















































CHAPTER 1

INTRODUCTION

1.1  Background Study

Welding is processes in which materials of the same fundamental type or class are
brought together and caused to join become one through the formation of primary chemical
bonds under the combined action of heat and pressure (Messler, 2008). According to Messler
(2008), when significant is nvolved and necessary for welding to involve, the processes are
called fusion welding processes. There are 3 type of fusion welding which is gas welding, arc
welding and high-energy beam welding. Arc welding can be grouped mnto several categories
such as Shieldled Metal Arc Welding (SMAW), Gas Tungsten Arc Welding (GTAW), and
Gas Metal Arc Welding (GMAW). This project uses GMAW or is also referred to as Metal
Inert Gas welding (MIG) process. Gas metal arc welding is a process which incorporates the
automatic feeding of a continuous, consumable electrode that is shielded by an externally
supplied gas. While the equipment provides automatic self- regulation of the arc and
deposition rate, the only manuals control required by the welder for semiautomatic operation
are gun positioning, guidance and travel speed. The arc length and the current level are

automatically maintained (Nadzam, 2014).

Modern, ultra-lightweight places demands on welding technology that simply cannot

be met with traditional shielding gas welding processes. Variants of the robust arc welding



process need to be developed which feed very little heat into the material but which still
guarantee strong connections. S. F. Goecke states that the cold arc welding is a variant of
MIG process that meets the demands. In this process, all inventions in the process flow are
carried out directly in the power source without mechanical invention in the wire feed, which
means that standard welding torches can be used and the process can also be used to produce
excellent manual welding results. However, both GMAW and cold arc welding process can

still lead to any defects and issues.

Two of the major problems of any welding process are residual stress and distortion
(Colegrove, et al, 2009). Welding distortion, a result of the non-uniform expansion and
contraction of weld metal and adjacent base metal during the heating and cooling cycle of the
welding process, is a major concern during the fabrication of a welded structure (Yang, et al.,
2014). In this research three welding parameters that influenced the distortion produced
during welding are studied. The welding parameters are arc voltage, arc current and welding
speed. These variables can be controlled through the welding equipment under the limitation
of welding process and weld procedure (Waheed, et al, 2015). The influence of these
parameters on weld distortion is studied by comparison of results between two welding

processes which is GMAW and Cold Arc welding.

1.2 Problem Statement

Welding is more than a century old technology. In the early 19th century, electricity
was developed and at the same time, welding technology was remarkably changed by the
mtroduction of electric arc welding (Thwe, et al, 2009). Metal arc mert gas shielded welding,
also known as MIG, MAGS or GMAW, was first n the USA mn the mid-1940s. Since then,
the process has been used extensively in a wide range of industries. Gas Metal Arc Welding
(GMAW) machine as shown mn is the most widely used arc welding process in industry. The
benefits such as high production rates, high weld quality, ease of automation, and the ability

to weld many metals make it attractive to manufacturer (Mathers, 2002).



There are several method were used to assemble a car body such as laser weld, tailor
welded blank, GMAW and spot weld. For this report, GMAW is chosen as the main research
and experimental study (Mohamad, 2008). The process is used extensively for joining low
carbon steel components for the bodies and chassis of automobiles, trucks, trailers, buses,
mobile homes, motor homes and recreational vehicles, and appliances and many other
products (Mohamad, 2008). However, there are always having issue regarding mechanical
properties that would affect surface finish quality of the car body such as distortion, fracture

and scratch. This problem will delay the time and production to recover it back.

Thus in order to avoid the time delay in production, welding distortion need to be
elimmated by applying the processing method involves the use of a lower heat mnput such as
Cold Arc. These methods generally have little effect on the magnitude of the tensile stress
region which is typically around the yield value (Colegrove, et al, 2009). Therefore the result
from Response Surface Method (RSM) will provide better analysis regarding the effect of
welding parameters on welding distortion between both GMAW and Cold Arc process.

1.3 Objectives of the Study

The objectives of the study are as follows:

1. To ivestigate the effect of welding parameters with similar thickness of SPCC thin
plate by different process to the welding distortion of the thin plate

ii.  To propose optimization of parameter on the welded specimens by using GMAW and
Cold Arc welding process

iii.  To relate the effect of welding parameters to the welding distortion

1.4 Project Scope of Work

The scope of this study includes:



i Material used is SPCC Steel with different thickness.
ii.  The sheet metal plate is joint by using GMAW and Cold Arc process by applying lap
joint.
iii.  Study of weld quality and distortion by using CNC Coordinate Measuring Machine
(CMM)

1.5 Significance of Study

The purpose of this research is to determine the suitable welding process to reduce
welding distortion. This study also evaluates the welding parameters that affect the most on
the mechanical properties of the welded metal plate.

This study is done for the automotive industry. This is because automotive mndustry
uses arc welding the most. In order to reduce CO2 emission, decreasing body weight is an
urgent requirement in the automotive industry, and in this context, the need for application of
thinner steel sheets of higher strength is increasing. In addition, besides reducing spatter,
welding methods and consumables must be able to deal with gaps often seen with press-

formed sheets (Kodama, et al., 2013).

The use of particularly cold arc welding power source for welding of body parts is
increasing because of the ability of low heat-input welding and significantly low spatter
(Kodama, et al, 2013). Thus this study gives benefit to automotive industry in comparing

type of welding process which can reduce welding distortion.

1.6  Research Planning

The research planning is shown from the gantt chart below. The activities along with the

weeks are represented in the gantt chart.



Table 1.1 Gantt Chart of PSM 1

WEEK 1 2 3 4 5 ] i 8 9 10 11 12 13
TASK

14

Find Supervisor

Project title selection

Discussion with supervisor

Writing proposal
Chapter 1: Introduction
Chapter 2: Literature Review
Chapter 3: Methodology

Component survey

Presentation preparation

PSM | Poster presentation

PSM | Report submission

1.7 Summary

Arc welding touches almost every component of a vehicle. From the body-in-white to
chassis components, powertrain, seating, exhaust, truck frames, axles and all types of steel
and aluminium trailers, Gas Metal Arc Welding (GMAW) is an integral part of almost every
part in the vehicle. Arc welding is widely used for chassis parts because of advantages such
as the ease of continuous joining to secure high strength and rigidity of joints and wide
freedom of joint shape to allow easy joming to pipes, brackets, or other accessories. Since
chassis parts are composed of many components welded together, it is essential that weld

joints are highly resistant to fatigue and corrosion (Kodama, et al, 2013).

New welding consumables aiming at suppressing spattering and improving gap
weldability were developed. This paper reports the results of these studies and development
activities. The other welding process that can be used in automotive industry is Cold Arc
process which use low heat mnput to jont the thinnest sheet material. Therefore, welding

distortion on the welded specimens will be observed between both processes.




CHAPTER 2

LITERATURE REVIEW

2.1  Welding History

Welding, a metal jomning process can be traced back i history to the ancient times. In
the Bronze Age, nearly 2000 years ago, circular boxes made of gold were welded in lap jont
arrangement by applying pressure. Later on in the Iron Age, Egyptians started welding pieces
of won together. But welding as we know nowadays came mto existence only in the 19th

century (Islam, 2014).

According to Islam (2014), welding is a manufacturing process of creating a
permanent joint obtained by the fusion of the surface of the parts to be jomned together, with
or without the application of pressure and a filler material. The materials to be joined may be
similar or dissimilar to each other. The heat required for the fusion of the material may be
obtamed by burning of gas or by an electric arc. The latter method is more extensively used

because of greater welding speed.

The weldability has been defined as the capacity of being welded into inseparable
joints having specified properties such as definite weld strength proper structure. The
weldability of any metal depends on five major factors. These are melting point, thermal

conductivity, thermal expansion, surface condition, and change in microstructure

(Saurabhjain, 2017).



Figure 2.1 shows the overview of welding processes which is divided into several
categories such as gas welding, resistance welding, arc welding, newer welding and solid

state welding,

Figure 2.1 Welding Process Chart (Saurabhjain, 2017)

2.2 Gas Metal Arc Welding (GMAW)

GMAW, by definition, is an arc welding process which produces the coalescence of
metals by heating them with an arc between a contmnuously fed filler metal electrode and the
work. The process uses shielding from an externally supplied gas to protect the molten weld
pool. The alloy material range for GMAW includes carbon steel, stainless steel, aluminium,
magnesium, copper, and nickel, silicon bronze and tubular metal-cored surfacing alloys. The
GMAW process lends itself to semiautomatic, robotic automation and hard automation

welding applications (Nadzam, 2014).

Figure 2.2 is a schematic diagram of robotic GMAW. It consists of four parts: the
robotic system, the vision system, the weld power and the host computer. The robotic system
is a six-degree FANUC mdustry robot. The weld power consists of a Lincoln AC welding

machine and a wire feeder.



Figure 2.2 Robotic GMAW Systems (Xu, et al., 2015)

GMAW welding involves large number of mterdependent variables that can affect
product quality, productivity and cost effectiveness (Kim, et al, 2003). Many studies and
researches have been made so far to determine the effect of welding parameters on weld
properties and quality. Choi et al. (2005) researched on effect of current and voltage on
strength of lap joints produced by CO2 welding process. Also, Kacar and Kokemli (2005)
studied on influenced of controlled atmosphere on the GMAW arc weldment properties in
low carbon steel. Other than that, A.R. Bahman and E. Alialhossemni (2010) mvestigate the
arc voltage, welding current and welding speed effect on hardness, strength and UTS of weld
metal of St 37 steel. However, nearly there exists little information about relationship

between GMAW welding variables and mechanical properties of St 37 steel joints.

2.2.1 GMAW circuit
This is the basic equipment used for a typical GMAW, semiautomatic setup. Included are:
* A welding machine which provides welding power

* Awrre feeder which controls the supply of wire to the gun

8





