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Abstract— In this competitive world the customers perceive 

the most reliable high quality with low cost product.  Flux 

Core arc welding famously abbreviated FCAW is one of the 

most important metals joining process in manufacturing 

industries. The selection of improper FCAW process 

parameter increases the power consumption, material 

consumption, man power, cost of the product and decreasing 

the weld quality. This project work is part of program for the 

development of SA 387 steels has to be increase mechanical 

properties and minimization of metallurgical defects to 

increasing weldment. The quality of weld in FCAW mainly 

influenced by independent variables such as welding current, 

speed of electrode and electrode stick out. The planned 

experiments are conducted in the FCAW welding machine. 

Image J software has to be used to find out the depth of 

penetration depending upon the temperature variation. 

According to experimental investigation found out the input 

parameter value AMPS – 140, VOLT-20 & BEVEL ANGLE-

65 º is the best value and it does not create any major changes 

and failures in the testing process and it was comparatively 

moderate toughness value than other value and it also induces 

high tensile strength. According to the Taguchi design the 

optimized parameter value 10 mm plate of SA387 steel were 

AMPS – 140,VOLT-20, BEVEL ANGLE-70º and mainly 

influenced with Amps 55%. 
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I. INTRODUCTION 

Flux core welding or tubular electrode welding has evolved 

from the MIG welding process to improve arc action, metal 

transfer, weld metal properties, and weld appearance. It is an 

arc welding process in which the heat for welding is provided 

by an arc between a continuously fed tubular electrode wire 

and the work piece. Shielding is obtained by a flux contained 

within the tubular electrode wire or by the flux and an 

externally supplied shielding gas. A diagram of the process is 

shown in figure. 

The flux-cored welding wire, or electrode, is a 

hollow tube filled with a mixture of deoxidizers, fluxing 

agents, metal powders, and Ferro-alloys. The closure seam, 

which appears as a fine line, is the only visible difference 

between flux-cored wires and solid cold-drawn wire. Flux-

cored electrode welding can be done in two ways: carbon 

dioxide gas can be used with the flux to provide additional 

shielding, or the flux core alone can provide all the shielding 

gas and slagging materials. 

The carbon dioxide gas shield produces a deeply 

penetrating arc and usually provides better weld than is 

possible without an external gas shield. Although flux-cored 

arc welding may be applied semi automatically, by machine, 

or automatically, the process is usually applied semi 

automatically. In semiautomatic welding, the wire feeder 

feeds the electrode wire and the power source maintains the 

arc length. The welder manipulates the welding gun and 

adjusts the welding parameters. Flux-cored arc welding is 

also used in machine welding where, in addition to feeding 

the wire and maintaining the arc length, the machinery also 

provides the joint travel. The welding operator continuously 

monitors the welding and makes adjustments in the welding 

parameters. Automatic welding is used in high production  

 
Fig. 1.1: Schematic of FCAW 

II. MATERIALS USED 

A. SA387 

SA387 Grade 12 is a chrome molybdenum carbon alloy steel 

for use in weldable pressure vessels and industrial boilers. 

The material benefits from added chromium which provides 

excellent corrosion and oxidation resistance making it ideal 

for sour service applications in the oil and gas industry. 

B. Chemical Properties 

Nominal Chromium 

Content (%) 

Nominal Molybdenum 

Content (%) 

1.00% 0.50% 

Table 1: 

C. Mechanical Properties 

Yield strength 

(Mpa) 

Tensile strength 

(Mpa) 

Elongation ≥,%  

200mm 

275 450-585 19 

Table 2: 

III. DESTRUCTIVE TEST 

A. Rockwell Hardness Test 

1) Rockwell Hardness systems use a direct readout machine 

determining the hardness number based upon the depth 

of penetration of either a diamond point or a steel ball. 

Deep penetration indicated a material having a low 

Rockwell Hardness number. 

2) However, a low penetration indicates a material having a 

high Rockwell Hardness number.  The Rockwell 

Hardness number is based upon the difference in the 

depth to which a penetrator is driven by a definite light 

or “minor” load and a definite heavy or “Major” load. 

3) The ball penetrators are chucks that are made to hold 

1/16” or 1/8” diameter hardened steel balls. Also 

available are ¼” and ½” ball penetrators for the testing 

of softer materials. 
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4) There are two types of anvils that are used on the 

Rockwell hardness testers. The flat faceplate models are 

used for flat specimens. The “V” type anvils hold round 

specimens firmly. 

5) Test blocks or calibration blocks are flat steel or brass 

blocks, which have been tested and marked with the scale 

and Rockwell number. They should be used to check the 

accuracy and calibration of the tester frequently. 

Using the “C” Scale; 

a) Use a Diamond indenter  

b) Major load: 150 Kg, Minor load: 10 Kg 

c) Use for Case hardened steel titanium, tool steel. 

d) Do not use on hardened steel 

1) Hardness Value 

Samples S1 S2 S3 S4 S5 S6 S7 S8 S9 

HRB 

Value 
78 81 90 80 80 74 78 86 96 

Table 3: 

B. Impact Strength 

In our Project Impact Strength determined through impact 

testing machine by charpy method. Specification of the 

machine and Size of the specimen 

Energy Range = 0 – 300 J 

Least Count (1 Division) = 2J 

Specimen size  = 10 X 10 X 55 mm 

Notch  = V NOTCH  

Notch Depth        = 2mm 

Materials TEST PLATE Averagei n joules/mm2 

SA 387 

S1 57 

S2 64 

S3 36 

S4 28 

S5 52 

S6 36 

S7 38 

S8 18 

S9 14 

Table 4: Impact Strength 

IV. OPTIMIZATION  

A. Process Parameters & Their Levels 

Levels 
Process parameters 

Amps volt Bevel Angle 
1 140 18 55 
2 160 20 65 
3 180 22 70 

Table 5: 

B. Design of Orthogonal Array 

Orthogonal array is designed using minitab-17 software to 

calculate S/N ratio and means. 

C. Orthogonal Array L9 Formation 

Trial No. Designation Amps Volt Bevel Angle 

1 A1B1C1 140 18 55 

2 A1B2C2 140 20 65 

3 A1B3C3 140 22 70 

4 A2B1C2 160 18 65 

5 A2B2C3 160 20 70 

6 A2B3C1 160 22 55 

7 A3B1C3 180 18 70 

8 A3B2C1 180 20 55 

9 A3B3C2 180 22 65 

Table 6: 

D. Experimental Data 

Tria

l 

No. 

Designatio

n 

Amp

s 

Vol

t 

Bevel 

Angl

e 

Impact 

Strength 

joules/mm
2 

1 A1B1C1 140 18 55 57 

2 A1B2C2 140 20 65 64 

3 A1B3C3 140 22 70 36 

4 A2B1C2 160 18 65 28 

5 A2B2C3 160 20 70 52 

6 A2B3C1 160 22 55 36 

7 A3B1C3 180 18 70 38 

8 A3B2C1 180 20 55 18 

9 A3B3C2 180 22 65 14 

Table 7: 

E. Impact Strength & S/N Ratios Values for the Experiments 

Tri

al 

no. 

Designati

on 

Amp

s 

Vo

lt 

Bev

el 

Angl

e 

Impact 

Streng

th 

S/N 

Ratio 

1 A1B1C1 140 18 55 57 
35.11

75 

2 A1B2C2 140 20 65 64 
36.12

36 

3 A1B3C3 140 22 70 36 
31.12

61 

4 A2B1C2 160 18 65 28 
28.94

32 

5 A2B2C3 160 20 70 52 
34.32

01 

6 A2B3C1 160 22 55 36 
31.12

61 

7 A3B1C3 180 18 70 38 
31.59

57 

8 A3B2C1 180 20 55 18 
25.10

55 

9 A3B3C2 180 22 65 14 
22.92

26 

Table 8: 

F. Response Table for Signal to Noise Ratios-Larger is 

better 

Level Amps Volt Bevel Angle 

1 34.12 31.89 30.45 

2 31.46 31.85 29.33 

3 26.54 28.39 32.35 

Delta 7.58 3.49 3.02 

Rank 1 2 3 

Table 9: 

G. Response Table for Means 

Level Amps Volt Bevel Angle 

1 52.33 41.00 37.00 
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2 38.67 44.67 35.33 

3 23.33 28.67 42.00 

Delta 29.00 16.00 6.67 

Rank 1 2 3 

Table 10: 

H. Main Effects Plot for SN Ratios  

 
Fig. 1: 

I. Main Effects Plot for Means 

 
Fig. 2: 

J. Analysis of Variance 

Sourc

e 

D

F 

Seq 

SS 

Adj 

SS 
F P 

% of 

Contributi

on 

Amps 2 
1262.8

9 

631.4

4 

2.2

5 

0.30

7 
55 

Volt 2 421.56 
210.7

8 

0.7

5 

0.57

1 
18 

Bevel 

Angl

e 

2 72.22 36.11 
0.1

3 

0.88

6 
3 

Error 2 560.22 
280.1

1 
  24 

Total 8 
2316.8

9 
   100 

Table 11: 

K. Regression Equation 

IMPACT = 38.11 + 14.22 AMPS_140 + 0.56 AMPS_160 

- 14.78 AMPS_180 + 2.89 VOLT_18 + 6.56 VOLT_20 

- 9.44 VOLT_22 - 1.11 Bevel Angle _55 -2.78 Bevel Angle 

_65 + 3.89 Bevel Angle_70 

V. RESULT & CONCLUSION 

FCAW welding can be used successfully to join SA387. The 

processed joints exhibited better mechanical and 

metallurgical characteristics. The joints exhibited 90-95% of 

parent material’s Hardness value. The specimen failures were 

associated depending upon the improper changes of heat 

value. According to Taguchi optimum value of in our 

experiment we found out the input parameter value AMPS - 

140, VOLT-20 & BEVEL ANGLE-65º is the best value and 

it does not create any major changes and failures in the testing 

process.  The toughness value of the FCAW welded SA387 

steel was comparatively higher value (AMPS - 140 VOLT-

20 & BEVEL ANGLE-65 º) than other value. It also induces 

high tensile strength. According to the Taguchi design and 

optimized parameter is value for the   10 mm plate of SA387 

steel is   was AMPS-140, VOLT-20, BEVEL ANGLE-70º 

and mainly influenced with Amps 55%. 
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