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The weldpool geometry has a large 
bearing on the quality of the GTA 
welds. It is affected by the welding 
current, the shielding gas composi
tion and the presence of trace ele
ments. There is also an inherent 
variability in the weldpool geometry, 
particularly in the automatic GTA 
welding process. The need for im 
proving penetration and neutralising 
the inherent variability have led vari
ous researchers to work on the effect 
of shielding gas and introduction of 
minor elements in some metals and 
alloys on the weldpool geometry. 
This paper reviews the relevant pub-- 
lished literature on controlling pen
etration in GTA welding.

INTRODUCTION

The second and the third quarter of 
the present century can be consid
ered as the golden era of the devel
opments in the field of welding tech
nology. During this period, many new 
welding processes, consumables 
and equipment have been commer
cialised. One such process is the 
gas shielded tungsten arc (GTA) 
welding, patented initially in the early 
thirties in the USA and subsequently 
put to industrial use in the forties. It 
came into the market primarily to ;

a) cope up with the difficult task of 
welding highly oxidisable metals 
and alloys as well as stainless 
steels.

b) get clean welds free from en
trapped slag and flux residue 
(as with MMAW and SAW), and

c) have a better control over the 
weld by using a concentrated 
heat source with a nonconsum
able tungsten electrode.

Since then, its area of application 
has extended to cover C-Mn steels, 
alloy steels, stainless steels and 
nonferrous metals such as copper, 
titan ium , z ircon ium , etc. for 
fabrication and repair welding. One 
of the driving forces for the present 
level of development is the amena
bility of GTA welding to automation. 
This feature has been fully exploited 
making it ideal for joining of critical 
com ponents, pa rticu la rly  those 
requiring low heat input.

The shape of the GTA welds affects 
the quality and the precision of the 
job. The depth of penetration in GTA 
welding is normally shallow and is 
less than that in MIG and SAW pro
cesses. M oreover, the m inor

inherent variations in the arc char
acteristics may affect the weld shape
(1 ) and the welds made by automatic 
GTA process are normally unable to 
compensate for the inherent variabil
ity in the weldpool geometry. Such 
a situation is not acceptable for pre
cision joints and hence there has 
been a search for solutions capable 
of making the weld free from variable 
penetration profile.

WELD SHAPE

In the search for conditions ensuring 
predictable and reproducible weld 
shape which are critical in high pre
cision automated welding applica
tions, a new finding came to light. In 
numerous instances, variations in 
GTA weld shape among different 
heats of materials having the same 
nominal composition and using iden
tical welding parameters were ob
tained (1-2, 4-12). It has been re
ported that the weld shape, as mea
sured by the depth to width ratio 
(dlw) can vary even by more than a 
factor of two. The variations in the 
weld shape has been traced to dif
ferences in the residual element in 
the range of 50 to 100 ppm of the 
materials being welded. It is largely 
accepted that the GTA weld pool
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shape is determined by the fluid flow 
patterns existing in the weld pool 
during welding. The dominant force 
responsible for the weld pool fluid 
flow is the surface tension gradient. 
Surface active trace elem ents, 
present in the base metal and/or 
coming from the shielding gas/filler 
rod, which segregate to the liquid 
surface, may lower the surface ten
sion and change the temperature 
dependence of the surface tension 
and thereby modify the surface ten
sion gradient.This, in turn, changes 
the fluid flow in the weld pool and 
thus the weld shape.

The surface tension gradients can 
also be altered by changing the tem
perature gradients on the weld pool 
surface. The magnitude of the sur
face temperature gradient is deter
mined by the heat input to the weld 
as well as its distribution so that the 
temperature gradients can be varied 
by changing the welding parameters. 
While the input power is a function 
of the welding current and the arc 
voltage (which in turn is dependent 
on the shielding gas composition), 
the distribution of the input power is 
a function of the concentration and 
shape of the heat source. The 
factors whicn affect the surface 
tension gradient are the shielding 
gas, the electrode shape and size, 
and the presence of the active and 
residual elements.

Shielding Gas

In the GTA welding process, usually 
the shielding gas is an inert gas like

argon or helium(3). Sometimes for 
some specific reasons, an active gas 
like hydrogen, oxygen, nitrogen or 
carbon dioxide is also used along 
with argon and/or helium. The shield
ing gas is selected according to the 
material being welded and the pen
etration pattern desired. For ex
ample:

a) Commercially Pure argon is fre
quently used as a shielding gas 
in GTA welding of austenitic 
stainless steels. It gives a clean 
weld metal, and the arc and the 
weld pool are stable. The pen
etrating power of the arc is, 
however, rather weak.

b) Helium and helium-argon mix
tures, typically 70/30 helium/ar
gon, have several advantages 
including higher rate of heat 
input and hotter arc. The greater 
rate of heat input is caused by 
the higher ionisation potential of 
helium which is approximately 
25eV compared with 16eV for 
argon. This fact is responsible 
for promoting higher welding 
speed (helium can give 160% 
higher welding speed than ar
gon) and producing an improved 
weld bead penetration profile. 
The d isadvan tages of using 
helium include high cost (cost of 
helium is roughly three times 
that of argon) and the difficulty 
in initiating the arc.

c) The penetrating power of argon 
can also be improved by adding 
hydrogen to argon, typically 2  to

25% hydrogen. Argon-hydrogen 
mixtures can be used for weld
ing mild steel, austenitic stain
less steel and nickel alloys. The 
advantages of adding hydrogen 
to argon are that the shielding 
gas is slightly reducing, can pro
duce clean welds and make the 
arc more constricted, thus en
ab ling  h igher speeds to be 
achieved (the speed increases 
by about 80% with 5% addition 
of hydrogen to argon) and/or 
producing an improved weld 
bead penetration profile (that is, 
greater depth to width ratio).But 
the use of hydrogen gas proffers 
the risk of hydrogen induced 
cracking in carbon and alloy 
steels, and weld metal porosity 
in metals such as ferritic steels, 
aluminium, copper and magne
sium based alloys. Hydrogen in
creases the arc voltage by 1 0  to 
2 0 % and thus makes the arc 
hotter. A higher voltage is desir
able for welding thicker sections 
and materials of higher thermal 
conductivity.

d) N itrogen and n itrogen-argon 
mixtures (upto 50% nitrogen) 
make the arc extremely hot and 
hence are beneficial when weld
ing copper. It helps in overcom
ing the ch illing  effect of the 
material.

e) The use of oxygen or its gas
eous compounds mixed with a 
conventional shielding gas like 
argon, offers a simple method of
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improving the shallow penetra
tion, of austen itic  sta in less 
steels. The optimum contents of 
oxygen, carbon dioxide, or sulfur 
dioxide in argon varies from 
about 0.05 to 0.30% resulting in 
the d/w ratio varying from 0.4 to
0.6. Lower or higher contents 
generally result in lower d/w ra
tios. One hindrance of using 
these active gases is the oxida
tion potential of the tungsten 
electrode. It is believed that the 
surface tension of the weld pool 
is modified by oxygen (or oxy
gen d issoc ia ting  from  other 
gases) and this affects the weld 
pool profile.

Residual Element
It has been observed that chemical 
variations from cast-to-cast introduce 
variations in weld bead shape and 
penetration during mechanised au
togenous GTA welding of materials 
nominally to the same specification 
using pure argon as the shielding 
gas (1-2, 4-12). In some cases, a 
variation of d/w from 0.12 to 0.25 has 
been reported in austenitic stainless 
steels. It is, therefore, a matter of 
concern. It has been established that 
the melting variability may introduce 
small differences in the chemical 
compositions (at micro level) be
tween heats of the same type of aus
tenitic stainless steel. Any minor dif
ference in some of those elements 
such as S, 0 , Al and Ca have been 
found to affect significantly the weld 
penetration. For example, as the 
amounts of S and 0  in the base

metal increase, the d/w ratio in 
creases (that is, the weld penetration 
increases and the bead width de
creases). Similarly, as the percent
ages of Al and Ca increase, weld 
penetration decreaes and the bead 
width increases.

Mos\ literature on variable weld pen
etration agrees that S has the domi
nant effect on penetration. As a 
general rule, S begins to have a 
detrimental effect on weld penetra
tion in austenitic stainless steels at 
levels less than 0 . 0 1  weight% ( 1 0 0  

ppm) with the effect of dramatically 
increasing with levels below 60 ppm. 
Similarly, selenium in 304L stainless 
steel has also been found to affect 
the d/w ratio significantly (Fig.1). It 
has also been earlier mentioned that 
introduction of oxygen (say through 
the shielding gas) can also increase 
the d/w ratio. Thus it can be said that 
the actual weld penetration will de
pend on the combination of trace 
elements present in a specific ma
terial, heat and the shielding gas 
composition.

Attempts to minimise the effects of 
the chemical composition variability 
on the weld penetration profile in the 
mechanised GTA welding have led 
some researchers to try to use some 
doping elements through a suitably 
formulated ‘flux’ with the idea that 
the resultant penetration will be high 
to compensate for any variability as
sociated with the trace elements. 
The concept of using a ‘flux’ with 
GTA welding to increase penetration
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Fig 1. GTA weld d/w ratio versus weld 
current for low sulfur 304L stainless 
steel (20 ppm) base metal as well as 
sulfur and selenium doped zones. (Ref. 
12).

was first introduced by the Paton 
W elding Institute in the Ukraine. 
Some of the fluxes have been made 
by mixing inorganic powders sus
pended in a volatile liquid media 
(such as acetone, m ethanol or 
m ethy l-e thy l-ke tone). This has 
revolutionised the process of GTA 
welding.

CONCLUSION
There has been revolutionary devel
opments in the GTA process in the 
recent years. It is leading to a weld
ing process with capability to pro
duce ultrahigh quality welds with 
consistent weld shape.
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