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Weld bead geometry and heat affected zone which are generally dependent on the welding parameters may
also be influenced by the chemical composition of flux i.e. the flux base and its basicity in submerged arc
welding. The different flux constituents which impan different physical/chemical properties to the flux may
also affect the weld bead geometry and heat affected zone.

Investigation have been carried out to study the combined effect of welding parameters and flux basicity
which is one of the measure for chemical nature of the flux on weld bead geometry and heat affected zone
in the case of mild steel.

It has been found that the welding parameters and flux basicity appreciably influence the depth of
penetration and the weld bead width. The reinforcement is also influenced by the welding parameters,
however, flux basicity does not seem to affect reinforcement appreciably.

The widths of heat affected zones at the centre line of the weld bead and at the toe of the weld are appreciably

influenced by the welding parameters. Higher basicity fluxes generally give

affected zones as compared to low basicity fluxes.

INTRODUCTION

The weld bead geometry and heat affected zone are
affected by a number of variables such as welding
current,welding  voltage,welding speed, electrode size
and extension, width and depth of flux and the nature
of flux in the case of Submerged Arc Welding. In
addition to above the heat affected zone is also influ-
enced by the thickness of the base material, thermal
conductivity of the base material, as well as the initial
temperature of the base material.

From the available literature it has been found that
the influence of the chemical nature of the flux i.e.
flux basicity as well as welding parameters on weld
bead geometry and heat affected zone have not been
systematically investigated. Therefore, experimen-
tal investigations have been carried out to evaluate
the influence of welding parameters and flux basicity
on weld bead geometry and the width of heat affected
zones at the centre line of the weld and toe of the weld
in submerged arc welding in case of mild steel over a
selected range of welding parameters with different
fluxes having different basicity.

BRIEF LITERATURE REVIEW

The influence of various welding parameters which
affect the weld bead geometry, have been studied by
various investigators. It ‘has been reported that the
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welding current controls the rate at which electrode
melts, dimensions of the weld bead, flux consumed
and the amount of base metal melted. Increased
welding current increases the penetration, the rein-
forcement and the melting rate. Weld bead width also
increases with the welding current, reaches a maxi-
mum and then remains constant or decreases [1,2].

Increases in the welding voltage produces a flatter
and wider bead, increases flux consumption and
tends to reduce porosity. Excessively high or low
welding voltages may produce undesirable bead and
slag removal may be difficult [1,2].

Increase in the welding speed reduces the heat input
per unit length of the weld, consequently, the weld
reinforcement, penetration and weld width decrease.

A smaller diameter electrode has high current den-
sity and higher deposition rate than a large diameter
electrode at -any given current level. Penetration
decreases with the increase in electrode diameter at
constant current because of reduced current density.
Further, the increase in electrode extension leads to
decrease in bead width and penetration and increase
in the bead convexity [1-3].

Flux constituents affect the flux properties which in
turn affect weld bead geometry and shape. Influence
of some major constituents of the submerged arc
welding fluxes is given below:
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Fig. 3. Influence of welding current on depth of Fig. 4. Influence of welding current on depth of
penetration at welding voltage 34V. penetration at welding voltage 38V.
Table Fluxes with their Chemical Composition and Basicity Index
Flux Type of % Chemical Comosition Basicity
Manufacture Si0,+TiO, CaO+MgO Al,0,+MnO CaF, Index
Fl FUSED 35 35 25 - 1.2
F2 FUSED 30 25 35 10 1.4
F3 FUSED 20 30 20 20 2.5
F4 AGGLOMERATED 15 35 20 25 3.1
F3 AGGLOMERATED  §i0,=10% 30 20 35 3.5
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Silica (SiO,) which is one of the important ingredient
of submerged arc welding fluxes, decreases the width
depth ratio i.e. higher penetration [4,5].

MnO leads to alloying of Mn into the weld metal by
reduction reaction and favours higher welding speeds
and deeper penetration [S5-7]. Basic constituents like
CaO, CaCO,, CaF, produce shallow penetration,
however, MgO leads to deep penetration [5,8].

Sodium, potassium salts and other elements which
improve arc stability and reduce cathode spot wan-
dering, generally increase penetration [4].

In addition to chemical properties of the flux, physical
properties also affect weld bead geometry e.g. larger
grain size of flux can give rise to lumped peaky weld
bead with increased penetration, lower the surface
tension of the molten flux better the weld appearance.
Further, a flux with a high viscosity will tend to
confine the molten weld pool, thus increasing the
heat input for a given area and resulting into deeper
penetration [4,9].

Due to severe thermal cycle during welding, original
microstructure and properties of the metal in region
close to the weld are changed. This volume of the
metal or zone is usually referred as heat affected zone
(HAZ) and is influenced by heat input, thickness,
initial temperature and thermal conductivity of the
base material [10].

Heat input and cooling rate which depend on welding
parameters and type of flux i.e. its properties, play
major role in deciding the extent of HAZ, microstruc-
ture and hardness. HAZ width is increased when
preheating is offered. Higher cooling rate leads to
smaller HAZ width, while slow cooling rate leads to
larger HAZ widths [10, 11].

EXPERIMENTAL PROCEDURE

For carrying out the investigations five commercial
fluxes of different basicity indices were selected. The
approximate composition, basicity indices and manu-
facturing type are given in the Table I.

Beads on plates were deposited using different fluxes
on mild steel plates containing 0.22% carbon, and
1.0% manganese at different setting of welding para-
meters, the details of which are given below:

Welding current 450-850A in steps of 100
Welding voltage 26-34 V in steps of 4
Welding speed 40 cm min'

Electrode extension 25 mm

Flux height 50 mm

Welding was carried out with 4 mm diameter eletrode
wire containing 0.12% C, 1.8% Si. The transverse
sections of the weld bead were taken from the por-
tions where stable beads were obtained i.e. neglecting
the cold start length and crater portion. The depth of
penetration, weld bead width and reinforcement were
measured with the help of microscope. The width of
HAZ were measured at two different regions i.e.
along the central line and at the toe of the weld.

RESULT AND DISCUSSIONS
Weld Bead Geometry

Fig. 1-4 show the influence of welding current on the
depth of penetration for different fluxes. From the
figures it can be observed that:

(1) The depth of penetration increases with the in-
crease in welding current over entire investi-
gated range.

(2) Fluxes with lower basicity lead to higher depth of
penetration upto 30 V as compared to the fluxes
having higher basicity. However, for 34 V the
penetration is lower with fluxes having lower
basicity.

(3) Gap between the curves corresponding to differ-

ent fluxes decreases with the increase in the
welding  voltage.
The increase in penetration with the increase in

welding current is an established fact. With the
increase in welding current the energy input per unit
length of weld seam increases if other welding para-
meters are not changed. Though large part of energy
may be consumed in the melting of more flux and
electrodes wire, still a part may be available for
melting large amount of parent metal thus leading
towards increased penetration.

For flux F1 (Basicity index (B.I.-1.2) the penetration
is almost highest over the entire range of welding
current for 26 and 30 V welding voltage, while for
fluxes F4(B.I -3.1) and F5 (B.I. -3.5) it is lower over the
entire range of the welding current . However, this
trend is reversed with 34 V welding voliage. To get
further clarification about this phenomenon, welding
was carried out at 38 V with two fluxes F1 & F4 and
results are shown in Fig.4, where the penetration is
also lower with flux Fl. This indicates that the
phenomenon has changed somewhere between 30 &
34V. It is very difficult to assign any specific reason
for this changed behaviour of fluxes F1,F4 & F5.
However, on the basis of previous work (12) the
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possible reason may be the amount of flux consumed
per Kg of weld metal. It has been reported that with
the increase in welding voltage the flux consumption
for both fluxes F4 & F5 does not increase appreciably
with the increase by about 0.045 Kg/Kg of weld metal
per volt, while for flux F1 it increases appreciably and
is 0.155 Kg/Kg of weld metal per volt. This indicates
that the heat consumed for the melting of flux in-
creases appreciably for flux F1 as compared to F4 &
FS with increase in the wclding voltage. This results
into lesser heat available for the melting of parent
metal when welding with the flux F1 at higher
voltages and thus the reduced depth of penetration.

At lower voltage, it seems that the influence of heat
consumption for melting of fluxes is not dominating
but the influence of flux constituents is a dominating
factor. That is why the fluxes with lower basicity give
higher penetration and the larger gap between the
curves at lower welding voltages. With the increased
welding voltage, flux consumption increases, and
because of higher rate of consumption with flux of
lower basicity, the depth of penetration reduces rela-
tively which leads to reduction in the gaps between
the curves. With further increase in the welding
voltage, the gap further reduces and ultimately
reverse trend is obtained.

Figs. 5-7 show the influence of welding current and
voltage on the weld bead width for different. fluxes.
From the figures it can be observed that:

1. The bead width increases with the increases with
the increase in the welding current upto a certain
current level and then decreases for all values of
welding  voltages.

2. The bead widths obtained are lower for fluxes of
lower basicity at lower welding voliages, while
the trend changes for higher welding voltage i.e.
34V. The trend for flux F3 is not very clear and it
is difficult 10 give any comment at this stage.

3. The bead widih increases with increase with in-
crease in the welding voltage over the entire
range of investigation for fluxes F1, F2 & F3.
However, for highly basic fluxes F4 & FS, the
width first increases with increase in the welding
voltage and then decreases.

4. The difference between the width of weld beads
for different fluxes at a particular current level
increases with increase in the welding voltage.

5. The current level at which maximum width is
obtained,invariably increases with increase in
the welding voltage for all the fluxes.

The increase in the weld width with increase in the
welding current for a particular voltage may be due
to the heat supplied by arc. However, with further
increase in the current, the arc may become shorter
and too penetrating leading to the increased depth of
penetration but the reduction in the weld width,
Further,the increased amount of molten flux around
the arc shall try to constrict the arc specially at the
surface of the plate where molten flux tries to get
accumulated. This may also reduce the width of weld
bead.

The amount of above mentioned arc constriction shall
depend on the fluidity and amount of the molten flux
as less viscous flux shall flow down in larger
amount,leading to larger constriction of the arc and
more viscous molten flux shall lead to lesser constric-
tion of the arc. This phenomenon is more dominating
at higher welding voltage as compared to lower volt-
age.

Figures 8-10 show the values of reinforcement of weld
beads for different welding currents and voltages for
different fluxes. From the figures it can be observed:

1. The reinforcement increases with increase in the
welding current for all the fluxes.

2. The reinforcement decreases with increase in the
welding current for all the fluxes.

3. No significant increase in reinforcement is ob-
served upto welding currents 550A, 650A & 750A
for welding voltages 26V, 30V & 34V respec-
tively. Beyond the above mentioned current lev-
els for a particular welding voltage reinforce-
ment increases appreciably.

4. No definite trend of reinforccmenl with respect
to basicity is found within the range of investiga-
tions.

The increasing trend of reinforcement with increase
in the welding current and decreasing trend with
increase in the welding voltage are well established
facts which have been observed. However, the oc-
curance of appreciable change in reinforcement be-
yond a particular welding current level for a particu-
lar welding voliage is due to gradual increase in the
weld width upto that level. Beyond the above men-
tioned current levels the appreciable change in rein-
forcement may be caused due to appreciable decrease
in the weld width as well as increased amount of
electrode melting in most of the cases as discussed
earlier.
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Fig. 11. Influence of welding current on width of
HAZ (at centre line of weld bead) at
welding voltage 26V.

Width of HAZ at Centre Line and at Toe Of Weld:

Figures 11 & 12 (which are representative figures)
give the influence of welding current on width of HAZ
at the centre line of weld bead and at the toe of the
weld respectively at 26, 30 and 34 V welding voltages.
It has been observed that the HAZ width at centre
line:

1. Increases with increase in the welding current
for all fluxes at different welding voltages.

2. Decreases with increase in the welding voltage
for low basicity fluxes for lower current range i.e.
upto 550A, and beyond 550A first increases then
decreases with increase in the welding voltage
and increases for the high basicity fluxes in most
of the cases.

3. Decreases invariably with the increase in the ba-
sicity of the flux for particular setting of the weld-
ing current at 26V and 30V welding voltages,
however,trend changes for 34V welding voliage.

The width of HAZ at the centre line seems to be
directly influenced by the depth of penetration i.e.
higher the depth of penetration more is the width of
HAZ. This seems to be reasonable because higher
depth of penetration, normally means larger melting
of the parent metal by higher rate of heat input,
which should increase the width of HAZ at the centre
line unless some fast cooling is provided by the weld
backing. In our case we have not provided any weld
backing like Cu-plate etc. and the thickness of the
used plate is also reasonably large i.e. 20mm, so the
higher heat seems to increase the width of HAZ.

Further, with the fluxes with higher basicity indices

Fig. 12. Influence of welding current on width of
HAZ (at toe of weld) at welding voltage
26V.

where we have observed that the depth of penetration
increases with increase in the welding voltage, the
width of HAZ also invariably increases. Also, for
fluxes with low basicity indices where the depth of
penetration increases with increase in the welding
voltage 26 to 30 V and then decreases for 34 V, the
HAZ width follows the same trend beyond the level of
SS0A. However, in the low current range i.e. upto
S5S0A, the HAZ width invariably decreases with the
increase in the welding voltage. It is difficult to assign
any specific reason for such behaviour of the fluxes F1
& F2.

Further, it is also observed that the HAZ width at toe
of the weld:

1. Increases with increase in the welding current
for all the fluxes.

2. Increases invariably with increase in the weld-
ing voltage for low basicity fluxes. However, for
high basicity fluxes in most of the cases it first in-
creases with increase in the welding voltage and
then decreases with increase in the welding
voltage and then decreases with the further
increase in the welding voltage to 34 V.

3. Is having no definite trend w.rt flux basicity
except that lower values of HAZ are observed
with highly basic fluxes in many cases as com-
pared to low basicity fluxes in lower welding
current range.

4. In~reases appreciably at 850A welding current
for all welding voltage for all fluxes. Under these
conditions it has also been found that the weld
width appreciably decreases as discussed earlier.
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The increase in the width of HAZ with increase in the
welding current can be attributed to the fact that the
ratc of heat input increases with increase in the
welding current. The different widths of HAZ ob-
tained with different fluxes at the same welding
parameters may be due to different proportions of
heat shared by the molien flux and weld metal.

CONCLUSIONS

On the basis of the results of experimental investiga-
tions the following conclusions can be drawn:

1. The depth of penetration increascs with increase
in the welding current and the fluxes with lower
basicity give rise to higher depth of penetration
upto 30V. However, if welding voltage is in-
creased the depth of penetration is reduced with
fluxes of low basicity as comparcd to the high
basicity fluxes.

2. The weld bead width increases with increase in
the welding current upto a ceriain current level.
This current level is dependent on the type of flux
and welding voltage. With the further increase in
welding current the weld bead width decrcase for
all fluxes at different welding voltages.

3. The current level at which maximum weld width
is obtained increases invariably with increase in
the welding voltage for all (luxes.

4. Smaller bead widths are obtained with fluxes of
lower basicity upto 30V. However,at 34 V weld-
ing voltage this trend changes i.e. smaller bead
widths are associated with fluxes of higher ba-
sicity indices.

5. The reinforcement increases with increase in the
welding current and decreases in thc welding
volitage. However, flux basicity does not seem 1o

6. The widths of HAZ at the centre line of the weld
bead as well as at toe the weld increase with
increase in the welding current. Further, these
invariably decrease with the increase in the
pbasicity of the flux for similar welding conditions.

REFERENCES
1. American Welding Society, Welding Handbook, Vol 2, 7th
Edition.

2. Renwick, B.G. and Patchett, B.M., ‘Operating characteristics
of the submerged arc process’, Weld. J., March 1976, pp 69s-
76s.

3.  Jackson, CE., ‘The Science of Arc Welding’, 1959 Adams
Lecture, Weld., J., April 1960, pp 129s-140s.

4. Schwemmer, D.D. and Olson, D.L., ‘Relationship of weld
penetration to welding fluxes’, Weld. J., April 1979, pp 153s-
160s.

5.  Ferrera, KP. and Olson, D.L., ‘Performance of the MnO-SiO,-
CaO systems as a welding fluxes’, Weld. J., July 1975, pp 211s-
215s.

6. Vishvanath, P.S., ‘Submerged arc welding fluxes’, Indian
Welding Joumal, Jan. 1982, pp 1-11.

7. Eager, T.W., ‘Source of weld metal oxygen contamination
during SAW', Weld. J, March 1978, pp 76s-80s.

8. North, T.H. et al., 'Slag/Metal interactions, Oxygen and
Toughness in SAW', Weld. J., Feb.1978, pp 63s-75s.

9. Davis, M.L.E. and Bailey, N., Properties of submerged arc

fluxes-fundamental studies’, Metal Construction, April 1982,
pp 202-209.
10. Kaae, J.L. ‘Mechanical propenies, Microstructure and sus-

ceptibility to cracking in the HAZ of controlled rolled niobium
treated low carbon, manganese steels’, British Weld. J., Aug.
1968, pp. 395.

11. Tandon, S., Kaushal, G.C. and Gupta S.R., Effect of flux
characteristics on HAZ during submerged arc welding’, Inter-
national Conference on Welding Technology, Univ. of Ro-
orkee, Sept. 1988, pp Il 65-73.

12. Gupta, SR., et. al, ‘Investigations into Flux Consumption in
Submerged Arc Welding', Indian Weld. J., July 1988. pp. 365-

affect reinforcement appreciably. 370. B
Reaver’s Carp Is For You
to communicate to the Editor
Your views, information, suggestions

for improvement,

personal news.

INDIAN WELDING JOURNAL, JULY, 1



CUSTOM BUILT WELDING SET UP

SHORTEST WAY.FOR:

TOP QUALITY, HIGH PRODUCTION
MAXIMUM PROFIT




