THE EFFECT OF TORCH DISTANCE ON WELDABILITY OF DISSIMILAR
WELDING

ASHAARI BIN IBRAHIM

A report submitted in partial fulfillment of the requirements
for the award of the degree of

Bachelor of Mechanical Engineering

Faculty of Mechanical Engineering

UNIVERSITI MALAYSIA PAHANG

JUNE 2013



UNIVERSITI MALAYSIA PAHANG
FACULTY OF MECHANICAL ENGINEERING

| certify that the project entitled “the effect of MIG torch distance on weldability of
dissimilar welding” is written by Ashaari bin Ibrahim. | have examined the final copy of
this project and in my opinion, it is fully adequate in terms of scope and quality for the
award of the degree of Bachelor of Engineering. | here recommended it to be accepted
in partial fulfilment of the requirements for the degree of Bachelor of Mechanical

Engineering.

DR. SYARIFAH NUR AQIDA BINTI SYED AHMAD

Examiner signature



SUPERVISOR’S DECLARATION

| hereby declare that | have checked this report and in my opinion this report project is
fully adequate in terms of language standard, and report formatting requirement for the

award of the degree of Bachelor of Mechanical Engineering.

Signature:

Name :DR. MAHADZIR BIN ISHAK
Position : DEPUTY DEAN

Date



STUDENT’S DECLARATION

| hereby declare that the work in this project report “the effect of MIG torch distance on
weldability of dissimilar welding” is my own except for quotations and summaries
which have been duly acknowledged. The report has not been accepted for any degree
and is not contently submitted in candidate of any other degree.

SIgNature: ......c.ooviiniiiiii

Name: ASHAARI BIN IBRAHIM
ID Number: MA09034

Date:



TABLE OF CONTENTS

TITLE PAGE

EXAMINER’S DECLARATION
SUPERVISOR’S DECLARATION
STUDENT’S DECLARATION
ACKNOWLEDGEMENTS
ABSTRACT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF EQUATION

ABBREVIATIONS

CHAPTER 1 INTRODUCTION
1.1 BACKGROUND STUDY
1.2 PROBLEM STATEMENT
1.3 OBJECTIVES
1.4  SCOPE

CHAPTER 2 LITERATURE REVIEW

21 OVERVIEW
2.2 STAINLESS STEEL

2.2.1 Typical Stainless Steel Application
2.2.2 Austenitic (200 and 300 series)
2.3 LOW CARBON STEEL

PAGE

vii

Xiii

Xiv

XVi

XVii

N DN N -

oa A b~ b~ b



CHAPTER 3

24

2.5

2.6

2.7

2.8
2.9

2.3.1 Typical Mild Steel Application

METAL INERT GAS (MIG)

2.4.1 Advantage of MIG welding

DISSIMILAR METAL WELDING

2.5.1 Weld metal

2.5.2  Risk of bimetallic corrosion to dissimilar

welding

WELDING PARAMETER CONSIDERATION
2.6.1 Parameter of welding’s torch

2.6.2 Filler Wire Selection for Dissimilar Metal
2.6.3 Buttering Process

2.6.4 Butt Joint

2.6.5 Shielding Gas

DESIGN OF EXPERIMENT

2.7.1 Taguchi Method

2.7.2 Analysis of Variance

TENSILE TEST

HARDNESS TEST

2.9.1 Vickers hardness test

2.10 TOUGHNESS TEST

2.10.1 Charpy’s test

2.11 WELDING DEFECT

2.11.1 Crack

2.11.2 Porosity
2.11.3 Undercut
2.11.4 Distortion
2.11.5 Lack of Fusion

2.11.6 Incomplete Penetration

METHODOLOGY

3.1

OVERVIEW

© ©O© 00 N O Ou

11
12
12
12
13
14
14
14
14
15
16
16
16
16
16
16
17
17
17
17

19

19



CHAPTER 4

3.2 PROCESS FLOWCHART
3.3 EXPERIMENT PREPARATION
3.3.1 Raw Material
3.3.1.1 Carbon Steel
3.3.1.2 Austenic 304 stainless steel
3.3.1.3 308 filler wire
3.4 WELDING PROCESS
3.5 DESIGN OF EXPERIMENT
3.5.1 Taguchi Method

3.5.2 ANOVA
3.6 SPECIMEN PREPARATION
3.7 MECHANICAL PROPERTIES TEST

PREPARATION
3.7.1 Tensile test preparation
3.7.2 Hardness test preparation
3.8 METALLURGY PROCESS

3.8.1 Surface analysis

RESULT AND DISCUSSION

41 OVERVIEW
4.2 VISUAL INSPECTION
4.2.1 Example for visual inspection
4.2.2 Summary of visual inspection
4.3 MICROSTRUCTURE ANALYSIS
4.3.1 Microstructure analysis under Inverted
Microscope
4.3.2 Microstructure analysis under SEM

4.3.3 Optical Measurement View

4.4 MECHANICAL TEST
4.4.1 Vickers Hardness Test

Xi

20
21
21
21
21
22
22
23
23
23
24
24

24
25
27
27

31

31
31
32
33
34
35

40
42

44
44



CHAPTER S

REFERRENCES
APPENDICES

4.4.2 Tensile Test
45 TAGUCHI ANALYSIS
4.5.1 Optimize parameter for hardness test
4.5.2 Optimized parameter for tensile test
4.6 VALIDATION TEST
4.6.1 Hardness test
4.6.2 Tensile test

CONCLUSION AND RECOMMENDATION
5.1 OVERVIEW

5.2 CONCLUSION

5.3 RECOMMENDATIONS

Xii

46
o1
52
54
56
56
S7

58
58
58
59
60
61



Xiii

LIST OF TABLES

Tables No. Title Page
2.1 Example of carbon steel application 6
3.1 carbon steel chemical composition 21
3.2 Austenitic 304 stainless steel chemical composition 21
3.3 ER 308 filler wire chemical composition 22
3.4 Taguchi method parameters 23
3.5 Dimension for ASTM standard of E8 25
3.6 Variables value for Vickers hardness test 26
4.1 The visual inspection 33
4.2 Hardness test result 45
4.3 Tensile test findings (Force, Displacement, Stress, Strain and 46
Yield Strength)
4.4 Result of experiment 51
4.5 Optimized parameter for hardness test 52
4.6 Regression analysis (Hardness) 53
4.7 Optimized parameter for Tensile test 54

4.8 Regression analysis (Tensile) 55



Figures
No.
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
3.1
3.2
3.3
3.4
35
3.6
3.7
3.8
3.9
3.10
3.11
4.1
4.2
4.3

4.4
4.5

4.6
4.7

LIST OF FIGURES

Title

Metal Inert Gas

IMC layer of aluminium-steel joint

MIG welding parameters

Electrode extension

Contact tip to work distance

Butt joint

stress strain curve

Welding defect

MIG machine

Automated welding table

Shear machine

ASTM E8-04

Vickers Hardness Tester MMT-X7 Matsuzawa
Cold mounting machine

Grinding process

Polishing process

Etching process

Inverted Microscope 1IM7000

Scanning Electron Microscope SU80000

The view for visual inspection

A, B, C, D, E is a spot of the picture of microstructure.

Microstructure at the base metal for carbon steel at magnification

100x

Microstructure at the base metal for SS at magnification 100x

Microstructure between weldment and HAZ (CS) for specimen 2

at magnification 100x

Microstructure between weldment and HAZ (SS) at 100x.
Microstructure of weldment at magnification 100x

Xiv

Page

37
37



4.8

4.9

4.10
411
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20
4.21

Defect inspection from the view of microscope
Fusion zone with 5 um magnification.

Base metal (stainless steel) with 10.0 um
Corrosion occur at the fusion zone with 2.00 um
Optical measurement view for specimen 10
Optical measurement view for specimen 4

Optical measurement view for specimen 14
Vickers hardness result

The Tensile Strength graph

Tensile test result

Main effects plot for means and SN ratios(hardness)
Main effects plot for means and SN ratios (tensile)
Hardness validation result

Tensile validation test result

XV

39
40
40
41
42
42
42
44
47
48
52
54
56
57



XVi

LIST OF EQUATION

Equation Title Page
No.
4.1 Regression equation of Hardness 53

4.2 Regression equation of Tensile 55



ASME

ASTM

ANOVA

BM

Cr

CS

Cu

DOE

FKM

Fe

FZ

HAZ

IMC

MIG

Mn

Ni

OA

SEM

Si

SS

LIST OF ABBREVIATIONS
American Society of Mechanical Engineers
American Society for Testing and Materials
Analysis of Variance
Base Metal
Carbon
Chromium
Carbon Steel
Copper
Design of Experiment
Fakulti Kejuruteraan Mekanikal
Ferrous
Fusion Zone
Heat Affected Zone
Intermetallic Compounds Layer
Metal Inert Gas
Manganese
Nickel
Orthogonal Arrays
Scanning Electron Microscope
Silicon

Stainless Steel

XVil



