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Abstract - This research aims to compare among the generated heat flux during welding with and without fillers. The study covered 
the effect of welding current, welding time, welding velocity, gas flow from cylinder, gas flow before welding and gas flow on the 
generated heat flux during this comparison. Tungsten inert gas welding method was used to weld stainless steel sheets with 3 mm 
thickness as base metal with and without filler for preparing butt weld joints. Welding currents of 80A, 85A, 90A, 95A and 100A 
were applied using 2 mm diameter welding electrodes (ER308). The results showed that the average value of the generated heat 
flux was reduced by 36.7% without filler in comparison to that using filler material. The difference of energy saving among the two 
methods was 481.7 J/mm. 
 
Keywords - gas flow time, generated heat flux, Filler, TIG welding, difference of energy saving.     
 
  

I. INTRODUCTION 
 

The choice of welding process for specific applications 
depend on different factors; among these are compositional 
range of the material to be welded, the thickness of the base 
materials and type of current [1]. Welding methods are 
variable, such as flux cored arc welding, submerged arc 
welding, gas Tungsten shielded metal arc welding and gas 
metal arc welding. Tungsten inert gas (TIG) welding is the 
most popular gas shielding arc welding process known in 
many industrial fields. Other arc welding processes have 
limited quality when they are compared to TIG welding 
processes. However, TIG welding also needs improvements 
regarding spatter reduction and weld quality of the bead. In 
TIG welding shielding gas is desirable for protection 
purpose from, atmospheric contamination. It became a new 
welding process due to its high quality and relatively free 
pollution [2].  

TIG processes can weld practically all ferrous and 
nonferrous materials to themselves or to very similar alloy 
compositions. It is the preferred choice for welding 
dissimilar metals, permitting carbon steels to be joined to 
stainless or to copper alloys. Welding process, shielding 
gases, types of current, gas flow rate equipment, power 
sources, types of electrode is discussed during qualification 
of such type welding. Consideration should be given to 
consequent effects, such as galvanic corrosion and 
differences in expansion coefficients and conductivity 
before opting for their related designs. Electrode 
composition and welding technique should be taken under 
consideration during welding dissimilar metals, which 
involves additional cost.  

During welding process the power is fed out of the 
power source, down the TIG hand piece and is delivered to a 
tungsten electrode which is fitted into the hand piece. An 

electric arc is then created between the tungsten electrode 
and the work piece. The tungsten and the welding zone are 
protected ing to 19,400oC and this heat can be much 
focused local heat. The weld pool can be used to join the 
base metal with or without filler material [1, 2].                                           

Gas Tungsten Arc Welding (GTAW) or Tungsten Inert 
Gas (TIG) utilize a non-consumable tungsten electrode for 
welding production. The tungsten electrode does not melt 
during such welding process. It creates an electric arc 
between the work piece and the tungsten electrode.  The 
electric arc can produce temperature up to 19,400˚C [3]. In 
such weld both filler and without filler can be made. When 
filler metal is used, it is added directly into the molten pool 
by dipping the end of a filler rod into the leading edge of the 
molten weld pool. But , when filler metal is not used, edges 
of the metal are heated, melted and flowed together by 
themselves, and as the molten metal cools, coalescence 
occurs and the parts are joined, resulting in weld requiring 
minimum finishing [4,5].  

High quality welds is the main feature of GTAW as 
components joining technique, by controlling the heat input 
and filler additions. GTAW is used widely where precision 
welding is required, notable among which included aircraft, 
atomic energy, instrument and chemical industries, food 
industries, nuclear industry, maintenance and repair work 
and some manufacturing areas [6]. GTA welding is used for 
the joining of high strength, reactive metals and alloys such 
as stainless steel, magnesium and aluminum alloys [7, 8].  
This technique is used also to weld nickel, brass, copper, 
titanium, nickel alloys, Inconel, stainless steel, high 
temperature and hard surfacing alloys like titanium, 
zirconium, have been welded successfully with the GTA 
techniques [9].  

GTAW is specified for thin metal which range from 
sheet metal up to 6.35 mm including different configuration 
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like expansion bellows, transistor cases, instrument 
diaphragms and can-sealing joints. Failure resistance of the 
welded sheet is dependent on several factors such as 
welding parameters (current, voltage, velocity etc.), design 
of the welding piece, geometric shape, the nature of the 
applied stresses and the method implemented for welding. 
[10]. Low productivity, relative shallow penetration and 
high sensitivity of the surface condition and chemical 
composition of the base metal are some of the disadvantages 
associated with GTAW process [11]. Filler metals could not 
be used for plate thickness less than 2 mm. It should have 
chemical composition similar to that of the base material. 
The range of filler metal diameter is 1.6 - 3.2 mm while in 
automatic systems cold from a roll or coil is normally added. 
Some of austenitic stainless steels can be welded without 
filler metal while others exclude heat treatment [12, 13]. 

The aim of this research is first welding the stainless 
steel sheets without using fillers and second comparing 
between welding with and without fillers at the same 
conditions using the same method to improve the generated 
heat flux for saving energy purpose.   
                                             

II. THEORETICAL BASIS 
 

The section clarify the main parameters affecting 
welding process with and without filler material as shown 
below: 
 
A. Welding Process with Filler 
 

Five pairs of sheets were selected from several other 
pairs numbered from one to five, which were welded using 
filler  metal according to the practical conditions of the 
included input factors following welding current (  If) , 
welding voltage (Vf) , welding time (tf) , gas flow from 
cylinder  (Gc) , gas flow before welding (Gbw) and gas flow 
after welding (Gaw).  The welding responses, including both 
the velocity of the weld (Uf) and the amount of heat flux 
generated (Qf) during the welding process, were obtained 
from thermal equations related to the research condition and 
the applied input factors in accordance with the equations 
(1&2)  below, respectively, see table I. 

 
TABLE I. INPUT PARAMETERS AND RESPONSES WHEN USING 

FILLER 

No. s 
If 

(Amp.) 
Vf 

(Vol.) 
Tf 

(Sec) 
Gc 

(L/min)
Gbw 
(Sec) 

Gaw 
(Sec) 

Uf 
(mm/sec)

Qf 
(J/mm)

1 80 32 50 10 0.3 0.3 1.2 1280 
2 85 32 52 11 0.9 0.9 1.16 1415.5
3 90 32 44 12 1 5 1.37 1267.7
4 95 32 43 13 1.3 6 1.4 1307.6
5 100 32 40 14 1.5 8 1.5 1280 

 
The welding Velocity with Filler is computed from the 

following equation [14,15] as: 
 

Uf = d/tf                                                           (1)   

The generated heat flux with filler is calculated from 
formal as [16]:     

Qf = ζ. Ιf. Vf / Uf                                   (2)   
 
B. Welding Process without Filler 
 

In addition, five pairs of sheets were selected from other 
pairs and numbered from six to ten. They were welded 
without the use of filler metal. Welding current without 
filler (Iwf), Welding Voltage without filler (Vwf) , Welding 
time without filler (twf), Gas flow from cylinder  (Gc) , Gas 
flow before welding (Gbw) and Gas flow after welding 
(Gaw) and according to the practical conditions of the 
factors entering at same conditions of the above case when 
applying filler were used. While, the responses included 
both the velocity of welding (Uwf) and the amount of 
thermal flux generated during the welding process (Qwf) 
were determined from the same thermal equations 
mentioned earlier and using the equations below to show the 
practical benefit of the welding process without filler metal 
and compare the percentage of improvement using between 
the two cases as well as the amount of thermal loss of the 
weld. Their values were calculated from the equations 
below, respectively, see table II, Computed from the 
following formal; The welding velocity without  
 

Uwf = d/twf                                        (3) 
 

The generated heat flux without filler calculated from 
this equation:   

Qwf = ζ. Ιwf . Vwf / Uwf                  (4)   
 

TABLE II. INPUT PARAMETERS AND RESPONSES WITHOUT  
USING  FILLER 

No. s 
Iwf 

(Amp.)
Vwf 

(Vol.)
twf 

( Sec)
Gc 

(L/min) 
Gbw 
(Sec) 

Gaw 
(Sec) 

Uwf 
(mm/sec)

Qwf 
(J/mm) 

6 80 32 34 10 0.3 0.3 1.8 870.8 
7 85 32 30 11 0.9 0.9 2 816 
8 90 32 29 12 1 5 2.1 835.6 
9 95 32 28 13 1.3 6 2.2 851.6 

10 100 32 24 14 1.5 8 2.5 768 

 
C. Difference of Energy Saving Between Welding with and 
without Filler 
 

The difference of energy saving during the welding 
process is the difference between the thermal heat flow 
generated during the sheet welding process with and without 
using filler. Its value is calculated from the equation below: 
 

Qd = (Qf – Qwf)                                        (5)   
 
D. Percentage of Energy Saving (%): 
 

It is energy saving percentage during sheets welding 
process based on the difference between thermal fluxes 
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generated with and without filler metal to its value using 
filler metal: 
 

 Qs = (Qf – Qwf /Qf) Χ 100                             (6)   
 

 Qs = (Qd / Qf) Χ 100                                      (7)  
 

TABLE III. CHEMICAL COMPOSITION OF BASE METAL AND 
FILLER METAL 

Mate
rial 

C Mn P S Si Cr Ni Mo Cu Fe 

Base 
metal 

0.07 0.9 0.02 0.001 
0.45

0 
16 10 0.02 1.5 Bal.

ER 
308 
[18] 

0.08 
1-
2.5 

- - 
0.3-
0.65 

19.5
-22 

9-
11 

0.75 0.75 Bal.

 

The energy saving and its percentage are averaged using 
the data collected from welding process of five pairs as 
shown in equations (8) & (9): 
 
QRs = [Qs (1- 6) + Qs(2- 7) + Qs(3- 8) +  

Qs(4- 9) + Qs(5- 10)] / 5                                             (8) 
 
QRd = [Qd (1- 6) + Qd(2- 7) + Qd(3- 8) +  

Qd (4- 9) + Qd (5- 10)] / 5                                          (9) 
 

III. EXPERIMENTATION 
 

The AISI 308 sheet form was cut to the required size of 
60 mm × 25 mm × 3 mm (20 pieces). The composition of 
the base metal is presented in Table 1. The filler wire used 
for TIG welding was ER-308 stainless steel with diameter 
2.4 mm and welding machine TIG type INVERTER 
AC/DC-500, see figure 1. 

 
Figure 1: Machine Used for Welding Processes 

 

A. Experimental Procedure 
 

In this study, a matching electrode was used for joining 
the two pieces of stainless steels. Butt joints were carried out 
by varying the welding current parameter. The current 
values were set at 80, 85, 90, 95 and 100 Amp. The welding 
voltage was maintained at 32 V. A stop watch was used for 
measuring the welding time necessary to find the welding 
velocity, as depicted in figure 2. Five pairs of samples were 

welded using filler, and other five pairs of samples were also 
welded without using filler, as displayed in figures (3) and 
(4).    

 

 
Figure 2:  Stop watch measurement 

 

 
Figure 3: Sheets After and Before Welding Process With Using Filler 

 

 
Figure 4: Sheets after and before welding process without using filler 
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IV. RESULTS AND DISCUSSION 
 

This section clarify the effect of welding process 
parameters with and without filler material on its behavior 
as below: 
 
A. Effect of Welding Current on the Generated Heat Flux 
with and without Filler 
 

Figure 5 shows that the effect of welding currents on the 
heat generated during welding of two sheets with and 
without filler material. Both graphs show almost same 
behavior. However the results related to welding with filler 
material are higher than those without it. This gives a real 
scientific justification and a good indicator of the validity of 
applied research work. The welding current is the most 
effective variable in the welding process. It controls the 
melting rate of the filler metal and the depth of the fusion. It 
has a direct effect on the engineering shape of the weld pool, 
weld and the weld velocity and its quality. 

 

 
Figure 5: Effect of welding currents with filler metal and without it on the 

heat generated during welding of the two cases. 
 

B. Effect of Welding Time on Generated Heat Flux with and 
without Filler  
 

Figure 6 depicts the effect of welding time using filler 
metal and without it on the value of the thermal flow 
generated for the two cases during the welding sheets 
process. It was noted that the time elapsed for welding 
process is reduced without filler material. This reduction 
leads to a reduction in the effort exerted by the outlet 
welding is an economic benefit of lower power consumption 
of the welding machine. 

 

 
Figure 6: Effect of welding time using filler metal and without it on the 

value of the generated thermal flux. 

C. Effect of Welding Velocity On Generated Heat Flux with 
and without Filler  
 

Figure 7 reveals the effect of welding velocity using 
filler metal and without it on the value of the thermal flow 
generated for the two cases during the welding sheets 
process. It was observed that the velocity values in the case 
of non-use of filler metal are higher than the velocity of the 
other case which needs a higher concentration of the 
welding outlet during welding process.       

 

 
Figure 7: Effect of welding velocity using a filler metal and without it on 

the thermal flow generated for the two cases. 

  
D. Effect of Gas Flow from Cylinder on Generated Heat 
Flux with and without Filler 
  

Figure 8 exhibits the effect of the gas flow rate from the 
cylinder in the welding process using the filler metal and 
without it on the generated thermal flow during sheets 
welding process. It was noticed that the values related to 
welding with metal filler s higher than those related to other 
case, which ensures saving in gas flow rate during welding 
process. 

 

 
Figure 8: Effect of the gas flow rate from the cylinder in the welding 

process using a filler metal and without it on the generated thermal flow. 

 
E. Effect of Gas Flow before Welding On Generated Heat 
Flux with and without Filler 
 

Figure 9 shows the effect of gas flow from the cylinder 
prior to the welding process using filler metal and without it 
on the values of the generated thermal flow rate during 
sheets welding process. It was noticed that the values related 
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to welding with metal filler s higher than those related to 
other case, which saves time during gas flow. 

 

 
Figure 9. Effect of gas flow before welding process using a filler metal and 

without it on the generated thermal flow. 
 

F. Effect of Gas Flow after Welding on Generated Heat Flux 
with and without Filler 
 

Figure 10 shows the effect of gas flow after welding 
using a filler metal and without it on the value of the 
generated thermal flow during sheets welding process. It 
was noticed that the values related to welding with metal 
filler s higher than those related to other case, which saves 
time during gas flow. 
   

 
Figure 10. Effect of gas flow after welding using filler metal and without it 

on the generated thermal flow. 

 
G. Percentage of Energy Saving Without Filler and With It 
Versus Welding Currents 
 

Figure 11 shows the percentage of energy saving without 
filler and with it versus welding currents. The linear 
relationship is almost obtained. The figure shows that this 
percentage is of energy saving during sheets welding 
process. 
  

 
Figure 11. Percentage of Energy Saving without Filler and with it Versus 

Welding Currents. 

 
TABLE IV. COMPARISON THE ENERGY SAVING PERCENTAGE 

DURING SHEET WELDING PROCESS 

No. 
S. f 

If, Iwf 
(Amp.) 

Qf 
(J/mm) 

No. 
S. 
wf 

Qwf 
(J/mm) 

Qd 
(J/mm) 

Qs 
(%) 

1 80 1280 6 870.8 409 32% 
2 85 1415.5 7 816 599 42.5% 
3 90 1267.7 8 835.6 432 34% 
4 95 1307.6 9 851.6 456 35% 
5 100 1280 10 768 512 40% 
     481.7 36.7% 

 
 

V. CONCLUSIONS AND FUTURE WORK 
 

The conclusions based on welding with and without 
filler material are as follows: 
1. The effect of welding currents on the heat generated 

during welding with and without filler metal showed an 
increase in the velocity and decrease in the consumed 
thermal energy, ie, welding without filler material is 
lower cost and more economic. 

2. In the absence of the metal filler use, welding process 
avoids consumption of the welding machine and lack of 
efficiency which leads to time save and then to reduce 
the operation effort of welding process.                                               

3. The velocity values shall be limited during welding 
with filler material, as such type of welding requires 
higher concentration of the welding quality during 
welding process. 

4. The effect of the gas flow rate from the cylinder before 
and after welding on the heat generated showed that 
their values using filler metal is higher than the other 
case, thus saving the gas flow rate and heat generated 
in the welding process. 

5. The percentage of energy saving was found to be 
36.7% during welding without filler material, while the 
difference in energy saving was found to be 481.7 
J/mm. 

6. The dependency of generated heat  on welding current 
and welding velocity increases and the consumed 
thermal energy decreases when using filler metal and 
without it. The saving of generated heat relies on gas 
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flow rate. The results showed 36.7% of energy decrease 
which represents 481.7 J/m. 

7. Improvement of both the welding machine 
consumption and its efficiency in case of no filler 
material. 

8. Limitation of the welding velocity depending on the 
required welding quality with filler. 

 
Future Work: We suggest for future work to implement 

different material rather than AISI 308 sheet, other filler 
types rather than ER308, use more than one welding pass, 
different base metal thicknesses, more suitable welding 
machines that could be more convenient with such type of 
base metal, different shielding gases and other welding 
procedures.  
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Nomenclature 
 
d:  Welding length (mm) 
If: Welding current using filler, (Ampere.). 
Vf:  Welding voltage using filler, (Volt). 
tf: Welding time using filler   , (Sec). 
Gc:  Gas flow from cylinder, (L/min).  
Gbw:  Gas flow before welding, (Sec) 
Gaw:  gas flow after welding, (Sec). 
Uf:  the velocity of the weld using filler, (mm/sec).  
Qf: heat flux generated during the welding Process using 
filler, (J/mm).  
ζ: Efficiency of welding process 0.6 for GTAW [17] 
Iwf : Welding current without filler (ampere) 
 

 
 


