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ABSTRACT

To study the influence o f welding parameters on arc efficiency during pulse TIG welding o f aluminium and mild 
steel, the heat loss through radiation was collected from a coil placed around the arc and the heat loss from torch 
was measured through the water employed for its cooling. 'The investigations revealed that the welding parameters 
and material o f the work piece have definite influence on TIG arc efficiency. Higher efficiencies are associated with 
the welding o f aluminium as compared to that o f mild steel.

INTRODUCTION

In a fusion butt weld a molten pool 
is m aintained across the abutting 
edges to be joined and moved along 
the seam to complete a weld. The 
source of heat for the pool is the 
power dissipated in the immediate 
area of the arc. Of this only a part 
enters the weld pool, the remainder 
being dissipated in the arc column 
and at the electrode. From the heat 
entering the weld pool, some is lost 
by conduction to the metal plates 
and som e lo s t by ra d ia tio n  or 
convection from the pool. Only the 
heat used in melting the weld bead 
is usefully utilised. It is obvious that 
a fraction of energy dissipated from 
the arc enters into the work piece 
and remaining is lost in conduction, 
radiation and convection. Hence the 
idea of arc e ffic iency com es into 
existence. Arc efficiency is defined 
as the ra tio  of to ta l ene rgy that

enters into the work piece to the total 
energy input to the welding arc [1,2].

To find out the arc efficiency a simple 
c a lo rim e te r is used to m ieasure 
losses, which occur during welding 
for a unit length of weld [3].

A rc efficiency values have usually 
been determ ined by requ iring  an 
agreem ent between the predicted 
and measured -temperature histories 
near the molten zone for a depth or 
width of the molten zone. Published 
values vary from 21 to 80%. This 
large range has generated interest in 
the deve lop m en t o f m e thods for 
m easuring the energy transferred 
d u rin g  w e ld ing  ra th e r than 
d e te rm in in g  th is  from  w e ld ing  
temperatures [4,5].

The above relationship is important 
since most heat transfer expressions 
d e rive d  fo r p re d ic tin g  w e ld  
temperature distribution and cooling

rates depend upon the insertion of 
an efficiency term for their solution. 
If the tran s fe r e ffic ie ncy  o f tota l 
energy input is not considered, the 
energy term does not represent the 
actua l ene rgy en te ring  the p late 
which results into wrong estimation 
of heating and cooling behaviour and 
hence metallurgical response will not 
re s u lt in des ire d  m echan ica l 
properties [6],

Fuerschbach et.al. [7] defined the 
ratio of peak current time to the cycle 
time as duty cycle and found that the 
arc e ffic ie n cy  rem a ins  re la tiv e ly  
constant for large changes in the 
du ty  cyc le  w h ich  c o rre s p o n d  to 
s u b s ta n tia l chan ge  in the peak 
c u rre n t leve ls . T h e re fo re , arc 
efficiency seems to be independent 
of duty cycle as well as average 
current. Further, it has also been 
reported that for continuous current 
welds with the increasing welding
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F ig .1 : In fluence  o f pu lse  m ean cu rre n t on a rc  e ffic iency  fo r va rio u s  
pu lse  fre q u e n c ie s  to r  w e ld in g  o f a lum in ium  and  m ild s tee l

speeds, TIG p ro ce ss  e x h ib its  a 
nearly constant level of arc efficiency 
with the exception of very slow travel 
speeds where a slight decrease is 
observed.

E xperim ents w ere ca rried  ou t to 
study the influence of power input on 
the arc efficiency and it has been 
reported that the efficiency remains 
almost constant over a wide range 
of power inputs [8], Further, the tip 
vertex angle of the electrode does 
not bring in any appreciable change 
in arc efficiency [9],

EXPERIMENTAL PROCEDURE

During welding for evaluating pulsed 
TIG arc efficiencies, the heat lost by 
rad ia tion  and part o f conve c tive

lo sses  w ere  c o lle c te d  th ro ugh  
copper coil placed around the arc 
and cathode heat loss through the 
water flowing for cooling of TIG torch
i.e. the tungs ten  e lec trode . The 
w a te r-c o o le d  co p p e r co il was 
clamped firmly on the torch.

The w a te r flow ing  th ro u g h  the 
coo lin g  co il and the to rch  w ere 
co lle c te d  s e p a ra te ly  in d iffe re n t 
calorim eters to determine the heat 
collected as losses.

Aluminium and mild steel were taken 
as work pieces for welding during the 
in v e s tig a tio n s  to d e te rm in e  the 
in fluence of nature of work piece 
material on arc efficiencies. Welding 
was carried out both on properly 
cleaned alum inium and mild steel

plates, which were clamped on the 
worktable. An electrode EWTh2 of 4 
mm was used. Two observations 
w ere  m ade fo r each set of 
parameters and average was taken 
for calculation of arc efficiency.

The welding variables were selected 
as follows :

Electrode Polarity Negative

Back-ground Current 60-160 A

Pulse Current 140-240 A

Pulse Frequency 1-9 Hz

Gas Flow Rate 6,9,12,15 Lit min’ ’

Arc Voltage 

Speed

20,23,27,30 Welding 

10,15,20, 25cm min''

For calculating the arc efficiency, heat 
input i.e. the actual amount of heat 
going to the work piece was calculated 
by substracting the heat losses (i) to 
cool the tungsten electrode and torch, 
described as conduction loss and (ii) 
the amount of heat carried by the 
water flowing through copper cooling 
coil collected in calorimeter described 
as radiation and a part of convection 
losses from energy input to the arc.

The ratio of the heat input to the work 
piece calcu la ted as above to the 
energy input to the arc was taken as 
arc efficiency.

Arc efficiencies have been calculated 
assum ing the m ajor heat losses 
through rad ia tion  and from  the 
electrode, which is cathode. Other

• heat losses such as heat lost through 
flow  of sh ie ld ing gas (convective  
losses) etc. are assum ed to be 
negligible though they are bound to 
ex is t and may som etim es be
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substantial, It is expected that some 
part o f convective  lie a t w ill be 
absorbed by the water flowing through 
copper coil.

RESULTS

Figure 1 gives the influence of pulse 
mean current on arc efficiency as a 
representative case. From the figure it 
can be observed that the arc efficiency 
decreases with the increase in mean 
current at all the observed frequencies 
for both aluminium and mild steel as 
work pieces. However, effic iencies 
associated while welding of aluminium 
are higher than those obtained with 
mild steel.

S im ilar to the in fluence  o f m ean 
current, the arc efficiency decreases, 
if either the base current is increased 
or the pulse current is increased. This 
can be observed in figures 2 and 3.

Figure 4 depicts the influence of arc 
voltage on the arc efficiency. From the 
figure, it can be observed that the arc 
efficiency decreases with the increase 
in the arc voltage i.e. arc length. This 
trend remains unchanged for both mild 
steel and aluminium, even if pulse 
frequency is changed.

Figure 5 gives the influence of pulse 
frequency on arc efficiencies. The arc 
efficiency decreases with the increase 
in the pulse frequency. This trend 
remains unchanged if arc voltage is 
changed for the welding of both the 
selected m ateria ls as work piece. 
However, similar to the influence of 
m ean cu rre n t the e ffic ie nc ies  
associated while welding of aluminium 
are higher as com pared to those, 
which are obtained with the mild steel.

F ig ,2 : In flu e n ce  o f b a se  cu rre n t on a rc  e ffic ie n cy  fo r v a rio u s  pu lse  
fre q u e n c ie s  fo r w e ld in g  o f a lu m in iu m  a nd  m ild stee l.

Fig .3 : In fluence  o f p u ls e  cu rre n t on arc  e ffic ie n cy  fo r va rio u s  pu lse  
fre q u e n c ie s  fo r w e ld in g  o f a lu m in iu m  and  m ild s tee l.
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Fig .4  : In flu e n ce  o f a rc  vo lta g e  on a rc  e ffic ie n cy  fo r va rious  p u lse  
fre q u e n c ie s  fo r w e ld in g  o f a lu m in iu m  and  m ild stee l.

F ig.5 : In fluence  o f pu lse  fre q u e n c y  on  a rc  e ffic ie n cy  fo r a rc  vo la tg e s  
fre q u e n c ie s  fo r  w e ld in g  o f a lu m in iu m  and  m ild s tee l.

Figure 6 gives the influence of welding 
speed on arc e ffic iency at 150 
amperes mean current for different 
pulse frequencies. From the figure, it 
can be obse rved  that the arc 
efficiency increases w/ith the increase 
in welding speed while welding both 
aluminium and mild steel. However, 
again the arc efficiencies associated 
with aluminium welding are higher as 
compared to the welding of mild steel. 
This trend remains unaffected with the 
variation of pulse frequency

The variation of arc efficiency with the 
argon gas flow rate has been depicted 
in figure 7. For 150 amperes mean 
current, it is observed that the arc 
efficiency increases generally up to 12 
Lit min~'' of gas flow rate and then 
decreases'w ith  the increase in gas 
flow rate i.e. 15 Lit min"''. This variation 
practically rem ains unaffected with 
change in pulse frequency.

DISCUSSION

The reduction in the arc efficiency with 
the increase in the mean current can 
be attribu ted to the constan t arc 
length. When the current is increased 
then with argon gas shielding the arc 
isotherms widen which in turn lead to 
increased arc surface area and thus 
more radiation and convection losses. 
Further the increased curren t will 
increase the resistive heating of the 
tungsten e lectrode which leads to 
higher heat losses through electrode 
which is collected through the torch 
cooling water. The combined effect of 
above two phenom ena leads to 
reduced fraction of heat going to the 
w ork p iece resu lting  in reduced 
efficiencies.
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If either the pulse current or the base 
current is increased then ultimately the 
mean current will increase which leads 
to increased heat losses thus reduced 
arc efficiency.

Increase in the arc voltage i.e. arc gap 
increases the arc length, which will 
increase the conical surface of the arc 
area and thus higher heat losses to 
the atmosphere will occur through 
radiation and convection. This will 
again result into reduced efficiencies.

the increase in pulse frequency, 
the pulsation effect increases, causing 
turbulence in the gases surrounding 
the arc, which may probably take 
higher fraction of convection heat thus 
causing increased heat losses and so 
reduced efficiencies.

With the change in the welding speed 
it has been reported that the arc 
e ffic iency rem a ins una ffected . 
However, in the present investigations 
it has been found tha t the arc 
efficiency increases with the increase 
in the travel speed. Perhaps this may 
be due to the reason that at slower 
trave l speed the w ork p iece has 
already attained a certain temperature 
due to conduction of heat and thus the 
heat absorbing capacity of the material 
is reduced. If the travel speed is 
increased then the heat from the area 
already welded, which is transmitted to 
the next point through conduction is 
reduced and the hea t absorb ing 
capacity of the new point where the 
arc is concentrated increases. This 
may increase the arc efficiency.

The smaller gas flow rates around 6 
Lit m in"' may not be suffic ien t to 
provide proper shielding to the arc and
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also the formation of proper plasma 
envelope. This will yield higher heat 
losses and thus lower efficiencies. As 
soon as gas flow rates are increased, 
proper shielding envelope is obtained 
which will reduce the heat losses due 
to radiation because of lower thermal 
conductiv ity  o f argon. However, 
beyond a particular gas flow rate the 
turbulence may start and it may lead 
again to im proper sh ie ld ing and 
disturbed arc envelope leading to 
h igher heat losses resu lting  in to 
reduction in the arc efficiency.

For the similar welding parameters, 
the arc effic iency associated with 
aluminium is higher as compared to 
the value obtained while welding of 
m ild steel. A lthough it has been 
reported that the heat losses from the 
surface of the work piece will be 
dependen t on b righ tness o f the 
surface, but that may be valid for high 
melting temperature metals, in case of 
aluminium the melting temperature is 
very low and thermal conductivity is 
very high as compared to mild steel. 
So the heat absorbed will be relatively 
h igher in case o f a lum in ium  as 
compared to mild steel inspite of the 
fact that aluminium is having bright

surface. This may be the reason for 
higher efficiencies with aluminium as 
compared to the mild steel as work 
piece during welding.

CONCLUSIONS

The arc efficiency decreases with the 
increase in mean curren t, pulse 
current, base current, pulse frequency 
and arc voltage i.e. arc length during 
w e ld ing o f both m ild steel and 
aluminium. With the gas flow rate, 
efficiency increases up to certain level 
and then slightly decreases. With the 
increase in the w e ld ing speed, 
generally the arc efficiencies are found 
to increase. Higher efficiencies are 
obtained while pulsed TIG welding of 
aluminium as compared to mild steel 
for similar set of parameters.
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