the main problem 
arises during vertical position, 
where in vertical up position flu
idity curtails the application of 
nigh current and hence gives a 
lower deposition rate, while in 
vertical down position poor pen
etration leads to lack of fusion.

Flat position facilitates the appli
cation of higher welding currents 
resulting in increased fusion 
rates. Both the cross-sectional 
area of reinforcement and pen
etration increase along with the 
current. Higher currents also lead 
to an increased deposition rate 
and at a constant welding speed 
the thickness of molten metal 
under the arc is increased. When 
voltage is increased the arc 
length increases leading to 
increased bead width and re

duced height of reinforcement 
(1). As welding speed increases, 
the depth of penetration in
creases upto some critical value, 
after which if welding speed fur
ther increases the penetration de
creases (2).

Dilution is a key factor and it is 
essential to establish a procedure 
which will minimise its effects, 
consistent with good bonding and 
sound deposit (3-5).

The parent metal fusion rates in 
different positions with CO  ̂ weld
ing show that vertical up welding 
gives a higher area of penetration 
zone and greater depth of pen
etration. As welding speed in
creases, the depth of penetration 
decreases significantly (1).

In vertical up welding, localisation 
of arc pressure and weight of 
weld pool become more impor
tant, so it is necessary to reduce

the weight of molten pool. This 
can be achieved by using wire of 
smaller size with lower welding 
currents but relatively higher cur
rent densities (6).

Satisfactory results have been 
reported for vertical up single 
pass welding with 0,8 mm solid 
wire in case of mild steel plates 
upto 12 mm thickness. Oscilla
tions are provided to fill the gap 
(5-7). More metal can be depos
ited in vertical up position with 
pulsating arc than with the con
tinuous arc. Output is 50-80% 
higher when welds are made with 
pulsating arc (8,9).

Vertical down position welding 
gives lower values of penetration 
and larger values of bead width 
as compared to vertical up weld
ing. In vertical down position, 
depth of penetration remains al
most constant over the entire 
investigated range of welding
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speeds (1). While welding the 
rooT pass (without root face) 
vertical down position produces 
complete penetration and fusion 
with side walls, thus ensuring that 
the next pass could be welded 
without any lack of fusion (5).

The vertical down fillet welds cost 
less and are equally good in static 
ultimate tensile strength, and bet
ter in fatigue strength as com
pared to vertical up welds (10).

in the present work, investiga
tions have been carried out to 
study the variation of weld bead 
geometry under different welding 
conditions in vertical down posi
tion. Welding in flat position has 
also been done for the compari
son of results.

EXPERIMENTATION

Welding trials were made at dif
ferent welding parameters in 
vertical up, vertical down as well 
as in flat positions. Taking into 
consideration relatively better arc 
stability and weld bead by ap
pearance, the parameters were 
selected for experimentation.

Except for some typical welding 
conditions, highly irregular beads 
were obtained both with solid and 
flux cored wires with vertical up 
position. So vertical down position 
was selected for investigations, in 
which with solid wire above 180A 
welding current and with flux 
cored wire above 160A and 26V 
it was not possible to weld due 
to flowing down of the molten 
metal or flux.

On the above considerations, the 
following parameters were se
lected.

1. Welding current - 100-180A in 
step of 20 or 30A for solid 
wire and 100-1 GOA in step of 
20A for flux cored wire.

2. Welding voltage - 18V-26V in 
step of 4 volts.

3. Welding speed - 15-30 cm 
min ' in step of 5 cm min '

4. Electrode stickout - 10 mm

5. Angle between torch and 
place in vertical position - 
60°.

Weld beads were deposited in flat 
and vertical down positions on 
properly cleaned 10 mm thick 
plates using CO  ̂as shielding gas 
and 1.2 mm solid and rutile type 
flux cored wires.

During welding the plates were 
clamped on rotating table and the 
welding torch was fixed to a 
mobile device. Three weld beads 
were deposited for a particular 
set of welding parameters in both 
positions. Two samples from 
each bead were selected from 
the middle of the bead to avoid 
any nonuniformity due to cold 
start and crater. After polishing, 
the samples were etched and 
dried. The depth of penetration, 
weld width and height of rein
forcement were measured with 
the help of stereo microscope. 
The average of values obtained 
from six samples, has been taken 
in each case.

RESULTS AND DISCUSSIONS

Depth of Penetration

For solid wire the depth of pen
etration is generally lower tor 
higher welding voltages upto a 
certain range of current, and 
beyond this range the penetration 
increases for higher voltages in 
both the flat and vertical down 
positions. This can be observed 
in Fig. 1. Further, at around 150 
A current the penetration 'ound 
to be almost same for all voltages 
for 15 cm min 'speed in both the 
positions. However, this current 
range decreases with the in
crease in speed for flat position, 
while no appreciable change is 
observed in vertical down posi
tion.

For 30 cm min ' welding speed, 
there is no appreciable change in 
penetration for different voltages 
in flat position. However, in ver
tical down position some differ
ence in penetration exists de
pending upon the voltage, except 
that at around 180A current the 
penetration is almost same for all 
voltages.

For flux cored wire, the depth of 
penetration increases with the 
increase in current for all voltages 
and speeds for both the positions. 
Further, penetration is generally 
higher for 26 V as compared to 
18 V welding voltage over the 
entire range of welding current, 
again in both the positions as 
shown in Fig. 2.

The trends obtained for both solid 
and flux cored wires indicate that
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Fig. 1 : Influence of welding current on depth of 
penetration with solid wire in vertical down and flat 
positions for 20 cm min ■ welding speed.

Fig. 2  : Influence of welding current on depth of 
penetration with flux cored wire In vertical down and 
flat positions for 25 cm m m -' welding speed.

Fig. 3 : Influence of welding current on reinforce
ment with solid wire In vertical down position for 
different welding speeds.

Fig. 4 : Influence of welding current on height of 
reinforcement with flux cored wire in vertical down 
position.
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welding current, speed and volt
age are influencing the depth of 
penetration to a certain extent in 
both the positions, except with 30 
cm min ’ speed where the weld
ing parameters do not seem to in
fluence the depth of penetration 
in flat position.

The increase in the depth of 
penetration with an increase in 
the welding current is an estab
lished fact. But in the case of 
changing voltages, the trends of 
variation of penetration may be 
due to particular combinations of 
welding parameters. For lower 
voltage and relatively higher cur
rents, the metal deposited may 
be large which may be acting as 
a barrier for the arc to penetrate 
into the metal leading to reduced 
penetration. When voltage is 
increased then weld width 
increases and deposited metal 
spreads over a larger area reduc
ing the thick layer of molten metal 
between arc and parent metal. 
This may increase penetration 
beyond a certain range of current 
in combination with other param
eters.

Height of Reinforcement

For flat position with solid wire, 
the height of reinforcement in
creases with the increase in 
welding current and decreases 
with the increase in welding volt
age and speed. In vertical down 
position the reinforcement nor
mally slightly increases for lower 
welding voltages as well as lower 
current (120A), for all speeds as 
employed in flat position. Flow-

ever, reinforcement either de
creases or remains constant for 
22 and 26 V depending upon the 
welding speed above 120A cur
rent as shown in Fig. 3.

At 180 A welding current for 26 
V welding voltage and lower 
welding speeds i.e. 15 and 20 cm 
min ’ in vertical down position, 
instead of reinforcement we ob
served depression which is indi
cated by a negative value and 
can be seen in the above figure.

This depression is caused by the 
flowing-down of molten metal due 
to the formation of a large weld 
pool with lower welding speeds. 
The trends observed in the ver
tical down position for reinforce
ment with the increase in either 
welding current or speed, are 
totally different from those ob
tained in flat position, probably 
due to the above reason.

In case of lower welding voltage, 
upto a limited range of current, 
the large weld pool is not formed 
and, therefore, the molten metal 
does not flow down leading to the 
increased reinforcement, but be
yond a certain level of current it 
seems that the molten metal 
starts flowing down. The reduc
tion is observed with higher weld
ing voltages at lower welding 
speeds.

With flux cored wire, the height 
of reinforcement increases with 
increased welding current for all 
voltages at different speeds in flat 
position. Further, tor lower weld
ing voltages the reinforcement is 
higher than that for higher volt

ages over the entire range of 
current. These trends are almost 
similar to those observed with the 
solid wire in flat position. In ver
tical down position with flux cored 
wire, the reinforcement increases 
with the increase in welding cur
rent upto a certain level and then 
slightly decreases with 15 and 20 
cm min ’ speeds. The level of 
current upto which the increase in 
reinforcement is observed, in
creases with the increase in the 
welding speed (Fig. 4). For weld
ing speeds above 20 cm min 
’ , reinforcement increases over 
the entire range of welding cur
rent for all vpitages.

The reasons for the above phe
nomenon may be same as in the 
case of solid wire as discussed 
earlier. Flowever, for higher weld
ing voltage with higher speed the 
trends are different as compared 
to solid wire. This can be attrib
uted to the fact that the amount 
of molten metal in weld pool may 
be more with the solid wire, as 
compared to flux cored wire, for 
a particular set of welding param
eters because of flux in the wire, 
which may cause reduced down
ward flow of molten metal as 
compared to the case of solid 
wire.

Weld Width

The weld width with solid wire in 
flat position, increases with the 
increase in welding current and is 
also higher for higher welding 
voltages. But the weld width de
creases with the increase in 
welding speed.
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Fig, 5 : Influence of welding current on weld width 
with solid wire in vertical down position.
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Fig. 6 : Influence of welding current on weld width 
with flux cored wire in vertical down position.

Fig. 5 indicates that in vertical 
down position with solid wire at 
15 cm min ' welding speed, the 
weld width continuously increases 
tor 18V, but for 22 and 26 V, first 
it increases and then decreases 
after a certain level of current. At 
20, 25 and 30 cm min"' welding 
speeds, the weld width generally 
increases with the increase in the 
welding current for all voltages. 
Also the weld width is invariably 
higher for higher welding volt
ages.

The decreasing trend of welding 
wdith after a certain level of cur
rent with higher voltages at 15 cm 
min ' speed may be due to the 
reason that perhaps the weld pool 
becomes relatively large, and 
also that due to higher energy

input at low welding speeds, the 
molten metal will not be able to 
solidify quickly and therefore, 
metal from a larger weld pool 
may flow down because of gravity 
resulting in the decrease of weld 
width.

It has been observed that with 
flux cored wire the weld width in 
fiat position generally increases 
with the increase in welding cur
rent for all welding speeds and 
voltages. The weld width is how
ever higher for higher welding 
voltages as compared to low 
voltages. The above observations 
are almost similar to those in the 
case of solid wire in flat position.

Fig. 6 depicts the influence of 
welding current on weld width for

flux cored wire in vertical down 
position. For 15 cm min ' welding 
speed, weld width either remains 
constant or first slightly increases 
and then decreases. This trend is 
more or less similar to that ob
served in the case of solid wire 
in vertical down position with 22 
and 26 V for 15 cm min ' speed. 
At 20 cm min' speed the weld 
width increases with the increase 
in welding current for all voltages 
and speeds. Similar trends are 
observed for higher speeds also.

For the phenomenon with 15 cm 
min' welding speed, the reasons 
may be the same as given for 
solid wire. In addition to those 
reasons, probably another reason 
may be that the larger amount of 
molten flux flowing down with flux
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cored wire may act as a barrier 
between the arc and parent 
metal, thus causing lesser melt
ing of parent metal on the sides 
and resulting in smaller weld 
width. The weld widths obtained 
in case of 15 cm min '' welding 
speed are even lower than those 
obtained with 30 cm min ' welding 
speed except in a very low cur
rent range.

CONCLUSIONS

With solid wire the depth of 
penetration and height of rein
forcement are higher in flat posi
tion as compared to vertical down 
position tor the same welding 
parameters under satisfactory 
welding conditions. However, the 
weld widths obtained with solid 
wire in vertical down position 
were generally higher as com

pared to flat position. Almost 
similar results are obtained for 
weld bead geometry with the flux 
cored wire.
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P i E D IT O R .______________________________________ _

Dear Readers,

We invite you to send articles on Welding and Allied Technology for publication 
in the forthcoming issues of the Indian Welding Journal, as per guidelines given 
below.

Your article should be neatly typed on Electronic Typewriter in double spacing  
in A4 size paper. All photographs should be of 1 4 0  X 8 5  mm. Sketches and 
Graphs are to be neatly drawn on tracing paper with 2 5  mm margin on all 
sides. Sketches, Graphs, Photographs (black & white) should be serially numbered 
with appropriate reference in the body of the paper.

Your early response on this matter will be much appreciated.

Regards,
Editor
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