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Introduction:  

Problem  formulation  a nd 

quality,  automation  provides  good answer  to  meet  such demands.  This  

properties  of butt  

decided  to  undertake  this  problem  process.  Hence  it  was  
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the  sequence  of investigations  are  shown  as  follows.  



s  and impact  strength decreases.  

Sivaramakrishnan  N and et.al [2]  found  that  post  weld heat  treatment  affects  the  
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1.1.1.  Penetration:  

It  is  the  one  of the  

i.4.., 
.5

.-2
 o

 .z
 0

 g
 ..c

 
1...  

2
 
2

 
2

 
o

 
	

• 
(4•1 

c
u

,
 
c
 	

CA 
4:;) 	

' 	
<

 
-a

 	
ea 	

.E4
) 48

 
48

  
	0  . . t - ..'-' 

' 	
0
 	

.5
 	

o
 	

_. 	
• •-•• 	

0
 	

...., 
...z

 .. z
 g

 c
z
 	

...., . c
 ..c

 .s
 

1
, 	

tw
m

• 
.1:3 	

13) 
•••. C

.) ... C
l) 

-o
 	

2
 	

,,, s
 	

.R
 

=
 

0
 

=
 C

.)  
$
,.. .■

1 	
>

 
0

 
...". 	

.6
 

512 	
...0 	

4, 	
• - 	

,,,, 

	

••••• 	
w 

a.) 
•.... 	

4-. 
c
 -

0
 ....=

 •
•
•
•
 -1:  

-0
 	

a) 
).. 

.. 
 

.... 	
-
 	

.s
  
,
 

=
 

&
 
.0

 6
3

 
g

 
0
 
V

 	
=

 
7
 

	

0
 -

0
 
I,
 
=

 	
W

) 	
•-•-• 	

.
6
 
o
 
5
 

40, 
B 

-8
  
,
 

n. 	
::a"  ..a

.  
E

 	
'1

4
 z • 	

,...s. 	
c
 	

o
 
	

vi 	
8

 	
0

. -0
 	

‘-• 	
1... 	

0
 	

=
 	

c
 	

„,t) 
0

 Z
3

 
a
) '.4

. 0
 ..=

 
(-) 

E
• 

"
g
 2

 .s
.)  •

g
 	

- 	
0

  =
 -4

-. 	
...,0 .1

1
 	

-0  ',5
 g

 

	

q
.
 
0
 
c
 	

a
) a

) 	
4, a

d
 

	
=

 
si 

t). 
	

0
 
	

"" 
	

ic-:
, .)

 
 

c
o

 ••;-. Z
s ..z

 	
a

 
c4
 	

0
 E

n
 .../ O

. 4
 	

0
 	

"
 
4

 0
  
0

 
c
  .
5
 
o
 
.
2
 
§

 
0

 
q., 
	
-
 
,
i
 

2
 

a)  
.6

 
	

00
_ 	

cu 	
• - 	

.•-• 	
...-. 	

• - 

	

03 	
„, 	

.... 	
o

 	
• - 

co 
.„ z3 

 
mc') 

 
4

3
 c

lo
 -0

 

a c 3
 

 

	

.... i3
 0

3
 •

 	
.0

 .5
 

 
IJ

) V
 

3
4
 Z

 	
"
C

3
 0

 =
 -

C
 C

 	
-
 

•
t
i t

u
 

0
  
•
 
c

)
 
c

/
 
C

 
	

-0
 
0
 

0
  
-

--F
.. -- 

4
 

*5
 I

;
 3

 	
-0-  7

, .=
 
	

1
 1

 ,) P
. 

v  
8

 
0

 
	

a) 
a

4.. 	
0

 
c

 
.
.-1 

0) 

	

„F
 	

... 	
, 	

0
  r

..1) .-6
 	

ti 	
_ 2 

7u . F.. 
'7), 	

cu 	
0
 	

E
 

	

.
 
-
 
c
 
	

V
 C

D
 

"
'
 
>

 
0
 
0
 
‘

12 
	

.0
 

.471
.4 

CA 	
... 

(1) 	
0

 	
•O

.  
V

.
 	

4
1
 	

7
4

 
C

+
'  

C
 	

4
.) 

C
  
d

'
 

V 
'
'
'
.
 
•
=

 
lc

 
c6) 

0
  a

t. 7
,5

 
,.0

 
0

  ..c
 

X
  1

-1
  

• .. 
v 	

8
 
t
 

tco 
a

. 0
 

-.5. 	
. „

:
 7

5
 g

 g
 k

i
 l

q
 

..., 

	

E
 

0
 

Ci) 	
/
:
 
0
 

0
 .iv

 T
•crf 
	

-6
 

 
• - 	

E 	
tr.'"I' 	

,1).; 	
ct% 

0
 	

11) 	
c4 	

P'. 

	

ct 	
a) 	

V
 

-c
  8

 
p

 
	

..... 
 

a) 
1
... o

) •,-;, c
l) i.., c

a
. c

) r
n

 	
E 

8"
  

a
) .• 

	
>

 
I
I
.e

 iz
i 

o
 

,.c. 4
3
  
	

-0
  
	

() 
2
 8

 -
•
 

13  
2
 
0
)
 
t
e
 
	

1 :  1 
16

 

	

b. 
	

0
 	

,..., .....; ,_
 

0
.  g

a
. 

• ... 	
• 	

0
 
0
 

f
, 

a
 -

 	
0
0
 0

 	
0

 ,.. ..=
 	

"0 
..' 	

.) 

	

‘.4-..' ("
/ 	

-71  -
=

 . c
 '

S
 

..8 
	

0
 

C.) 	
..•

 	
• •••■ 	

'-''' 	
'
 	

1".' 	
0

 	
Q

 	
(.4 	

E
 	

°
 	

2
 .`!' 	

8
 	

c
 	

c
 	

2
 	

al 

	

i
-
 
'4-

 	
• •••1

 
-0

 	
..E. 	

c
 _

a
 	

-
0
 .0

 •
 -

 	
0

 	
iu

 	
.,-., 	

-0
 

 

	

..c
 Z

.. -z
 .--, 
	

c.S.)  
°
 

S"' 
... 

	

rn 
.0

 
	

w
c. 	

0
 	
izi • •••■ 

4
. 

C
.) • 4. ••_!•_Q 	

CU 	
4>) 	

..t! 	
elj 
	

, 	
4, 
	

0
 	

0
 

..E. 	
e. 	

. F-i 	
c
 	

o
 
_
0
 	

c
 	

,3)  a
l
 	

„0
  
.
 60  

	

• • •••• 	
V

 
	

V
 	

•,;_1 	
,ID 	

4,,, 
"

=
 C

l. "
0

 tp
 C

 •••-• 1
5

 
e

"
 P

 "
C.,... 

IE
• "tza 

	
1:3 	

0
 c

n
 =

 u
 c

..)
 a

)
 c

d
 (

L
)
 

4̀-•
 
.
 
0
 
0
 
a
)
 

... 	
0

 	
tu

 

t
 

as
  
3
 

0
 

,...., ›, 
 

	

o
 
0
 
=

 
CI)  
e
 
0

 	
0
 

la, 	
a

.) ,,,co
 0

 
.6

 
..5

4
 z

 c
  

	

7,' 	
0

  
o
 

g
 .5

 
in

 0
, 

.c
r 

=
 C

I) V
) 

0
 	

C
 
G

 
I
.
 
c
o

 
11) 
	

7
3
 
	

•-- 
 

• 
• 	

a
 

.,,''. 	
qa 

	

a
 v

 •
 -

 -
a
 3

 -
0
 o

 	
.2 

...ct,  
N

• 
0

  ..c
 c

3
 id

  
a
, 	

.... 	
• •-• 	

,,, 
..c 	

..., 	
p-, 	

. 4 . . . 	
A  .   - .) 
	. 	

2
 	

0 	
2

 	
0. 	

6
 	

..4 	
,... 

 
0

 .... .,,, , „
„
 z

 ..... , _
 ad

 .0
. 

0
- 

.1..).  
1
-
1
 -

 

z
. ...z

 .„
.. 0

 c
 	

--* 
"

 =
 1

1
 	

o
 0

 e
u

 =
 ,,;

 
la

 
0
  

	

0
 
u

 
c
 	

c
la

 =
 

.... 
ci) 	

-r
z
t
 C

.)
 0

 v
l 0

 v
i ..0

 
1:3 s4-1 

	

0
 	

ts-) 	
m

a 

	

(.) Z
 	

64
  E

l 
•B

 
.
 
2

 
,t1c-.) ‘g

• ----0 
-3.0"-  &

 .0 
	

.2 
2
 .....E 
	

,..•
 c

 
e

a
 '....-- 	

.... a
) 	

.
 

-0
 ....e4  c

d
 	

C
 e

e
l 	

•
-
 

• -
 	

.- 

	

'''' 
1)  

.
=

 
t

5  
a

 	

-
 
c

 
.
0
  
•
 

 
 

0
 	

=
 
	

I-.  

	

.7
3
 (,) 

CA
 1)  7

1
 	

r
)
 V

 C
 

43-)  C
L

)  ,-=
 :-"

4
 

2
 
	

0
 0

 0
 ,-

. 
v, d

) 	
c
..) C

 0
 0

 
co. 

V
 E

n
 

0
 

.
r=
 

0
 7

1
1
1 .
4

 
"

E
l
 
c

iA
 
0

 
S

.
 
V

 

E
 i

s
 -

 
c„ 

.E
 2

 
1.4 

	

Q
 

:45: 
e. 

c 	
:a

 E
 r

d
 --',.1

 
._n 

••■
•
 
4
-
•
•
 
•
-
•
 

b
4

1
 
t
i
)
 

.••4
  

7
: ) 4)  

3
 
-
 

7,  
t
 
2
 	

0
 	

-0
 

g w
. 

,,„ 
0
 2

 -
-
 ..=

 
"

 
0

 
2

 >
, 

0
 	

-E
  2

) g
 i{

;,' 1
5

 	
-
 t

a
.
 
0
  c

 
=

 
z
 
`
6

3
)  F

"
 

••••• 	
v

j
 
•
 ■

■• 	
=

 
_
t
•
•
•
 	

0
 	

.a,
 	

=
 	

4) 	
2

 c
E

 	
o

 

	

i.) 	
• - 	

4,,, 	
,.,„

 ,, 	
0

. 	
3
 	

0
 '-i5

 "
-E

 c
o
 	

--, 

	

., 	
... 	

.0
  0

 
.
.
,
 

 
• - _

_
_

 	
0
 (4

3
, 
	

1.4  
4
..) .) 

74 

	

0
 	

4) 	
c.) 	

>
. • - 

a
)
 0

. •
 	

-4- 
	

r- 
P

.  

	

0
 
c

.2
. ..0

 c
o
.) 	

tS
, (1

) 
4",  a

.... 	
0

 
*

-
,
 
t
i
 
°
 

ci)  
•
 

6
  

c
 
o
 

	

5
 	

1
1

) 0
 

M
 $

"
' cn

 
l.  

	
1
) 
	

..5
, .. 5

 ....  
	

g
 
0

 

	

z
 c

.., 
tit; 1--.1 1,7, 0 	

0
3

 2
 ''' 

'3
 	

g
 . (

,)
 4

, -
 	

0
 0

 0
 -,0

 	
0

 -0
 ....=.• - 

	

.... -t3
 - • 0

 
0
 	

t
 	

g
 -

=
 	

b°
  
'
 3  ) 	

g
 B

 
1.9 

,... .-
 -

 	
.... 

-0
 

C
•1-1 

O
D

 	
ca. 

.
.
 
.
 
a

 
fm. 

	

c
s
 c

s
 ,,, •

.,, z
 i, 	

0
 

in 	
,..,, 4

.) ,„
 , ..., 

	

31 
-,3

5
 0

 
-.5c

 .-
 z

 b
o
 c

d
 	

i..,) 5
 

 
i... 

	
t3 	

c
 

to
 a

z
 	

.1C
3 .=

 	
0

 • •
 	

g
 

6
 4

, .ti .,,_
 

4
)
 2

 	
,.., 5

 •
 -

 
	

-
 2

 ,..1
.- 

5
 o

u
 8

 	
a

 &
 

.s
 4

3
 
	

ca. 
 
 

Z
 	

....... 	
,
.
 	

•
 	

.
.
,

7.-9 
Z

I, 1.. 	
X

 c
.) •-■ 	

C.) 	
0 O

a+
.) 
	

2
 .)

 .)
 i

A
 0

 
ed 

e
 
4

 °
 b

a
 

C
A

 S
. 	

• 	
474‘  .-

5
. .5

 :
a
 z

 Z
 2

 
.c 

.5
 E

--,  c
. .5

 .6
 .2

. 
-8 



a) 

weld penetration  and  

P = K  (I/SE2)'/3  

E = Arc  Voltage  [volt]  

S = speed of travel [inch/min]  

P = arc  penetration  [inch]  

I = welding  current  [amp]  

K  = constant  which depends  upon  the  process  and consumables.  

.Current  is  the  most  
important  welding  variable  because  it  influences  deposition  rates,  penetration,  and 
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To  = Ambient  temperature  

Where  L = Electrode  extension  

N  = Operating  parameter  

Penetration  can  be  calculated as  

v  = Weld speed (m/sec)  
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Gupta  [ 13]  proposed the  following  equation  for  penetration  

A,  B,  C= constants  

I  = Welding  current  

V = Travel speed (cm/m in)  

E = Arc  Voltage  
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Joint  geometry  and flux  have  very  little  effect  on  bead width.  
O

 

eters  on  bead  geometry  

owing  equation.  

"
 C

4
-o

 

00 
c
 

:5
 

-0
 

7
.) 

4
.

0 
0
 La

  

g a.) 
0. 

-0
 to

 
c
 

:0
 :E

s
' 

U
 

0
 to

 
Tu.  

II 	
0

 

d = Plate  thickness,  cm  

I = Welding  current  

S = Travel speed,  cm/sec  

1.1.3.  Reinforcement  height:  

Shrapov  [15]  proposed the  following  equation  for  calculation  of bead  width 

reduce  arc  blow  and arc  interactions.  

X = Constant  (0.01  cal/cm  sec  / °C  

a  = constant  (0.0859 cm/sec)  
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of weld is  increased,  

consequently,  there  is  more  weld reinforcement.  

= Specific  density  (7.  5
 

= Weld shape  coefficient  (0.67)  

= Bead  width 

= Welding  current  

1.1.4.  Contact  angle:  
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TYPE OF WELDING OPERATION 
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a. ASSEMBLY 

COEFFICIENT  

OF INTERNAL SI IAPE 

NOMINAL VALUE 
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COEFFICIENT 	TYPE OF WELDING OPERATION TYPE OF WELDING OPERATION 

ASSEMBLY 	 REPAIR 
OF 	EXTERNAL 2 —  8 	 2 —  10 
SHAPE 

NOMINAL VALUE 	4 —  6 	 2 —  4 

Table  1.3:  Weld Reinforcement  Form-Factor  

1.1.7.  Weld reinforcement  form  factor:  
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W = Bead width 

P = Bead penetration  or  depth of penetration  

h = Bead  height  or  crown  height  or  height  of reinforcement  

a  = Angle  of convexity  

[3 = Angle  of entry  [23]  

The  various  shape  relationships  are  as  follows  

= weld penetration  shape  factor  

= weld reinforcement  form  factor  

a. 

it 

Ar  Area  of reinforcement  

=Area  of penetration  

(4)  Rate  of heat  input  per  unit  length  (RHO  

2.2.3.  Size  of electrode  

S  = welding  speed,  mm/sec  

V = Arc  voltage,  volts  

1.2 PROCESS PARAMETERS 

cos4  = power  factor  [20]  

2.2.2.  Arc  voltage  
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2.2.4.  Electrode  extension  

1.2.1.  Welding  Current:  

2.2.5.  Type  of electrode  

2.2.7.  Welding  speed  

I  = Welding  current  

Resistance  heating  

Heat  generated (H)  or  = 12  R.t  

Heat  Input  / length of weld = V.I  / S (KJ/mm)  

an 
0
 

0
 M

O
 

S = Travel speed 

composition  [7]  
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highest  for  direct  current  

d = wire  diameter  in  mm  

L = electrode  extension  in  mm  

DCEP and DCEN  [21].  
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I = welding  current  

L = electrode  extension  

cy  = resistively  of the  wire  

D = Diameter  of wire  
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welding  several types  of 
energy  sources  are  available,  which have  been  listed as  follows:  

ultrasonic  and resistance  welding  processes.  
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is  not  practicable.  

2.  The  coating  is  likely  to  peel off when  the  electrode  is  coiled 

out  for  the  following  reasons:  
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from  a  supplementary  welding  rod.  [24]  
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2.5  Wire  feeding  system:  

gun  to  the  arc  by  electric  motor  driven  rolls.  

voltage  power  source  ,the  drive  motor  speed  is  set  to  furnish the  electrode  at  the  

vr 



2.7.4 Mechanically  mixed  fluxes:  
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any  ratio  to  yield desired results.  

2.8 Basicity  index:  

2.7.3 Agglomerated fluxes:  

The  agglomerated 

Basicity  Index  -  B.I.  = Basic  Oxides  / Acidic  Oxides  

to  IIW Basicity  index  can  be  given  by  

Basic  fluxes  —  2.5 > B.I.  > 1.5 

Acidic  fluxes  —  B.I.  <  

(b)  Neutral fluxes  —  1.5 >  B.I.  > 1  

(d)  Highly  Basic  fluxes  —  B.I.  >2.5 

2.7.2  Bonded  flux:  
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5.  Electrode  size  

1.  Welding  current  

6.  Type  of electrodes  

3. 

Welding  voltage  

4. 

Welding  speed 

2.10 Advantages:  

7.  Joint  geometry  

2.11 Limitations:  
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2.12 Applications:  

1. 

Ship  and barrage  building.  

2. 

Rail road car  fabrication.  
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Experimentation  
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Table  3.2 Composition  of filler  wire  

diameter,  copper  coated mild steel solid wire  SA-1,  4 mm  

3.2.1 Filler  wire  
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Table  3.3 Composition  of flux  
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Manufacturer:  M/s  Kanubhai Electrical Pvt.  Ltd.,  New  Delhi 

3.4  Procedure  of experimentation  
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as  shown  in  fig  3.2 

3.4.5  Conducting  trial  runs:  
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3.  Polarity  = reverse  

2.  Electrode  to  work angle  0 = 900  
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Current  I (Amps)  

Voltage  V (Volts)  

3 	 Speed S (mm/sec)  
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Welding  conditions   
Welding  current  varied,  welding  voltage  and welding  
speed  constant.   
Welding  voltage  varied,  welding  current  and welding  
speed constant.   

Sample  C 	 Welding  speed varied,  welding  current  and welding  
voltage  constant.   
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3.6  Impact  testing:  
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values  were  in  the  range  of 80 to  100 Joules  

possessed adequate  toughness.  [281  
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for  mechanical testing  of steel products.  

4.2 Tensile  test:  
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joints  made  by  any  fusion  welding  process.  
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the  test  piece  direction.  

8.  Only  the  weld reinforcement  on  the  face  and  root  side  should be  removed,  unless  

otherwise  specified in  the  application  standard.  
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ters  and heat  input  from  the  hardness  value  

4.5.1  Computational procedure  to  establish correlations  

parameters  and The  best  fit  equations  to  correlate  the  

Let  the  curve  

to  a  given  data.[27]  
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Prediction  equations  

Samples  A 

U = 0.0222  12  - 20.955  1 +  5389. 1 

K = -0.0008 	0.6807 1-  125.82 

E = 0.00081-  0.7459 1+  1 95.53  

U = 979.55H2  -  4492.31-1 + 5586.8 

K = -4.4524H  +  34.599 

E = 31.088H2  -  144.84H+  188.49 

Samples  B 

U = -0.8802 V2  +  60.39 V -  558. 1 9  

K = -0.0459V2  + 2.746V -  15.597  

E = -0.0308V2  +  2.122V -  15.875  

U = -244.51H2  + 1 006.5H -  558. 1 9 

K  = -10.8691-12  + 37.65 1H -  6.9637  

E = -8.4945H2  + 35. 118H  -  15.627 

Samples  C  

U = 72.211 S2  -  928.47S +  3392. 1  

K = -4.8896S2  + 63.548S -  1 80.09 

E = 0.4827S2  -  6. 1877S + 39.777 

U = 333.07H2  -  1556.5H + 2239 
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	  Welding  conditions   
Welding  current  varied,  welding  voltage  and welding  
	  speed fixed.   

Welding  voltage  varied,  welding  current  and welding  
	  speed fixed.   

Welding  speed varied,  welding  current  and welding  
voltage  fixed.   
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Table  4.2  Welding  Conditions  
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Welding  conditions:  

1. 

Welding  Current  (varied)  = 400 A  to  525 A  

2. 

Arc  voltage  (fixed)  = 35 volts  

3. 

Welding  speed (fixed)  = 7.08 mm  / sec  

8.  Flux  type  = agglomerated  

7.  Welding  position  = flat  
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Welding  conditions:  

1. 

Welding  Current  (fixed)  = 425 A  

2. 

Arc  voltage  (varied)  = 30 volts  to  40 volts  

3. 

Welding  speed (fixed)  = 7.08 mm  / sec  
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Electrode  to  work  angle  0 =  900  
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Polarity  = reverse  
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Welding  conditions:  

1. 

Welding  Current  (fixed)  = 425 A  

2. 

Arc  voltage  (fixed)  = 35 volts  

3. 

Welding  speed (varied)  =  5.33  mm  / sec  to  7.33 mm  

6.  Polarity  = reverse  
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Results  and discussions  

reasoning  can  be  used to  explain  the  trend heat  input  to  the  weldment.  

between  welding  current  and hardness  which shows  gradual decrease  in  hardness  
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a  parabola  fitted using  method of least  squares.  As  is  evident  and discussed in  the  

0. constant  i.e.  35 volts  and 7.08mm/sec.  The  UTS was  maximum  i.e.  572 
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corresponding  to  Heat  Input  2.22 kJ/mm  and minimum  Hardness  was  21.66 

i.e.  35  volts  and 7.08mm/sec.  the  maximum  Hardness  was  calculated 27.4  HRC 

corresponding  to  Heat  Input  2.34 KJ/mm.  The  average  Hardness  was  24.42  HRC.  
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5.7 Effect  of Arc  Voltage/And UTS (Sample  B):  

1 9.8%  corresponding  to  heat  input  2.34KJ/mm.  The  average  % Elongation  was  21.2%.  

steps  of 25 Amps  keeping  welding  voltage  and welding  speed constant  i.e.  35  volts  and 

which may  be  attributed to  chemical heterogeneity  in  the  fusion  zone.  In  this  case  heat  

7.08mm/sec  respectively.  The  maximum  Percentage  Elongation  was  found  to  be  24 % 

input  was  varied 1.97 to  2.6 kJ/mm  by  changing  current  from  400 Amps  to  525Amps  in  

corresponding  to  heat  input  of 1.9KJ/mm  and minimum  Percentage  Elongation  was  

The  second primary  welding  variable  was  arc  voltage  and the  trend between  arc  

was  25.745 HRC corresponding  to  30 volts  and minimum  value  of hardness  was  

20.495HRC  corresponding  to  40 volts.  The  average  value  of hardness  was  23.71  HRC.  

5.9  Effect  of Arc  Voltage  on  Percentage  Elongation  (Sample  B):  
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voltage  in  steps  of 2 volts.  The  trend was  depicted by  the  best  fit  curve  shows  that  with 

an  increase  in  arc  voltage,  percentage  elongation  an  increases  initially,  thereafter  
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minimum  Hardness  

maximum  elongation  21. 1% corresponds  to  34 volts  and minimum  

ect

on  

IP
) Amps  and 7.08mm/sec  respectively.  Maximum  Hardness  was  found to  be  

to  be  23.71HRC.  

The  graph between  heat  input  and hardness  for  sample  category  B is  shown  in  fig  5. 11.  

from1.80KJ/mm  to  2.40KJ/mm  by  varying  voltage  30  volts  to  40 volts  in  six  steps  of 2 

fitted  in  the  scattered plot,  but  over  all trend  of this  curve  states  that  as  heat  input  

Heat  input  in  this  case  was  calculated by  keeping  welding  current  and welding  speed  as  

current  and welding  speed constant  at  425 Amps  and 7.08mm/sec  respectively.  During  

The  heat  input  / mm  length of weld  calculated in  this  case  is  made  by  varying  voltage  

in  six  steps  of 2  volts  each  keeping  welding  current  and  welding  speed as  constant  at  

input  was  varied from 1.80KJ/mm  to  2.40KJ/mm  by  varying  voltage  30 volts  to  40 volts  

elongation  1 9.8 % corresponding  to  30 volts.  The  average  percentage  Elongation  was  

second half of the  arc  voltage  varied  36 to  40  volts  the  percentage  elongation  decreases.  

5.12 Effect  of Heat  Input/ length of weld  on  Percentage  Elongation  (Sample  B):  

weldment  decreases  is  again  as  per  the  discussion  given  in  section  5.5.  In  this  case  heat  

fitted into  the  scattered plot.  In  this  the  more  dominating  trend is  that  of decreased UTS 

minimum  UTS 454.3MPa  at  1.80KJ/mm.The  average  UTS  were  466.92 MPa.  

25.745HRC corresponding  to  heat  input  1.80 

5.10 Effect  of Heat  input/  length  of weld  on  UTS (Sample  B):  

as  heat  input  increases.  This  fact  is  again  in  line  with the  discussion  mentioned  in  the  

The  graph between  heat  input  and UTS for  the  sample  category  B is  shown  in  fig  5. 1 0 

varying  voltage  from  30  volts  to  40 volts  in  six  steps  of 2  volts  each keeping  welding  

previous  section.  In  this  case  heat  input  was  varied from 1.80KJ/mm  to  2.40KJ/mm  by  

and  keeping  welding  current  and  welding  speed constant.  A  polynomial equation  was  

increases  percentage  elongation  also  decreases.  .  In  this  case  heat  input  was  varied 

The  reasoning  for  this  trend i.e.  with an  increase  in  heat  input  the  hardness  of the  

20.495HRC  corresponding  to  heat  input  2.40KJ/mm.  The  average  hardness  was  found 

5.11 Effect  of Heat  Input/ length of weld on  Hardness  (Sample  B):  

respectively.  In  this  graph the  heat  input  was  varied  1.80KJ/mm  to  2.40KJ/mm,  the  

this  variation  of heat  input  the  maximum  UTS was  found 490.3MPa  at  2.04KJ/mm  and  

constant  and varying  voltage  in  steps  of 2 volts  each.  Although a  parabola  has  been  

volts  each keeping  current  and  speed constant  at  425  Amps  and  7.08mm/sec  

maximum  percentage  elongation  was  fond  to  be  21. 1%  corresponding  to  2.04  KJ/mm  

"I* 
2IT 



and minimum  percentage  elongation  was  19.8 % corresponding  to  heat  input  1.80 
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voltage  30 volts  to  40 volts  in  six  steps  of 2 volts  each keeping  current  and  speed 

constant  at  425 Amps  and 7.08mm/sec  respectively.  The  average  percentage  elongation  

was  20.2 %.  

5.13 Effect  of Welding  Speed on  UTS (Sample  C):  

The  trend as  shown  by  the  best  fit  curve  between  welding  speed and  UTS states  that  as  
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is  slower  cooling  rates  and hence  lowers  UTS value.  In  this  case  maximum  UTS  was  

5.14 Effect  of Welding  Speed  on  Hardness  (Sample  C):  

dilution.  This  means  that  more  penetration  and hence  more  side  wall fusion.  This  result  

specimen  is  shown  in  fig  5.14.  The  trend as  stated by  the  best  fit  curve  in  to  the  data  

490.5  MPA corresponding  to  welding  speed 6 mm/sec  and minimum  UTS  343 MPa  

corresponding  to  6.66 mm/sec.  The  average  UTS  was  445.88 MPa  

25.83  HRC  corresponding  to  welding  speed 5.66 mm/sec  and minimum  hardness  22.83 

The  graph  between  welding  speed and hardness  as  measured on  weldment  of each 

shows  that  as  welding  speed increases  hardness  value  also  shows  an  increase  for  the  

on  basis  of fact  as  stated  in  the  previous  section  5.13.  The  maximum  hardness  was  

HRC corresponding  to  7.33 mm/sec.  The  average  hardness  was  23.70 HRC.  
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average  percentage  elongation  was  found to  be  20.2 %.  

results  in  fine  microstructures  which accounts  for  the  increase  in  UTS.  In  this  case  the  
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18.58  HRC corresponding  to  2.77.  The  average  hardness  was  23.70HRC.  
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Conclusions  

arc  voltage  and welding  speed  was  found out.  

joint  were  identified and  the  process  range  of these  

forming  the  basis  for  automation.  
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