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Metal arc welding was first invented as per 
[1] published scientific literature.  Welding is 

considered as an extension of hot forging which 
Egyptian and other eastern Mediterranean used for 
making weapon and tools. Modern welding 
technology was established in 1800s by an English 

[6] [6]scientist.  In 1801  it was   observed that electric 
arc could be struck between two carbon electrodes. 

[4] In mid 1800s  , a Russian  scientist  working in  a 
laboratory in France was granted a series of patent 
for carbon arc- welding process. In 1892 an 

[3]
American scientist,  developed arc welding using 
filler and electrode. It involved a bare metal rod 
with no flux coating to give a protective gas shield. 
The development of coated electrodes did not occur 
until the early 1900s when the Kjellberg process 
was invented in Sweden and the Quasi-arc method 

[2]
was introduced in the UK.  It is worth noting that 
coated electrodes were slow to be adopted because 
of their high cost. However, it was inevitable that as 
the demand for sound welds grew, manual metal arc 
became synonymous with coated electrodes. When 
an arc is struck between the metal rod (electrode) 
and the work piece, both the rod and work piece 
surface melt to form a weld pool. Simultaneous 
melting of the flux coating on the rod will form gas 
and slag which protects the weld pool from the 
surrounding atmosphere. The slag will solidify and 
cool and must be chipped off the weld bead once the 

[2]weld run is complete.  Welding is an efficient and 
economical method for joining of metals. Welding 

has made significant impact on the large number of 
industry by raising their operational efficiency, 
productivity & service life the plant and relevant 
equipment. Welding is one of the most common 
fabrication techniques which is extensively used to 
obtain good quality weld joints for various 
structural components. The present trend in the 
fabrication industries is to automate welding 
processes to obtain high production rate. Arc 
welding, which is heat-type welding, is one of the 
most important  manufacturing operations for the 
joining of structural elements for a wide range of 
applications, including guide way for trains, ships, 
bridges, building structures, automobiles, and 
nuclear reactors, to name a few. It requires a 
continuous supply of either direct or alternating 
electric current, which creates an electric arc to 
generate enough heat to melt the metal and form a 
weld. The arc welding process is a remarkably 
complex operation involving extremely high 
temperatures, which produces severe distortions 
and high levels of residual stresses. These extreme 
phenomena tend to reduce the strength of a 
structure, which becomes vulnerable to fracture, 
buckling, corrosion and other type of failures. 
Hardness is very important mechanical property of 
material but during welding high heating and rapid 
cooling influence the hardness of the weld as well 
as the Heat affected zone. Also the optimum 
hardness of weld and heat affected zone at minimal 
heat input rate for 60˚ and 70˚ bevel angle weld 
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ABSTRACT

Hardness of metal is an important part of arc welding process.  Hardness has a variety of meanings. To the 
metals industry, it may be thought of as resistance to permanent deformation. To the metallurgist, it means 
resistance to penetration. To the lubrication engineer, it means resistance to wear. To the design engineer, 
it is a measure of flow stress. To the mineralogist, it means resistance to scratching, and to the machinist, it 
means resistance to machining. Hardness may also be referred to as mean contact pressure. All of these 
characteristics are related to the plastic flow stress of materials. Welding is a process of joining two metal 
pieces by melting the edges by an electric arc. The electric arc is produced between two conductors. The 
paper presents natural phenomenal change in metal during the arc welding.

Keywords: Welding process; metal   joining; Nature of metal; Hardness of Metal 

INTRODUCTION

59

International Journal of Scientific and Innovative Research 2017; 5(1) : 59‐65
P‐ISSN 2347‐2189, E‐ ISSN 2347‐4971

www.ijsir.co.in



[3] ] 
have been investigated.   A mathematical models 
was developed to study the effects of process 
variables and heat input on the heat affected zone of 

[4]
submerged arc welds in structural steel pipes.  
High deposition rate welding process, which can 
produce a smooth bead with deep penetration at a 
faster travel speed also welding input parameters  
playing  a very significant role in determining the 

[5]quality of the weld joint, have been investigated.  
A numerical model of fluid flow and temperature 
field in  was established Gas metal arc welding
according to the new mode of arc heat flux 
distribution. By using a numerical simulation 
technique, the effects of welding heat input on 
microstructure and hardness in heat affected zone 

[6]
have been studied.   The effect of welding 
parameters on the size of the heat affected zone and 
its relative size as compared to the weld bead of 
submerged arc welding have been studied . It is 
discovered that the welding parameters influences 
the size of weld bead and heat affected zone 
differently which can be related to the effect of 
welding parameters on the various melting 
efficiencies. This difference in behavior of heat 
affected zone and weld bead can be explored to 
minimize the harmful effect of heat affected zone in 

[7]future welds.  In this study, the effect of various 
welding parameters on the weld ability of Mild 
Steel specimens having dimensions 125mm× 
75mm× 5 mm welded by manual metal arc welding 
manual metal arc welding for single V-Butt joint 
were investigated. The welding current, arc 
voltage, welding speed, heat input rate are chosen 
as welding parameters. The effect  of these 
parameters on the size of heat affected zone have 
been investigated.

LITERATURE  SURVEY
Arc welding has forcedly affected on natural 
phenomenal property of all types of  metals due to 
heat produced during welding. Some of the 
properties which affect the material due to welding 
are given ahead. Tensile strength is the maximum  
affected in form of stress that a material can sustain 
in tension. In other words we can say the amount of 
applied load per cross sectional area that metal 
molecules can withstand before fai lure. 
Mathematically it is calculated as the ratio of 
maximum tensile load to the original per cross 
section area. As per a research done on AA6061 

aluminum alloy using Gas Metal Arc Welding it 
was observed that in Gas Metal Arc Welding joints 
elongation (in length) and reduction in cross 
section area were 8.4 % and 5.8 % while of parent 
material were 18% and 12.24%. It suggests that 
there is reduction of around 53% in ductility due to 
Gas Metal Arc Welding. The same material when 
welded using FSW the reduction were 14.2 % and 

[3]9.56 %.  Another test was carried to study effect of 
Gas Tungsten Arch Welding on AA6061 T6 alloy 
by machining the alloy to American society for 
testing and materials E8-04 standards and welding  
was done using AlMg5 as filler alloy wire for 

[4]welding.  It was concluded that toughness has 
decreased due to welding and the tensile strength of 

[4]
the specimen has reduced about 54%.  Tensile test 
was carried on torr (torsteg) steel joined by 
Shielded Metal Arc Welding and the transverse 
tensile strength observed was 524 MPa while that 
of parent material was 523 MPa. It is higher than 
the minimum specified tensile strength. Similarly 
transverse strength for Cu-TMT bar was found to 
be 600 MPa which was above the minimum 

[5]
specified tensile strength.  A study was done on 
rolled plate of ferric stainless to see the effect of 
continuous current gas tungsten arc welding, 
Pulsed current gas tungsten arc welding. plasma arc 
welding and it has been  concluded that the joints 
made by the plasma arc welding tensile strength 
990 MPa were higher by 40 % compared to 
continuous current gas tungsten arc welding 
(600MPa) and by 35 % to pulsed current gas 
tungsten arc welding) (650). But there is reduction 
in strength by 41 % in case of Shielded Metal Arc 
Welding and 44 % in Gas Tungsten Arch Welding. 
The tensile strength of base metal was 524 MPa. 
The elongation study of each specimen showed that 
plasma arc metal joints exhibit higher ductility than 
other two types, but less than the parent material. 
The elongation in base metal, plasma arc welding 
joints, continuous current gas tungsten arc welding 
joint and pulsed current gas tungsten arc welding 
joint was 12 %, 7.5 %, 4.5 % and 6.2 % 
respectively, which means there is reduction in 
ductility by 62 % and 48 % in continuous current 
gas tungsten arc and pulsed current gas tungsten arc 
welding respectively. In shield metal arc welding 
and gas metal arc welding, the reduction in ductility 

[6,7]were 30 % and 39 % respectively.  
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Properties  Stainless Steel  Carbon Steel  

Density 8.00g/cm3 7.85 g/cm3 

Melting Point 1400-14500C 1426-15380 C 

Electrical Resistivity 6.89X10-7 Ω.m 1.611X10-7 Ω.m 

Thermal Conductivity 16.2 W/m.K(min) 54 W/m.K (min) 

Thermal Expansion 17.2X 10-6 /K 12X 10-6 / K 

  Table 1: Tensile Property of Stainless Steel

The weld joint tensile test was carried on stainless 
steel to see the effect of Gas Tungsten Arch Welding 
and shield metal arc welding and it was  found that 
Gas Tungsten Arch welds exhibits greater strength 
and ductility due to equi-axed fusion zone grain 
morphology and protective nature of the shielding 
gas. By the addition of oxygen in the shielding gas 
in Gas Tungsten Arch Welding and addition of 
Ar+O  backing in Shield Metal Arc Welding 2

reduced the ductility and strength. The addition of 
copper resulted in increase of strength but 
reduction in ductility. It has also been observed that 
initially with increase in austenite, strength 
decreases and with further increase in austenite 

[8]
content results as increase in strength.  The effect 
of different welding process on naval grade High 
Strength Low Alloy steel was studied and it was  
found that weld metal was comparatively stronger 
than the base metal. The yield strength of all type of 
welding joints on   steel was higher than the base 
metal and this was associated with precipitate 
hardening. The increase in strength in case of 
Friction Stir Welding was 8% more than the base 
metal due to fine grains of acicular, upper banite 
and small marten site region. The comparison 
between various weld joints tensile strength can be 

[9]done from figure 2.  The effect of filler material 
was observed using E309L and 18Cr-8Ni-6Mn 
(18-8-6) as filler and it was  found that tensile 
strength of both weld joints were 1230 MPa and 
1260 MPa respectively which are quite low 
compared to base metal (1720 MPa). The failure 
has ductile mode. The joint efficiency was around 
72% compared to base metal when calculated on 

[10]
Ultimate Tensile Strength basis. 
The electrode is one conductor and the work piece 
is another conductor. The electrode and the work 
piece are brought nearer with small air gap. When 

current is passed, an electric arc is produced 
between the electrode and the work piece. The 
work piece and the electrode are melted by the arc. 
Both molten piece of metal become one. 
Temperature of arc is about 4000°C  . Electrodes 
used in arc welding are coated with a flux. This flux 
produces a gaseous shield around the molten metal. 
It prevents the reaction of the molten metal with 
oxygen and nitrogen in the atmosphere. The flux 
removes the impurities from the molten metal and 
form a slag. This slag gets deposited over the weld 
metal. This protects the weld seam from rapid 
cooling. 

VOLTAGE VARIATION DURING STICK 
WELDING  
Electric arc welding is based on the fact, as 
electricity passes through a gaseous gap from one 
electric conductor to another, a very intense and 
concentrated heat is produced. The temperature of 
the spark or arc jumping between two conductors is 
approximately 6,500 to 7,000 degrees. (Although 
the plasma created by the arc reaches temperatures 
in excess of 20,000f). When the arc welding 
electrode is brought into contact with the work 
piece, a high temperature arc is established 
between them. The arc heat is controlled by current 
and by arc length (electrode to work piece spacing). 
If they are correct, the arc heat melts the electrode 
tip and the work piece beneath it to the desired 
depth. If two pieces to be joined together form the 
work piece, they are fused together in the puddle. 
Fused   filler  metal from the electrode reinforces 
the joint, forming a penetrating raised deposit of 
welded metal (bead) as the puddle. Fluxing 
materials in the heavily covered electrode will give 
the arc stability, help to float out impurities from 
within the molten puddle   and  will  develop inert 
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gases which will keep the outer surfaces of the 
molten weld from oxidizing. The flux hardens as 
the weld cools, forming a crust/slag on the surface, 
providing a shield against contamination of the 
bead. As the bead forms, the electrode (and the arc) 
are continuously moved ahead. The molten puddle 

moves with it, and filler metal continues to transfer 
to it. With all factors fully controlled, a smooth, 
continuous bead is deposited to make a well fused 
joint. These basic control factors are speed of 
electrode travel, amount of current (amperage) and 
length of arc (voltage).

 Figure  1 : Various stick 

RELIABILITY OF VARIOUS POSITIONS 
DURING ARC WELDING 
Position is an important factor of ARC welding. 
The voltage fluctuations are observed during 
change of welding position and angles. Some of 
specific positions are given bellow.    

1. Butt Joint
On material to be welded which is 1/4 inch or less in 
thickness, V grooving the edges usually is not 
necessary, depending on the strength and 
circumstances relating to the job. When welding 
material of greater thickness it is necessary to grind 
or cut a V-joint in the two pieces of metal, which 
will increase the overall strength of the weld. The 
two pieces should be placed touching each other 
with both surfaces free from paint or other 
contaminants which will affect the strength of the 
weld. After striking an arc, with proper setting of 
amperage control and electrode size, the arc should 
emit a sound which indicates proper arc length and 
speed of electrode movement. In the case of a long 
weld where more than one electrode is used, the arc 
shall be restarted about 1/4 inches ahead of the 
crater. Going back over the crater to properly fill in 
and keep a uniform contour, thus assuring proper 
preheating as in the start of the weld.

2. Lap Joint
This type of seam is common although it is not the 
best weld for strength. To arc weld this joint 

successfully, remember that the piece which is not 
having its edge welded will require the greater 
portion of the heat. To distribute the heat, a weaving 
motion must be used with most of the motion taking 
place over the bottom piece. The electrode must be 
held in a position to point it at a slight angle to the 
joint. To keep the arc length constant, the welder 
must raise the electrode slightly as the arc travels 
over the edge of the upper piece. The finished bead 
should be crowned, straight, must be even in width, 
smooth and clean. It should show good fusion 
between the bead and the parent metal

3. T - Joint
The t-joint is formed by placing one of the base 
metal pieces in the center, or near the center of the 
other piece of base metal and at a right angle to it, to 
form a T shape. This joint may be welded on one 
side or on both sides, depending on the thickness 
and strength needed for the job.

4. Horizontal Position
When arc welding a butt, lap, edge or outside corner 
joint in the horizontal position, the electrode should 
be pointed upward at about 20 deg. to counteract the 
sag of the molten metal in the crater. The electrode is 
also inclined about 20 deg. in the direction of travel of 
the weld. The arc gap (low voltage) should be 
shortened so the molten filler metal will travel across 
the horizontally positioned arc. 
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Figure 2.1 Horizontal Position of arc welding 

Be sure to eliminate undercutting at the edge of the 
bead, which is the result of excess current for the 
size of the electrode used or poor electrode motion. 
When welding a T or inside corner joint with one 
piece of the base metal in a near vertical position, 
and one in a near horizontal position, the arc 
welding electrode is inclined 20 deg in the direction 
of travel. The arc welding electrode is also 
positioned at about 45 deg. angle to the horizontal 
piece of metal. The motion is usually some type of 
weave with the forward motion taking place on the 
vertical piece.

5. Vertical Position 
These welds even though more difficult than flat 
must be of the same strength and quality. When 
welding a vertical seam, the molten metal tends to 

flow down the seam. This flow can be minimized by 
pointing the electrode approximately 20 deg. 
upward. A short arc must be maintained, and the 
motion must be such that the force of the arc will 
oppose the sagging. This can be done by using the 
previously welded area to help support the crater. 
When welding vertical down, hold the rod at an 
angle of, 20 deg to the work piece. As you pass the 
electrode down the seam, crossing from side to 
side. Use pressure the arc creates to actually push 
the molten crater upward. This will allow time for 
each side to fuse together before each pass, 
resulting in a good strong weld. Vertical up is done 
in much the same way, the difference is your pass 
from side will be in the up position allowing the 
weld crater to gently flow across the previously 
welded material, thus supporting the weld.

Figure 3: Vertical Position of ARC welding

EFFECTIVE FACTORS  OF  ARC WELDING 
1. Power  Range
What is the amperage range on the welder and  it's 
duty cycle? Different types of electrodes require 
different amperage settings even for the same size 
welding electrode.

2. Type of Metal
 Some welding electrodes may be used to join more 

than one similar type of metal. Other electrodes 
may be used to join two different types of metal.

3. Metal Thickness
 The penetration characteristics of each welding 
electrode may differ. Selecting the electrode that 
will properly weld on a specific thickness of 
material is very important.
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4. Weld Position 
Some electrodes will weld in all positions. Other 
electrodes may be restricted to the flat and 
horizontal or vertical positions, or only the flat 
electrodes will weld on metal that is rusty, oily, 
dirty or galvanized with sufficient penetration.

5. No. of passes
 The amount of reinforcement needed may require 
more than one pass. Some welding electrodes build 
up faster and others will penetrate deeper. The 
welding slag may be removed more easily from 
some welds than others.

6. Temperature
Welded metals react differently to temperature 
extremes. Some welds become very brittle and 
crack easily in low temperature service. (When 
welding in cold temperatures, you should pre-heat 
the metal, and after the weld is made it should be 
covered or shielded from the cold to allow it to cool 
slowly).

7. Mechanical 
Mechanical properties such as tensile strength, 
yield strength, hardness, toughness, ductility, and 
impact strength can be modified by the selection of 
specific welding electrodes.

8. Distortion 
Welding electrodes that will operate on low-
amperage settings will have less heat input and 
cause less distortion. Welding electrodes that have 
a high rate of deposition (fills joints rapidly) and 
can travel faster will cause less distortion.

9. Welding Clean-up
The hardness or softness of a weld greatly affects 
any grinding, drilling, or machining. Also slag and 
spatter removal affects the time and amount of 
clean-up required.

RESULTS
(a) I  is   the current in amperes, E is the voltage in 
volts, and R is the resistance of the material in 
ohms. The total energy is expressed by the formula: 
Energy equals I x E x T in which T is the time in 
seconds during which current flows in the circuit.
(b) Combining these two equations gives H (heat 

2
energy) = 1  x R x T. For practical reasons a factor 
which relates to heat losses should be included; 
therefore, the actual resistance welding formula is

2
H (heat energy) =I  x R x T x K
(c) In this formula, I = current squared in amperes, 
R is the resistance of the work in ohms, T is the time 
of current flow in seconds, and K represents the 
heat losses through radiation and conduction.
(d) Welding heat is proportional to the square of the 
welding current. If the current is doubled, the heat 
generated is quadrupled. Welding heat is 
proportional to the total time of current flow, thus, if 
current is doubled, the time can be reduced 
considerably. The welding heat generated is 
directly proportional to the resistance and is related 
to the material being welded and the pressure 
applied. The heat losses should be held to a 
minimum. It is an advantage to shorten welding 
tire. Mechanical pressure which forces the parts 
together helps refine the grain structure of the weld.

Groove 
Width 

in   mm 

Groove 
Depth 

in    mm 

Electrode 
Dia 

in     mm 

Amp 
Direct 

Current 
 

Volts 
Electrode 
Positive 

Electrode 
Feed 

Ipm   mm 

Travel 
Ipm       mm/min 

¼      6.4 1/16   1.6 3/16     4.8 200 43 6.2        157.4 82.0         2028.8 
5/16  7.9 3/32   2.4 ¼         6.4 270 40 4.0        101.6 54.0        1371.6 
3/8    7.9 1/8     3.2 5/16     7.9 300 42 3.0         76.2 65.5        1663.6 

7/16  11.1 1/8     3.2 3/8       9.5 400 46 4.2         106.7 82.0         2082.0 

 Table 2: Uses of voltage v/s stick 

(e) Heat is also generated at the contact between the 
welding electrodes and the work. This amount of 
heat generated is lower since the resistance 
between high conductivity electrode material and 
the normally employed mild steel is less than that 

between two pieces of mild steel. In most 
applications, the electrodes are water cooled to 
minimize the heat generated between the electrode 
and the work.
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Figure 4: ARC welding with 300 Voltage

Arc welding requires high electrode current to 
produce an arc of great heat. These two controllable 
factors (current and heat) can produce hazards 
when not controlled. The by-products of arc 
welding are fumes, ultraviolet and infrared rays, 
sparks and spatter are also potential hazards when 
not controlled.
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