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ABSTRACT

Arc welding process is used in most of the manufacturing industries. In arc welding
process, it is very esscntial to optimize the process parameters to achieve the desired weld bead
characteristics. In this project work, objective function of maximizing bead width and height of
reinforcement and minimizing the dilution and penctration were considercd. Four process
parameters (welding current, welding spced, nozzle-to-plate distance, and torch anglc) were
identified for optimization subjected to realistic process constraints. This optimization problem

formulated as a multi objcctive, multivariable, non linear programming problem.

In order to overcome the difficultics with conventional techniques a new techniques
called particle sswarm optimization and ant colony optimization arc implemented in this work.
PSO is a simple and powerful technique based on the concept of social interaction to problem
solving. In PSO a swarm scarch of n individuals communicate either directly or indirectly with
one another for getting the search direction. The proposed PSO algorithm starts with five

particles (solutions) and search for new oncs by updating the velocities

Ant colony algorithms use the pheromone trial used by real ants as a medium for
communication and feed-back among ants. It is a population based cooperative search
procedure that is derived from the behavior of real ants. The solution genceration ts guided by
artifictal pheromone trials and problem-specific heuristic information. The ACO algorithm
starls with twenty solutions and search lor new ones based on pheromone trials,

)

Maximum of hundred iterations were performed and the solutions were obtained lor
ACQO and PSO algorithms, Program has been written using C language. The solutions obtained
by these procedures were found to be superior. The computational cffort is very less and casy

to implement.
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CHAPTER 1

INTRODUCTION



1.1 INTRODUCTION

Most of the engineering applications require both high strength and corrosion
resistant materials for long term reliability and performance. Often the performance can
best be achieved by the usc of steels which do not possess the required corrosion
resistance. A possible materials solution to providing structural components which
combine the attributes of high strength and corrosion resistance is to clad the surface of
the steel with a metallwrgically compatible corrosion resistant atloy. The characteristics
desirable in such a cladding alloy arc reasonable strength, weldability in duplex stainless
stecl. The have chlorine stress corrosion cracking resistance and strength significantly

greater than that of the 300-serics austenitics,

In recent years, weld cladding processes have been developed rapidly and arc now
applied in numerous industrics such as chemical and fertilizer plants, nuclear and steam
power plants, food processing and petrochemical industrics ete. the biggest difference
between welding a joint and cladding is the percentage dilution . The composition and
propertics of cladding are strongly influenced by the dilution obtained. Control of
dilution is very important in cladding, where typically low dilution is desirable. When the
dilution is low, the final deposit composition will be closer to that of the filler metal and

the corrosion resistance of the cladding will also be maintained.

Among the various processes used tor cladding, FCAW process has become an
optimum cheice lor cladding due to its high reliability. all position capabilily, casc ol use,
low cost and high productivity. Also. with the increased emphasize on the use of
automaled and robotic system, FCAW has been emiployed increasingly in mechanized

cladding in industry,



1.2 CLASSIFICATION OF WELDING PROCESSES

Welding techniques are employed mainly to join engincering materials and to
increase the strength. In recent years, welding processes have been developed rapidly and
are now applied in numerous industries like nuclear and stcam power plants, pressurc

vessels, train bodics, aireraft and missile components and in many automobiles,

The American Welding Society (AWS) has made cach welding process definition
as complete as possible so that it will suffice without relerence to another definition.
They define process as a distinetive action or series of actions involved in the course of

yroducing a basic (ype of result.
f=3

The AWS definition for a welding process is a materials joining process which
produces coalescence of materials by heating them to suitable temperatures with or
without the application ol pressure or by the application of pressure alonc and with or

without the use of filler materials,

AWS has grouped the processes together according to the "mode of energy
transfer” as the primary consideration. A secondary factor is the “influence of capillary
attraction in- cffecting distribution ol filler metal”™ in the joint. Capillary attraction
distinguishes the welding processes grouped under “Brazing” and “Soldering™ from “Arc
Welding”, “Gas Welding™. “Resistance Welding”™. “Solid Statc Welding™ and “Other

Processess™,
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Classification of Arc Welding

The arc welding group includes eight specilic rocesses, cach separate and
g 8 g

different from the others but in many aspects similar.

1.2.1  Carbon Arc Welding

The carbon arc welding process is the oldest of all the arc welding processes and is
considered to be the beginning of are welding, The welding Socicty defines carbon are
welding as an arc welding process which produces coalescence of metals by heating them
with an arc between a carbon electrode and the work-piece. No shielding is used.
Pressurc and filler metal may or may not be uscd. [t has limited application today, but a
variation of twin carbon arc welding is more popular. Another variation uses compressed

air for cutting,

1.2.2  Shiclded Mectal Are Welding

The development of the metal are welding process soon followed the carbon arc.
This developed into the currently popular shiclded metal arc welding (SMAW) process
defined as an are welding process which produces coalescence of metals by heating them
with an are between a covered metal clectrode and the workpicee. Shiclding is obtained
from decomposition of the clectrode covering, Pressure is not used and liller metal is

obtained from the clectrode.

1.2.3  Submerged Arc Welding

Automatic welding utilizing bare clectrode wires was used in the 1920s, but it was
the submerged arc welding (SAW) process that made automatic welding popular,
Submerged are welding is defined as “an are welding process which produces
coaleseence of metals by heating them with an are between a bare metal clectrode or
clectrodes and the workpicee, Pressure is not used and {iller metal is obtained from the

clectrode and sometimes for a supplementary welding rod.” [ ix nonmally linuted to the



1.2.7 Flux-Cored Are Welding

A variation of metal arc welding has become a distinct welding process and is
known as flux-corcd are welding (FCAW). It is defined as “an arc welding process which
produces coalescence of metals by heating them with an arc between a continuous filler
metal (consumable) electrode and the workpicce, Shielding is provided by a flux
contained within the tubular clectrode.™ Additional shielding may or may not be obtained

from an externally supplicd gas or gas mixture,

1.2.8  Stud Arc Welding

The final process within the arc welding group of processes is known as stud arc
welding . This process is defined as “an arc welding group of process which produces
coalescence of metals by heating them with an arc between a metal stud or similar part
and the workpicee”, When the swrfaces to be joined are properly heated they are brought
together under pressure. Partial shiclding may be obtained by the usc of ceramic ferrule

surrounding the stucl.

1.2,9 Brazing

Brazing is "a group of welding processes which produces coalescence of materials
by heating thom to a suitable temperature and by using a filter metal, having liquids
above 450"c and below the solids of the base materials. The filler metal is distributed

between the closely fitted surfaces of the joint by capillary attvaction.”

A braze 1s a vory special form of weld, the base metal is theoretically not melted.
There are seven popular different processes within the brazing group. The source of heat
differs among the processes. Braze welding relates to welding processes using brass or

bronze fller metal. where the tiller metal is not distvibuted by capillary action,

§



1.2.10 Oxy Fuel Gas Welding

Oxy fuel gas welding is “a group of welding processes which produces
coalescence by heating materials with an oxy fucl gas flame or flames with or without the

application ol pressurc and with or without the usc of filler metal.”

There are four distinet processes within this group and in the case of two of them,
oxy-acetylene welding and oxy-hydrogen welding; the classification is bascd on the fuel
gas used. The heat of the (lame is created by the chemical reaction or the bumning of the
gases. In the third process, air acetylene welding, air is used instead of oxygen, and in
fourth category, pressure gas welding; pressure is applied in addition to the heat from
the burning of the gases. This welding process normally utilizcs acetylenc as the fucl
gas, The oxygen thermal cutling processes have much in common with this welding

Process,

1.2.11 Resistance Welding

Resistance welding is “a group of welding processes which produces coalescence
of metals with the hicat obtained from resistance of the work to electric current in a circuil
ol which the work is a part, and by the application of pressure”™. In general, the diflerence
among the vesistance welding processes has to be with the desion of the weld and the type
of machine necessary to produce the weld. In almost all cases the processes are appliced
automatically since the welding machines incorporate both clectrical and mechanical

functions.

1.3 OPTIMIZATION

Optimization is the act ol obtaining the best result under given circumstanees. Tn
design, constructing, and mainienance of any engineering system, ogineers‘managers
have to take many technological and managerial decisions al several stages, Figure 1.1
shows the steps involved in the optimization process.

The uitimate goal of all such decisions is to cither minimize the ettort requived or



maximize the desired benefit,

# Mechanical engineers design mechanical cquipments like pumps, turbines, and
heat transfer cquipment for maximum cfficiency and mechanical components like
linkages, cams, gears, machine tools for the purpose of achicving cither a

minimum manufacturing cost or & maximum component life.

» Production engineers are interested in designing optimum schedules of various
machining operations te¢ minimize the idle time of machines and the overall job

completion time.

Necd for Optimization

Y

Choose Design Variables

¥

IFormulate Constraints

Y

Need not be

Formulate Objective .
at d ¢ sequential

Y

Sctup Variable Bounds
1

¥

Choose an Optimization ‘

[
1

h 4

Obtam Solutions —‘

FIGURE 1.1 STEPS INVOLVED IN AN OPTIMIZATION
PROCLESS



1.3.1  Types of Solutions

* A solution to an optimization problem specifies the values of the decision
variables, and also the value of the objective function.

» A feasible solution satisfies all constraints.

* An optimal solution is feasible and provides the best objective tunction value.
(There may be multiple optimal solutions for a given problem.)

* A near-optimal solution is fcasible and provides a superior objective function

value, but not necessarily the best.
1.3.2 Classification of Optimization Problems

Existence of constraints: An optimization problem can be classified as a
constrained or an unconstrained one, depending upon the presence or not of constraints.

Nature of the equations: Optimization problems can be classiticd as linear,
quadratic, polynomial. non-lincar depending upon the nature of the objective functions
and the constraints. This classitication is important, because compulational methods are
usually selected on the basis of such a classification, i.c. the nature of the involved

functions dictates the type ol solution procedure.

Admissible values of the design variables: Depending upon the values permitted
tor the design variables, optimization problems can be classified as intcuer or real valued,

and deterministic ar stochastic.
In this project work Optimization of [ux cored arc welding is atlempted using an

optimization lechnique called Particle swarm optimization and ant colony optimization,

The details ol these techniqgues are given in the chapter 5 and chapler 6 respectivel v,

o)



CHAPTER 2

FLUX CORED ARC WELDING



2.1 INTRODUCTION

Flux-cored arc welding is a semi-automatic or automatic arc welding process,
FCAW requires a continuousiy-fed consumable tubular electrode containing a flux
and a constant voltage or, less commonly, a constant clectric current welding power
supply. An externally supplied shielding gas is sometimes used, but often the flux
itself is relied upon to generate the necessary protection from the atmosphere, The
process is widely used in construction because of its high welding speed and

portability,

FCAW was first developed in the carly 1950°s as an alterative to shielded
metal arc welding . The advantage of FCAW vs, SMAW is that the use of stick
clectrodes (like those used in SMAW) was unnccessary. This helped FCAW o

overcome many of the restrictions associated with SMAW,

Flux Cored Arc Welding is frequently referred 10 as flux cored welding. Flux
cored welding is a commonly used high deposition rate welding process that adds the
bencfits of flux to the welding simplicity of MiG welding, As in MIG welding wire is
continuously fed from g spool. Flux cored welding is therefore referred 1o as a

semiautomatic welding process.

Self shielding flux cored are welding wires are available or gas shiclded
welding wires may be used. Fiyy cored welding s generally more lorgiving than
MIG welding. Less precleaning may be necessary than MIG welding. tHowever, the
condition of the base metal can alfect weld quality. Excessive contamination must be

eliminated,

Flux cored welding produces o tlux that inust be removed. Flux cored welding

has good weld appearance (smooth, unitorm welds having good contour).

2.2 TWO TYPES OF FCAW

The first type of FCAW is the tpe that requires no shrelding gas. This is made
possible by the flux core in the tubuiar consumable clectrode, However, this core

comains more than just flux: it also containg vanous ingredients that whei exposed to



the high temperatures of welding generate a shielding gas for protecting the arc. This
type of FCAW is preferable because it is portable and has excellent penetration into

the base metal. Also, the conditions of air flow do not need to be considered.

The second type of FCAW actaally uses a shielding gas that must be supplied
by an external suppiy. This type of FCAW was developed primarily for welding
steels. In fact, since it uscs both a flux cored electrode and an cxternaj shiclding gas,
one might say that it is g4 combination of gas metal (GMAW) and flux-cored arc
welding. This particular style of FCAW s preferable for welding thicker and out-of-
position metals. The slag created by the flux s also easier to remove. However, it
cannot be used in a windy environment as the loss of the shiciding gas from air flow

will produce visible porosity (small craters) on the surlace of the weld.
2.3 ADVANTAGES OF FCAW

*  All position capability.

*  Good quality weld meta) deposit,

* Higher deposition rates than SMAWY.

*  Low operator skill required.

*  Metallurgical benefits that can be gained from a flux.

* Noshiclding gas necded making it snitable for outdoor welding and/or windy

conditions,
2.4 APPLICATIONS OF FCAW

* Larth moving cquipment fabrication,

*  lLong and C-scam welding of boiler drum.

*  Structural fabrication of boilers.

e "ligh-specd” automotive applications.

* Tabrication of components ol chemical plant.

* Tabrication of components of tertilizer plant,

*  Fabrication of components of nuelear and steam power plant,

e labrication of components of food processing and petrochenicy| mdustrics.

12



2.5 DISADVANTAGES OF FCAW

All of the usual issucs that occur in welding can occur in FCAW such as
incomplete fusion between basc metals, slag inclusion (non-metallic inclusions), and

cracks in the welds, etc

* Porosity -- the gases (specifically those from the flux-core) don't escape the
welded area before the meta) hardens, leaving holes in the welded metal.

*  More costly filler material/wire as compared to GMAW,

+ Less suitable for applications that requirc painting, such as automotjve body

work.

2.6 FCAW PROCESS

GAS
(OPTIONAIL)
MOLTEN METAL
SOLIDIFTED
MOLTE N
STAG SLAG

A B s

FIGURE 2.1 FLUX CORED ARC WELDING

Somie of the important points of FCAW process are presented below,

L. Flux Core equipment used for flux-cored are welding s similar 1o that used for gas
metal arc welding which is shown in Figure 2.1, The basic arc welding equipment
consists of a power source, controls. wire feeder. welding gun. and welding cables, A

major difference between the gas shielded clectrodes and the selt-shielded electrades



is that the gas shiclded wires also require a gas shielding system. This may also have
an effect on the type of welding gun used. Fume extractors are often used with this
process. For machines and automatic welding, several items, such as seam followers

and motion devices, arc added to the basic cquipment as shown in Figure 2.2,

QOMTRC:
WIRE SYSTIN Jﬂmrmm:
FEED WIRE RET,
CONTROL 8) SHIFILTNG cag
5 O
s . °,
- ® o o
G T
CONTROY TR P

cas = Q)
WIRE F?:'I\
DRLVE MOTOR

=~ CCOTACIOR @] S
Pl CIRTHOL I e T T
WITH GAS »
oLE R
I b SURCE
Mﬁ%f ; ELSCTRODE: = ———F
- - VORK. LD LEA) 190 v suppLY

FIGURE 2.2 EQUIPMENT USED FOR SEMIAUTOMATIC
FLUX-CORED ARC WELDING

2. Flux Core power source, or welding machine, provides the electric power of the
proper voltage and amperage to maintain a welding arc. Most power sources operate
oit 230 or 460 volt input power. but machines that operate on 200 or 575 volt input are
also available. Power sources may operate on either single phase or three-phase input
with a frequency of 30 to 60 herlz, Most power souices uscd for flux-cored arc
welding have a duty cycle of 100 pereent. which indicates they can be used o weld
continuously, Some machines used for this process have duty cyeles of 60 pereent,
which means that they can be used to weld 6 of every 10 minutes. The power sources
generally recommended for {Tux-cored are welding are direct current constant voltage
type. Both rotating (generator) and static (single or three-phase transforimer-rectifiers)
are used. The same power sources used with gas metal arc welding are used with flux-
cored are welding. Flux-cored arce welding generally uses higher welding currents
than gas metal arc welding. which sometimes requires a larger power source. I s
mportant to use a power source that is capable of producing the maximum current

level required for an application.



3. Flux Core Flux-cored arc welding uses direct current. Direct current can be either
reverse or straight polarity. Flux-cored clectrode wires arc designed to operate on
cither DCEP or DCEN. The wires designed for use with an external gas shielding
system are gencrally designed for use with DCEP.Some self-shielding flux-cored ties
arc used with DCEP while others are developed for wse with DCEN. Electrode
positive current gives better penetration into the weld joint. Electrode negative current
gives lighter penctration and is used for welding thinner metal or metals where there
is poor fit-up. The weld created by DCEN is wider and shallower than the weld
produced by DCEP,

4. Flux Core generator welding machines used for this process can be powered by an
electric rotor for shop use, or by an internal combustion engine for field applications.
The gasoline or diesel engine-driven welding machines have either liquid or air-
cooled engines. Motor-driven generators produce a very stable arc, but are noisier,
mMore  expensive, consume more power, and require more maintenance  than

translormer-rectificr machines.,

5. A wire feed motor provides power for driving the electrode through the cable and
gun to the work. There are several different wire feeding systems available. FCAW.
Flux Core System selection depends upon the application. Most of the wire feed
systeins used for flux-cored arc welding ave the constant specd type, which are used
with constant voltage power sources. With a variable speed wire feeder, a voltage
sensing circuit is used to maintain the desired arc length by varving the wire feed
specd. Variations in the arc length increase or decrease the wire feed speed. A wire
feeder consists of an clectrical rotor connected to a gear box conlaining drive rolls.

The o

=

car box and wire feed motor have form teed rolls in the gear box.

6. Both air-cooled FCAW, Flux Core and water-cooled FCAW, Flux Core guns are
used for flux-cored are welding. Air-conled guns arc cooled primarily by (he
surrounding air, but a shiclding gas, when ysed. provides additional cooling effects

A water-cooled gun has ducts (0 permit water to circulate around the contact tube and
nozzle, Water-cooled guns permit more efficient cooling of the gun. Water-cooled
guns are recommended for use with welding curents greater than 600 amperes, and
are preferred for many applications using 300 amperes. Welding guns are rated at the

maximuim current capacity for continuous operation. Air-cooled gums are preferred for

I3



most applications less than 500 amperes, although water-cooled guns may also be

used. Air-cooled guns are lighter and easier to manipulate.
7. Flux Core Shiclding gas equipment and electrodcs.

a. [lux Core Shiclding gas equipment used for gas shielded flux-cored wires consists

of a gas supply hosc, a gas regulator, control valves, and supply hose to the welding

gun.

b. Flux Core shielding gases are supplied in liquid form when they are in storage
tanks with vaporizers, or in a gas form in high pressure cylinders. An exception to this
is carbon dioxide. When put in high pressurc cylinders, it exists in both liquid and gas

forms.

¢. The primary purposc of the FCAW, Flux Core shielding gas is to protect the arc
and weld puddle from contaminating cffects of the atmosphere. The nitrogen and
oxygen of the atmosphere, if allowed to come in contact with the molten weld metal,
cause porosity and brittleness. In flux-cored arc welding, shielding is accomplished by
the decomposition of the clectrode core or by a combination of this and surrounding
the arc with a shiclding gas suppiied from an external source. A shiclding gas
displaces air in the arc area. Welding is accomplished under a blankel of shielding
gas. Inert and active gases may both be used for flux-cored arc welding. Active gases
such as carbon dioxide, argon-oxygen mixture, and argon-carbon dioxide mixtures are
used for almost all applications. Carbon dioxide is the most common. The choice of
the proper shielding gas for a specific application is based on the type of metal o be
welded, are characteristics and metal transler, availability, cost of the gas, mechanical
property requirenrents, and penetration and weld bead shape. The varfous shiclding

gascs are summarized below,
i. Carbon dioxide.

Carbon dioxide is manufactured from fuel gases which are given off'by the buriing ol
natural gas, fuel oil. or coke. It is also obtained as a by-product of caicining operation
i lime Kilns, from the manufacturing of ammonia and fom the fermentation of

alcohol. which is almost 100 percent pure, Carbon dioxide is made available to (he

6



user in either cylinder or bulk containers. The cylinder is more common, With the
bulk system, carbon dioxide is usually drawn off as a liquid and heated to the £as state
before going to the welding torch, The bulk system is normally only used when
supplying a large number of welding stations. In the cylinder, the carbon dioxide is in
both a liquid and a vapor form with the liquid carbon dioxide occupying
approximately two thirds of the space in the cylinder. By weight, this is
approximately 90 percent of the content of the cylinder. Above the liquid, it exists as
avapor gas. As carbon dioxide is drawn from the cylinder, it is replaced with carbon
dioxide that vaporizes from the liquid in the cylinder and therefore the overall
pressure will be indicated by the pressure gauge. When the pressure in the cylinder
has dropped to 1379 kPa, the cylinder should be replaced with a new cylinder, A
positive pressure should always be left in the cylinder in order to prevent moisture and
other contaminants from backing up into the cylinder. The normal discharge rate of
the CO, cylinder is about 4.7 to 24 liters pet min. However, a maximum discharge
rate of 12 liters per min is recommended when welding using a single cylinder, As the
vapor pressure drops from the cylinder pressure to discharge pressure through the CO,
regulator, it absorbs a great deal of heat. If Mow rates are set too high, this absorption
of heat can lead to fieezing of the regulator and flowmeter which interrupts the
shiclding gas flow. When flow rate higher than 12 liters per min is required, normal
practice is to manifold two CQ, cylinders in paraliel or to place a heater between the
cylinder and gas regulator., pressure regulator, and flowmeter, Excessive Mow rates
can also result in drawing liquid from the cylinder. Carbon dioxide is the most widely
used shiclding gas for flux-cored arc welding. Most active gases cannot he used for
shiclding, but carbon dioxide provides scveral advantages for use in welding steel.
These are deep penciration and low cost. Carbon dioxide promotes a globular transfer.
The carbon dioxide shiclding gas breaks down into components such as carhon
monoxide and oxygen. Because carbon dioxide is an oxidizing gas, deoxidizing
clements arc added 10 the core of the clecirade wire to remove oxygen. The oxides
formed by the deoxidizing clements float to the surface of the weld and become part
ol the siag covering. Some of the carbon dioxide gas will break down to carbon and
oxygen. If the carbon content of the weld pool is below about 0.05 percent, carbon
dioxide shiclding will tend to increase the carbon content of the weld metal, Carbon.
which can reduce the corrosion resistance of some stainless steels. is a problem for

critical corrosion application. 1 xtia carbon can also reduce the toughness and ductility
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of some low alloy steels. If the carbon content in the weld metal is greater than about
0.10 percent, carbon dioxide shiclding will tend to reduce the carbon content. This
loss of carbon can be attributed to the formation of carbon monoxide, which can be
trapped in the weld as porosity deoxidizing clements in the flux core reducing the

cffects of carbon monoxide formation.

ii. Argon-carbon dioxide mixtures. Argon and carbon dioxide are somectimes mixed
for use with flux-cored arc welding. A high percentage of argon gas in the mixture
tends to promote a higher deposition efficiency due to the creation of less spatter. The
most commonly used gas mixture in flux-cored arc welding is a 75 percent argon-25
percent carbon dioxide mixture. The gas mixture produces a fine globular metal
transfer that approaches a spray. It also reduces the amount of oxidatjon that occurs,
compared to pure carbon dioxide. The weld deposited in an argon-carbon djoxide
shield gencrally has higher tensiic and yield strengths. Argon-carbon dioxide mixtures
arc often used for out-of-position welding, achieving better arc characteristics, These
mixtures arc often used on low alloy steels and stainless steels, Electrodes that are
designed for use with CO, Mmay cause an excessive buildup of manganese, silicon, and
other deoxidizing elements if they are used with shiclding gas mixturcs containing a
high percentage of argon. This will have an effect on the mechanicai propetties of the

weld,

fil. Argon-oxygen mixtures. Argon-oxygen mixtures containing 1 or 2 percent oxyeen
are used for some applications. Argon-oxygen mixtures tend to promote a spray
transler which reduces the amount of spatter produced. A major application of these
mixtares is the welding of stainless steel where carbon dioxide can cause COrrnsion

problems.

d. The electrodes used for flus-vored arc welding provide the filler metal to the weld
puddle and shiclding for the are. Shielding is required for sane clectrode types, The
purpose of the shielding was is to provide protection from the atmosphere 1o the are
and molten weld puddle. The chemicnl composition of the electrode wire and flux
core, in combination with the shiclding  gas, will determine the weld imetal
composition and mechanical propertics of the weld. The electrodes for flux-cored arc
welding consist ot & metal shield surrounding a core of uxing andéor alloving

compounds. The cores of carbon stee! and Jow alloy electrodes contain primarily
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fluxing compounds. Some of the low alloy steel electrode cores contain high amounts
of alloying compounds with a low flux content. Most low alloy steel electrodes
require gas shielding. The sheath comprises approximately 75 to 90 percent of the
weight of the electrode. Self-shielded electrodes contain more fluxing compounds
than gas shielded clectrodes. The compounds contained in the electrode perform
basically the samc functions as the coating of a covercd electrode used in shielded

metal arc welding. Thesc functions are:

* To form a slag coating that floats on the sucface of the weld metal and protects
it during solidification,

¢ To provide deoxidizers and scavengers which help purify and produce solid
weld-metal.

* To provide arc stabilizers which produce a smooth welding arc and kecp
spatier to a minimun.

* To add alloying elements to the weld metal which will increase the strength
and improve other propertics in the weld metal.

e lo provide shielding gas. Gas shiclded wircs require an external supply of

shiclding gas to supplement that produced by the core of the electrode.

e. The classification system used for tubular wire clectrodes was devised by the
American Welding Society. Carbon and low alloy steels are classilied on the basis of

the following items:

I. Mechanical properties of the weld metal.

I

- Welding position.

3. Chemical composition of the weld metal.

4. Type ol welding current,

3. Whether or not a CO» shiclding gas is used.

Anexample of a carbon steel electrode classitication is E707 -4 where:

. The "I indicates an electrode.
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2. The second digit or "7" indicates the minimum tensile strength in units of

69 MPa.

3. The third digit or "0" indicates the welding positions. A "0" indicates flat

and horizontal positions and a "1" indicates all positions.
4, The "T" stands for a tubular or flux cored wire classification.

3. The suffix "4" gives the performance and usability capabilitics as shown in
When a "G" classification is used, no specific performance and usability
requirements are indicated. This classification is intended for electrodes not
covered by another classification. The chemical composition requirements of
the deposited weld metal for carbon steel electrodes Single pass electrodes do
not have chemical composition requircments because checking the chemistry
of undiluted weld metal does not give the true results of normal single pass

weld chemistry.

The classification of Tow alloy steel electrodes is similar to the classification of carhon

steel electrodes. An example of a low alloy steel classitication is 1°8$17T1-NI2 wheye:
1. The "I:" indicates electrode,

2. The second digit or "8" indicates the minimum tensile in strength in units of

09 MPa. In this case it is 552 MPa.

3. The third digit or "1" indicates the welding position capabilitics of (he
electirode. A "1™ indicates all positions and an "0 flat and horizontal position

onlv.

4. The “T" indicates a wbular or flux-cored clectrode used in flux cored are

welding,

5. The fifth digit or "1" deseribes the usability and performance characteristics
of the electrode. These digits are the same ag uscd in carbon steel clectrode
classification but only FXXT1-X. EXXT4-X. LXXT3-X and EXXT8-X are

used with Jow ailoy steel flux-cored electrode classifications.
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0. The suffix or "Ni," tells the chemical composition of the deposited weld

metal

The classification system for stainless steel electrades is based on the chemical
composition of the weld metal and the type of shielding to be employed during

welding. An example of a stainless steel clectrode classification is E308T-1 where:
I. The "E" indicates the clectrode,

2. The digits between the "E" and the "T" indicates the chemical composition

of the weld..

3. The "T" designates a tubular or flux cored clectrode wire,

4. The suffix of "1" indicates the type of shielding to be used
8. Welding Cables.

a. The welding cables and connectors are used to connect the power source to the
welding gun and to the work. These cables are normally made of copper. The cable
consists of hundreds of wires that arc enclosed in an msulated casing of natural or
synthetic rubber. The cable that conncets the power source to the welding gun s
cailed the clectrode lead, In semiautomatic welding, this cable is often part of the
cable assembly, which also includes the shielding gas hosc and the conduit that the
clectrode wire is fed through. For machine or automatic welding., the clectrode lead is
normally scparate. The cable that connects the work Lo the power source is called the
work lead. The work leads are usually connected to the work by pinchers. clamps. or a

bolt,

b. The size of the welding cables used depends on the output capacity of the welding
machine, the duty evele of the machine, and the distance between the welding
machine and the work. Cable sives range from the smallest AWG, No 8 10 AW, No
0 with amperage ratings of 73 ainperes on up.. A cable that is too small may become

too hot during welding.
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¢. Advaatages. The major advantages of flux-cored welding are reduced cost and
higher deposition rates than either SMAW or solid wirc GMAW. The cost is less for
Alux-cored electrodes because the alloying agents are in the flux, not in the stee! filler
wire as they arc with solid electrodes. Flux-cored welding is idcal where bead
appearance is important and no machining of the weld is required. Flux-cored welding
without carbon dioxide shielding can be used for most mild steel construction
applications. The resulting welds have higher strength but less ductility than those for
which carbon dioxide shiclding is used. There is less porosity and greater penetration
of the weld with carbon dioxide shielding. The flux-cored process has increased
tolerances for scale and dirt, There is less weld spatter than with solid-wire MIG
welding. it has a high deposition rate, and faster travel speeds are often used. Using
small diameter electrode wires, welding can be done in all positions. Some flux-cored
wires do not need an external supply of shiclding gas, which simplifies the equipment,
The electrode wire is fed continuously so there is very little time spent on changing
electrodes. A higher percentage of the filler metal is deposited when compared to
shicld metal arc welding. Finally, better penctration is obtained than trom shiclded

metal ar¢ welding,

d. Disadvantages. Most low-alloy or mild-stecl electrodes of the flux-cored type are
more sensitive o changes in welding conditions than are SMAW clectrades. This
sensitivity, called voltage tolerance, can be decreased if a shiclding gas is used, or i
the slag-forming compenents of the core material are ncreased. A constant-potential
power source and constant-speed clectrode feeder is necded to maintain a constant are

voltage.

¢. Process Principles. The flux-cored welding wire. or clectrode, is a hollow tube
lilled with a mixture of deoxidizers. fluxing agents. metal powders. and ferco-alloys.
the closure seam. which appears as a {ine linc. is the only visible difference between
flux-cored wires and solid cold-drawn wire. Flux-cored clectrode welding can be done
i tvo ways: carbon dioxide gas can be used with the Muy 1o provide additional
shielding. or the flux core alone can provide all the shiclding gas and slagging
materials. The carbon dioxide gas shicld produces a deeply penetrating are and
usually provides better weld than is possible without an external gas shield. Although

Mux-cored are welding mav he applicd  semi automatically, by machine. or
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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. T'lux-cored arc welding is also used in machine welding where, in
addition to feeding the wirc 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 applications.
2.7 PROCESS VARIABLES

»  Wire feed speed (and current)

« Arc voltage

+ Electrode extension

o lravel speed

e Electrode angles

» Blectrode wire (ype

+  Shiclding gas composition (il required) Note: FCAW wircs that don't require a
shiciding gas commonly emit fumes that are extremely toxic: these require
adequate ventilation or the use of 4 scaled mask that will provide the welder

with fresh air.

2.7.1 Welding Current

All the welding parameters bead width, depth of penetration. height of
reinforcement and percentage dilution increase with jnerease in welding current. This
is due to the increase in welding current density and the weight of wire fused per unit
of time. Also with increase in welding cwrrent the are becomes stiffer and hotter

which penetrates more deeply and melting more base metal.

2.7.2 Welding Speed

ILis obvious thal the welding parameters height of reinforcement and head

width deercase with increase in welding speed but depth of penetration and



percentage dilution increases with increase in welding speed. Decrease in R and W
can be obviously attributed to the reduced heat input per unit length of weld bead as
welding spced is increased and lesser filler metal is applied per unit length of the
weld. The percentage dilution of the base metal in the pool increases with the increase
in welding speed, since the weight of the deposited metal per unit of length decreases
with the cross section of the bead decreases very little, With low welding speed the
arc is almost vertical and in this instance the weld pool cushions the effect of arc and

prevents deeper penetration.

2,7.3 Nozzle-To-Plate Distance

It is obvious that depth of penctration and percentage dilution decrease
slightly with increase in nozzle-to-plate distance but bead width and height of
reinforcement increases with increase in nozzle-to-plate distance. Increase in nozzle-
lo-plate distance increases the circuit resistance, which reduces the welding current.
The decrease of welding current reduces the penctration of the arc and hence reduces
the dilution. With increasc in nozzle-to-plate distance the arc length is increased and
hence the bead width is increased due to wider arc arca at the weld surface and this
conscquently increases the rcinforcement height because the same volume of filler

mctal is added.

2.7.4 Torch Angle

Height of reinforcement. depth of penctration and percentage dilution decrease
with increase i welding torch angle but bead width increases with increase in
welding torch angle. The reason is when the toreh angle is increased in forchand
welding the are force pushes the weld meral forward, ie. towards the cold metal.
which veduces the penetration, reinforcement and percentage dilution but width of the

weld increases.

The term welding gun angle refers 1o the angle between the FOA W aun and
the work as it relates to the direction of travel. Backhand welding are dragging angle

produces a weld with deep penetration and higher buildups, Forehand welding

produces a weld width shailow penetration and fittle buildups.
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Slight changes in gun angle can be used to control the yield as the grooves
spacing changes. The narrow gaps may require more penetration, but as the gap
spacing increases a yield with less penetration may be required. Changing the
clectrode extension and yiclding gun angle at the same time can result in a quality

weld spacing made with less than ideal conditions.

2.8 NEED FOR FCAW OPTIMIZATION

several works had been done for optimizing welding parameters using
conventional technique. The conventional technique employed for optimization
involves more computational effort and lot of time. In this project work, new
approachcs in non traditional optimization techniques named ‘Particle swarm
optimization” and *Ant colony optimization ‘has been uscd. The results produced by
these two  optimization  tcchiviques  were  superior, when  compared to  olher
conventional techniques, And morc over the tinie (o perform the above analysis is less

compuared to other techniques.
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CHAPTER 3

LITERATURE SURVEY



3.1 INTRODUCTION

Literature survey is a background work that is made for the project work. It is
based on books and academic publications. The topics of literature SUrvcys are
selected so that they support the project. The main goal of a literature survey is to
gather a basis for the practical work. It is not smart to re-invent the wheel, i.c., onc has

to know what has alrcady been done

3.1. LITERATURE SURVEY WITH CRITICAL COMMENTS

Raveendra and Parmar (1987) presented mathematical maodels developed for
predicting the weld bead geomctry and shape relations for COy; shielded flux cored are
welding which can be used not only for automated systems but also equal ly
etfectively for semi automatic welding. A fractional factorial technique was used 1o
design the experiments. Regression analysis was used (o develop the mathematical
models and the variance method was used (o test the adequacies of the models. The
experiments were designed with a view to developing mathematical models to

correlate independently controllable welding parameters.

The first ACO system was introduced by Marco Dorigo in his Ph.D. thesis
(1992), and was called Ant System (AS). AS s the result of a research on
computational intelligence approaches to combinatorial oplimization that Dorigo
conducted at Politcenico di Milano i collaboration with Alberto Colomi and
Vittorio Maniczzo. AS was initially applicd to the travelling salesman probiem, and

to the quadratic assignment problem .

Kennedy and  Eberhart (1993) introduced a method for optimization of
nonlinear functions, [t also cxplained that particle swarm optimization concept in
terms of its precursors, brietly reviewing the stages of its development from social
simulation o optimizer. Benchmark lesting of the paradigm is described. and
applications. including nonlincar function optimization and neural network training,

are proposed. Particle swarm optimization as develo see by authors comprises a very
h | !



simple concept, and paradigms can be implemented in a few lines of computer code.
It requires only primitive mathematical operators, and is computationally inexpensive
in terms of both memory requirements and speed. The author discussed the
application of the algorithm to the training of artificial ncural network weights, The
adjustment toward pbest and gbest by the particle swarm optimizer is conceptually

stmilar to the crossover eperation utilized by genetic algorithms.

Since 1995 Dorigo, Gambardeila and Stiitzle have been working on various
extended versions of the AS paradigm. Dorigo and Gambardella have proposed Ant
Colony System (ACS), while Stiitzle and IHoos have proposed MAX-MIN Ant
System (MMAS). They have both have been applicd to the symmetric and
asymmetric  travelling salesman  problem, with excellent results. Darigo,
Gambardella and Stiitzle have also proposed new hybrid versions of ant colony
optimization with local scarch. In problems like the quadratic assignment problem
and the sequential ordering problem these ACO algorithms outperform all known

algorithms on vast classes of benchmark problems.

Pherson (1997) demonstrated that the Taguchi methods can be used in the
welding process to aftect improved levels of technology and advance the state of the
arl. The author concluded that optimization of welding paramcters using ‘Taguchi

mcethods produced good resulis.

Gunaraj and Murugan (1998) studicd the effcet of controllable process
variables on the heat input and the area of the heat -—affected zone (HAZ) for bead-
on-plate and bead-on-joint welding was calculated and analyzed using mathematical
models developed for the submerged are welding of pipes. ‘The final mathematical
models furnished can be employed to predict the arca of the heat-aftected zone of the
weld bead for the range of parameters used in the investigalion by substituting their
respective values in coded form.

Shivand Eberhari. (1998) analyzed the mpact of the inertia weight and
maximum velocity on the performance of the particle swarm optimizer, and then
provide guidelines for selecting these two parameters. A mumber of experiments had

done with different inertia weights and different values of maximum veloeily. It was
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concluded that when V,, is small (<2) an inertia weight of approximately W= 1 is a
good choice, while when V.. is not small (=3) an inertia weight of W=0.8 is a good
choice. The selection of inertia parameter and maximum velocity allowed may be

problem dependent.

Shunmugam et al. (1999) considered a face milling operation for optimization.
The machining parameters such as number of passes, depth of cut, speed and feed are
obtained using a genetic algorithm, to yield minimum total production cost while
considering technological constraints such as allowable speed and feed, dimensional
accuracy, surface finish, tool wear and machine tool capabilities. The method
proposed in the present work based on the genetic algorithm always yields production
cost values less than or equal to the values obtained by other methods. The author
described the application of Genetic Algorithin GA in face-milling to determine the
optimal parameters such as speed, feed and depth of cut in cach pass. The proposed

method yiclded a minimum total production cost compare to conventional techniques.

Ant Colony Optimization (ACO) studics artificial systems that take inspiration
from the behavior of real ant colonics and which are used to solve discrete
optimization problems. In 1999, the Ant Colony Optimization metaheuristic was

defined by Dorigo, Di Caro and Gambardeila

Tusck (2001) described the procedwre to elaborate mathematical models for
basic welding parameters (current and welding velocity), and incorporate them into an

algorithm for manual and robotic T1G welding of austenttic stainless sieel sheet.

Murthy ¢t al. (2002) described a procedure to caleulate the machining
conditions namely number of passcs. depth of cut in cach pass, lced and speed for
facc milling operation by considering minimum production cost as the objective
fuinction. Optimum values of machining conditions for cach pass are determined
based on the objective lunction criteria by particle swarm optimization technique,
which was specilically developed for this purpose. These optimum values were
oblained by considering technological constraints such as allowable speed and feed,
dimensional accuracy of the product, surface finish ot the product, ool wear and

machine wol capabilitics, The proposed approach can be casilyv modificd for other
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machining operations like turning, grinding, welding.

Eswin (2002) described how to improve the performance of the fuzzy
reasoning model through fitting fuzzy membership functions using particle swarm
optimization algorithm and Genetic algorithm. The paper discussed the use of fuzzy
on particle swarm optimization and genetic algorithins with a case study. The author
finally concluded that the implementation of PSO is easier than GA training, because

the needs of communication between the particles {agents) after cach ijteration.

Xie ct al. (2002) introduced a new technique called adaptive SO, which
automatically tracks various changes in a dynamic system. As a evolutionary
algorithm, particle swarm optimization had been successfully applied to many
applications. In this paper the author focused on the locations varying in the problem
space where the optimum value occurs and analyzed the performance on the bench
mark functions with various scverities. Both standard and dissipative versions were
compared on two multimode optimization problems Lypically used in evolutionary

oplintization rescarch,

Carlisle (2002) proposed a method for adapting the particle swarm optimizer
for dynamic cnvironments. Two methods for initiating this process were examined
periodic setting, based on the iteration count, and triggered reseiling, based on the
magnitude of the change in environment, The results suggested that these two
modifcations allow PSO to search in both static and dynainic environments. The
author concluded that it is nccessary to cvaluate the effect of the changing

environment on the choice of the inertia parameter.

Trelea (2003) analyzed the DParticle swaom opthmization algorithm using
standard results trom the dynramic svstem theory. the described PSO algorithm
includes some tuning paramcters that greatly influence the algorithm performance.
often stated as the exploration-exploitation tradeolT, The dynamic behavior and the
convergence ol the simplificd PSO algorithm were analyzed using tools from the
discrete-time dynamic system theory. Best results were usually oblained with a
medium number of particles. The trade ofl betw cen exploration-exploitation s

discussed.



Dorigo and Stiitzle, (2004) presented a full overview of the matty successful
applications of Ant Colony Optimization in their recent book "Ant Colony

Optimization"

Murugan and Palani (2004) proposed the genetic algorithm to find the
optimum values of input process paramcters for cladding operation. In cladding, the
most important aspect is the dilution of the base metal by the weld metal which has to
be controlled effectively within the optimum range for better economy and (o ensure
the desired mechanical and corrosion resistant properties of the ovetlay. Development
of mathematical equations by using four factor five lcvel factorial techniques to
predict weld bead geometry is presented. The proposed method can find the near-
optimal setting of the welding process parameters to achieve economy of material in

cladding.

Mistry and Pandey (2005) highlighted the prediction. of weld dilution through
advanced gas metal arc welding. Dilution is the most important factors governing the
success of any surfacing operation and is expressed in percentage. The paper reports
mathematical medel developed using fractional factorial technique to predict the
dilution by Advanced GMAW process. The response factor dilution as affected by
Wire leed rate. Arc voltage, Nozzle to plate distance, and welding speed was

investigated and analyzed.

Kannan and Murugan(2006) developed mathematical models to predict the
clad quality paramcters in duplex stainless steel cladding. The author deseribed the
procedure w develop the models using Response surtace methodology (RSM). This
work highlighted the use of RSM by designing a four-factor five-level central
composite rolatable design matrix with tull replication of planning. conduction.
exceution and development of mathematical models, These are useful not only for
predicting the weld bead quality but also for sclecting optimunm process parameters

for achieving the desired quality and process optimization.

Kim et al. Presented new algorithms io establish mathematical models Tor



predicting bead width for multi-pass welding by both neural nctwork and multiple
regresston methods. The models were based on relationships between process
parameters and bead width, and can be used to predict the effect of process
parameters on bead width. Using GMA welding, multi-pass butt welds were carried
out in order to verify the performance of the neural network estimator and multiple

regression methods as well as to select the most suitable model.

Parsopolous proposed a new technique, named function “stretehing™ for the
alicviation of the local minima problem. The main feature of this technique is the
usage of a two-stage transformation of the objective lunction to climinate local
minima, while preserving the global ones. txperiments indicate that combined with
the particle swarm optimizer methed, the new algorithm is capable of cscaping fiom
local minima and respectively local the globat ones. This modified algorithm bhchaves

predictably and reliably and the results were quite satisfactory.

Rylander Presented a method to employ particle swarm optimization in a split
architecture injected with a plain attracted configuration. The author described the
resulls of experimental attempts o improve the performance of the basic PSO by
splitting the input vectors into two sub-vectors, The Key advantage of PSO over other

optimization algorithms in training neural networks is its comparative simplicity,



CHAPTER 4

DATA COLLECTION



4.1 EXPERIMENTAL DATA

The data used for optimizing FCAW process parameters were
collected from the research paper titled “Effect of Flux Cored Arc Welding Process
Parameters on Duplex Stainless Steel Clad Quality” published in the Journal of
Materials Processing Technology 176 (2006) Page.No:230-239 by T.Kannan and

N.Murugan. The experimental data are given in the Table 4.1 and Table 4.2

4.2 CLADDING PROCESSES

In metallurgy, cladding is the bonding together of dissimilar metals. It
is distinct from welding or gluing as a method to fasten the metals together. Cladding
is often achieved by extruding two metals through a dic or pressing sheets together
under high pressure

Various welding processes employed for cladding are Flux-Cored Arc
Welding, Gas Metal Arc Welding, Plasma Arc Welding , Gas Tungsten Arc
Welding, Submerged Arc Welding ,Shiclded Metal Arc Welding .clectroslag welding
. oxy acetylenc welding and explosive welding. Among the processes cmployed for
weld cladding FCAW is readily accepted by the industries due to the following

features

I1igh deposition rates, especially for out-of-position welding
*  More tolerant of rust and mill scale than GMA W

e Simpler and more adaptable than SAW

¢ lLess operator skill required than GMA W

o [ligh productivity than SMAW

e (ood surface appearance

o Good radiographic standard quality

o Minmimum clectrode wastage



TABLE 4.1 WELDING PARAMETERS AND THEIR LEVELS

LIMITS ]
PARAMETERS UNITS | NOTATION | -2 -1 0 _ +1 +2
Welding Current A ] 200 2251250 275 | 300
Welding Specd cm/min S 20 30 | 40 50 60
Nozzle-To-Plate mm N 22 24 126 28 30
Distance L L
Torch Angle deg T 20 15 |10 5 0

Design matrix and observed values of ¢clad quality parameters in natural form
are shown in Table 4.2.

oy
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TABLE 4.2 DESIGN MATRIX AND OBSERVED VALUES OF

CLAD QUALITY PARAMETERS

Design matrix

S.No. 3 W{mm) | P(mm} | R(mm) | D (%)
I 30 24 15[ 29.05 0.61 497 07386
2 30 24 15| 36.62 0.73 500 1210
3 50 24 15 2420 0.63 423 1135
4 50 24 15 28.00 0.77 427 11.98
5 30 28 15| 30.00 0.57 500 06.54
6 30 28 15| 34.98 0.67 529 08.82
7 50 28 15| 2559 0.58 418 0969
8 50 28 15 2951 0.70 420 1116
9 30 24 05| 2834 0.73 5001 08.97
10 30 24 05 34.50 0.97 500 1375
1 50 24 05| 24.00 1.00 400 | 18.52
12 50 24 05| 27.80 120 434 2058
13 30 28 05| 2926 0.60 508 07.46
14 30 28 05| 34.80 0.80 5280 09.14
15 50 28 05 [ 25.30 0.97 4007 18.00
16 50 28 0s | 27.70 1.00 4201 14.80
17 40 26 1] 2015 0.40 3.98 | 05.86
18 40 26 0] 31.00 1.07 4901 16.48
19 20 26 10| 3953 0.70 568 05.31

20 60 26 0] 23.10 1.00 363 1735
21 40 22 10| 2510 0.83 43217 1171
22 40 30 0] 28.00 0.63 481 09.01
23 40 26 20 30.20 0.56 117 10,54
24 40 26 01 26.00 0.87 487 13.98
25 250 40 26 10| 27.88 0.70 4551033
26 250 40 26 10| 2942 083 434 13.60
27 250 40 26 100 2800 077 Aso| 1073
28 250 40 26 10 27.90 0.87 450 1171
29 250 10 26 o] 2920 0.83 4321 1376
30 250 40 26 10| 27.80 0.79 4581 10.99
3] 250 10 26 101 27.80 0.80 437

IO.(}’?J




The experiments were designed with a view to developing mathematical
models to correlate independently controllable welding parameters iLe., welding
current, Welding speed, nozzle to plate distance, and torch angle to clad quality
parameters ie., Bead Width, Depth of Penetration, Height of Reinforcement and

Percentage Dilution

The selected design matrix shown in Table 4.2 is 4 central composite rotatable
tactorial design consisting of 31 sets of natural conditions, It comprises of a fuil
replication of 27 (=16) factorial design plus seven center points and eight star points.
All welding variables at the intcrmediate level constitute the center peints and the
combinations of each of the welding variables at either its lowest leve] or highest level
with the other three variables at the intermediate levels constitute the star points, Thus
the experimental runs allowed the estimation of the linear, quadratic and two-way

interactive effects of the process parameters on the clad geometry.

4.4 DEVELOPMENT OF MATHEMATICAL MODELS

Representing the clad quality parameters, the response function can be

expressed as given in cquation 4.1
Y-f{LS.N, T) 4.1)

Different models were considered but giving the preference o the
simplest. the relationship selected being a second degree response surface. expircssed

as i equation 4.2,

YoPot Bl = BaSTB N T By 15 Bon ST By N2 - Bus 15 B2 IS+ B3 IN
 Bia I By SN T iy ST+ By NT (4.2)

Lising the above equation the mathematical models for ¢lad paramceters
arc obtained as in equation <3 for Bead Width, equation 4.4 for Depth of Penetration.

cquation 4.4 for Height of Reinforcement. equation <16 for Pereentage Dilution,



Weld Bead Width Model

W=27.775+2.4941-3.2448+0.41 5N -0.610T-0.303 12 +1.066S°+ 0.31 62
-0.61618

Depth of Penetration Model

P=0.764+0.1041 +0.074S-0.048N- 0.1 10T-+0.021S%+0.06 1S T
Height of Reinforcement Model

R=4.53510.128 I-0.475 S+0.054N+0.052T+0.0535%-0.0528N
Percentage Dilution Model

D=11.702+1.4661+2.73S-1.037N+1.608T-0.75118-0.593IN+| A828T

(4.3)

(4.4)

(4.5)

(4.6)



CHAPTER 5

PARTICLE SWARM OPTIMIZATION



S.IINTRODUCTION

Particle swarm optimization is an evolutionary computation technique
developed by Eberhart et al. (1995). The underlying motivation for the development
of PSO algorithm was social behavior of animals such as bird flocking, fish
schooling, and swarm theory. Similar to Genetic algorithms , PSO is a population
bascd optimization tool, both have fitness values to evaluate the population, both
update the population and search for the optimum with random techniques, both
systems do not guarantee success. However, unlike GA, PSO has no evolution
opcrators such as crossover and mutation, In PSO, particles update themselves with
the internal velocity. They also have memory, which is important to the algorithm,
And the potential solutions, called patticles. arc *Mlown through the problem space by

following the current optimum particles.

Compared to GA, the information sharing mechanism in PSO is stgnificantly
different. In GA’s chromosomes share information with cach other. So the whole
population moves like a group towards an optimal area. In PSO, only Gbest gives out
the information to others. It is a one-way information sharing mechanism. The
evolution only looks for the best solution, Compared with GA, all the particles tend to
converge to the best solution quickly even in the local version in most cascs. The
advantages of PSQ are that PSO is casy to impleiment and there are few parameters (o
adjust. PSO has been successfully applied in many arcas, such as function

optimization. artificial neural network training. and fuzzy system,

)



52 BACKGROUND

The background for the development of PSO algorithm was social behavior of

animals such as bird flocking, fish schooling and swarm theory.

5.2.1 Artificial life

The term “Autificial Life” (ALifc) is used to describe research into human-
made systems that possess some of the essential properties of life. Alife includes two-
folded.

I. Alife studies how computational techniques can help when  studying
biological phenomena.
2. ALife studies how biological techniques can help out with computational

problems.

5.2.2 Biological system

There are already lols of computational techniques inspired by biological
systems. For example, artificial ncural network is a simplified model ot human brain:

genetic algorithm is inspired by the human evolution.

Here is another type of biological system - social system. more specifically. the
cotlective behaviors of simple individuals interacting with theiv environment and each

other, It is named as swarm intelligence,

There arc two popular swarm inspived methods in- compulational intelligence
arcas. Ant colony optimization and particle swarm optimization {PSOY. AGO was
inspired by ihe behaviors of ants and has many successiul applications in discrete

oplimization problems.



5.4 GENERAL PROCEDURE

The fundament to the devetopment of PSO is a hypothesis that social sharing
of information among conspeciates offers an cvolutionary advantage. PSO s
initialized with a group of random particles (solutions) by Yuhui Shi et al, (1998).
However, each potential solution is also assigned a randomized velocity, and the
potential solutions, call particles, corresponding to individuals. A sct of moving
particles is initially “thrown™ insidc the search space. Each particle has the following

featurcs:

# It has a position and a velocity
# It knows its position, and the objective function value for this position
» It remembers its best previous position

# It knows its neighbors, best previous position and objective function value

At gach time step, the behavior of a given particle is a compromise between

three possible choices:

. To follow its own way
2. To go towands its best previous position

3. To go towards the best ncighbor’s best previous position

Two variants of the PSO algorithm were developed. One with a global
neighborhood and one with a local neighborhood. According to the global variant,
cach particle moves towards its best previous position and towards the best particle in
the whole swarm. On the other hand, according to the local variant, cach particle
moves towards its best previous position and towards the best particle in its restricted

neighborhood.

After finding the two Global best values. changing the velocity and location of
cach particle toward its Pbest [] and Gbest [| locations according to the below
cauations 5.3 and 3.4
V=V PHrand ()™ (Pbest []-present[ T3 +C 2% rand (Y* (Gbest[ ]-present] ) (3.3)

Present [] = Present [] - v [] (5.4)



Where,

V (| s the particle velocity,

Present [] is the current particle (solution),

Pbest [] is the particle best,

Ghbest [] is the global hest.

Present []: The location of the i™ particle is represented as Prescnt []

Pbest []: The best previous position of the iV particle is recorded and represented as
Phest []

Gbest []: The index of the best particle among all the particles in the population is
represented by Ghest [ |

V |]: The velocity for the i particle is represented as V ]
3 p [

The two social/cognitive coefficients C1. C2, respectively quantify:

e how much the particle trusts itself now
e how much it trusts its experience

o how much it trusts its ncighbors
5.5 P’SOPARAMETERS

There arc not many parameter need to be tuned in PSQ. 1ere is a list of

the parameters and their typical values by Shi et al. (1998).

3.51  Number of particles: The typical range is 20 - 40. Actually for most of the
problems, 10 particles are large enough to get good results. For some difficult or

special problems. one can use 100 or 200 particles as well,
5.5.2  Dimension of particles: It is determined by the problem to be optimized.

3353 Range of particles: Itis also determined by the problem to be optimized., one

can specify ditferent vanges for dilferent dimension of particles.

354 Learning factors: C1, C2 and are usually taken as 2. But in general. C1. €2

cquals to and ranges from [0. 2|.



in

0.

Stopping criterion: PSO cxecution for specified maximum number of

iterations. This condition depends on the problem to be optimized.

ALGORITHM
[nitialization of cach particle.

Caleulation of fitness value for each particie .If the fitness valuc is better than

the best fitness value (Pbest) in history .Set current value as the new Phest.

Choosing the particie with the best fitness value of all the particles as the

(Gbest.

For cach particle, calculation of particle velocity according to equation (5.3) is

done. Updating the particle position according to equation (5.4).

Particle velocities on cach dimension are clamped to a maximum velocity
Vinax. 1f the sum of accelerations would cause the velocily on that dimension
to exceed Vi, which is a parameter specilied by the uscr, then the velocity on

that dimension is limited to V..

Termination criteria are maximum number of iterations or minimum error

conditions,

A5



Initialize population random
position (X} and velocity (V)
vectors

l

' For each agent -

Evaluate fitness
Next agent
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If fitness {X)=titness
(gbest) Update

Ghest=X position
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It fithess (X)=Titness

{phest
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Gbest - parameters of
Rest fitness value

FIGURE 5.1 FLOW CHART FOR PSO
ALGORITIIM
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5.7 OPTIMIZATION OF FCAW PROCESS USING PSO

No of particles: In this study, 5 particles are considered.

Dimension of particles: it is equal to the number of input parameters (i.e.,) 4

Representation of a particle:

The particle for this problem is represented as follows
[=250.00 A
§=20.00 m/min
N=26.00 mm
T=10.00 deg

Estimating the Responses:

By substituting the above input values in the developed mathematical models we can

obtain the responses as follows

P 0.695 mm
W= 38.527 mm
R= 5.697 mm
D= 6242 %

Target values

Maximum wnd minimum target values ot clad quality parameters required are
Pun 040mm
Duin-— 8 %
R e = 3.08 mm

Wi = 3933 mm



5.8 INITIAL SOLUTION

3.8.1 Percentage Dilution

[nitial solution generated randomly for all § particles for minimizing the percentage

dilution is shown below in th

e Table 5.1

TABLE 5.1: INITIAL SOLUTION FOR PERCENTAGE
DILUTION USING PSO

srq) I ! S N T ! D
O (A) (mm/min) (mm) (deg) (%)

l 222.19 20.03 23.02 541 2274153

2 250.00 20.00 26.00 10.00 6.242000

3 287.60 22.18 26.18 4.33 9.709846

4 287.60 2218 26.18 433 9.709846

5 291.50 | 55.70 24.05 15.26 | 14.285721

5.8.2 Depth of Penetration

Initial solution generated randomly for all 5 particles for minimizing the depth of

penctration is shown below i

TABLE

1the Table 5.2

PENETRATION USING PSO

[ - I I—
’ A
200.01
| I 269.39
| 3 i 211.89
' 4 ‘ 24&50
: 5 281,10

34.58
44,31

29"1

2? (]'\

i 2:4.90

N —r
_tmm) - (deg)
28.90 8.48
|
o6 03
22 f)w_ - IE
- -_]O.E.

2?.7‘)

_ (mm)

O —

3.2: INITTAL SOLUTION FOR DEPTH OF

P

0.475679

U 67 1708

0.625140 | |

0.815116

0.785674 i




5.8.3 Weld Bead Width

Initial selution generated randomly for all 5 particles for maximizing the weld bead

width is shown below in the Table 5.3

TABLE 5.3: INITIAL SOLUTION FOR WELD BEAD WIDTH

USING PSO
SNO _ (/E\) (mm?min) (n:]n) gdég) @
1 27439 28.45 29.57 11.51 36.737625
2 0900 | 2620 | 2599 1 ase | ag3sssis |
| 3 205.10 32.75 28.20 1.67 N .-24‘?4424?
| 4 2:’%9’69 30.60 24.73 10.43 30.240055—
5 247.50 57.66 28.42*;". | ...4.60 2:;.451427

5.8.4 Height of Reinforcement

Initial solution generated randomly for all 3 particles for maximizing

the height of reinforcement is shown below in the Table 5.4

TABLE 5.4: INTTTAL SOLUTION FOR HEIGHT OF
REINFORCEMENT USING PSO

S.No (gl\) ; (mm?min) (n:\ltn)___ ______ﬂ_(l.‘__g) _(n::\n) B
| ‘ 235.80 . 35.58 9375 L 70 4.682313
2 2900 | 4529 2823 | 106 | 162346
R i6.34 L 2850 | 1402 4213035
i 279.70 a8 | 2502 | 152 | 4427376 i
5 201030 4850 2366 | 536 ]{](nggl ‘
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CHAPTER 6

ANT COLONY OPTIMISATION



6.1 INTRODUCTION

Ant colony optimization is a kind of non traditional optimization technique
in which the main idea underlying is that of a parallelizing scarch over scveral
constructive computational threads, all based on a dynamic memory structure
incorporating information on the effectiveness of previously obtained results and in
which the behaviour of each single agent is inspired by the behaviour of real ants.
Rescarchers arc also fascinated by seeing the ability of the almost blind ants to
cstablish the shortest route from their nests to the food source and back. These ants
secrctc a substance called “pheromone™ and usc its trials as a medium for
communicating information among each other .the probability of the trial being
followed by other ants is reinforced by increased trial deposition of others following

this trial.

This cooperative scarch behaviour of real ants inspired the now computational
paradigm for optimizing real life systems and it is suited for solving large scale
optimization problem. ACO has also been applicd to other optimization problems like
the quadratic assignment problem. More recently, a modified ACO was presented as
an cffective global optimization procedure by introducing bi-level search procedurc
called local and global search. The important aspect in ACO is that the artificial ants
scleet the solution, They move with the seleetion probability proportional to the

pheromone trial,

6.2 BACKGROUND

6.2.1 OVERVIEW O ACO

In the rcal world. ants (initially) wander randomly, and upoin finding foud
return to Ltheir colony while laying down pheromonc trails. I other ants find such a
path, they are likely not Lo keep travelling at random. but to instead follow the trail.

returning and reinforcing it il they eventually find food

Over time, however. the pheromone trail starls to cvaporate, thus reducing
tts attractive strength. The move time it takes for an ant to travel down the path and

back again. the more time the pheromones have (o evaporate. A shorl path, by

51



comparison, gets marched over faster, and thus the pheromone density remains high
as it is laid on the path as fast as it can evaporate. Pheromone evaporation has also
the advantage of avoiding the convergence to a locally optimal solution. If there
were no evaporation at all, the paths chosen by the first ants would tend to be
excessively altractive to the following ones. [n that case, the exploration of the

soluticn space would be constrained.

Thus, when one ant finds a good (short, in other words) path from the colony
to a food source, other ants arc more likely to follow that path, and positive
feedback eventually Icaves all the ants following a single path as shown in Figure
6.1. The idea of the ant colony algorithm is to mimic this behavior with "simulated

ants" walking around the graph representing the problem to solve.

Ant colony optimization algorithims have been used to produce near-optimal
solutions to the travelling salesman problem. They have an advantage over
simulated annealing and genetic algorithm approaches when the graph may change
dynamically; the ant colony algorithm can be run continuously and adapt to changes

in real time, This is ol intercst in network routing and urban transpartation systems.

Towrernilliere

N\

FIGURE 6.1 ANT COLONY MOVEMENT TOWARDS
FOOD



6.3 BEHAVIOUR OF REAL ANTS

Real ants are capable of finding shortest path from a food source to the
nest (Beckers, Deneubourg and Goss, 1992; Goss, Aron, Dencubourg and Pasteels,
1989) without using visual cues (Hdlldobler and Wilson, 1990). Also, they are
capable of adapting to changes in the environment, for example finding a new
shortest path once the old one is no longer feasibic due to a new obstacle (Beckers,
Deneubourg and  Goss, 1992; Goss, Aron, Deneubourg and Pasteels, 1989).
Consider the following Figure 6.2 in which ants are moving on a straight line which

connects a food source to the nest

s
gt % Fopg
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FIGURE 6.2 BEHAVIOUR OF ANTS -1

It is well-known that the main means used by ants to form and maintain the
line is a phcromone trail. Ants deposit a certain amount of pheromone while
walking, and each ant probabilistically prefers to lollow a dircction rich in
pheromonc rather than a poorer one. This elementary behavior of real ants can be
used to explain how they can find the shortest path which reconnects a broken line
afler the sudden appearance of an unexpected obstacle has interrupted the initial

path asin Figure 6.3.

Foad

FIGURFE 6.3 BEHAVIOUR OF ANTS -2

In facl, once the obstacle has appeared. those ants which are just

m front of the obstacle cannot continue (o follow the pheromone trail and therefore



they have to choose between turning right or left. In this situation we can expect
half the ants to choose to turn right and the other half to turn left. The very same

situation can be found on the other side of the obstacle as in Figure 6.4.

Nest % e Food
e oM ol
m-lm-m-m-umﬁmm*m s |--um*xj‘:“ﬁuuwrﬁ*-muuum.::m
e W R -

FIGURE 6.4 BEHAVIOUR OF ANTS -3

[t is interesting to note that those ants which choose, by chance, the
shorter path around the obstacle will more rapidly reconstitute the interrupted
pheromone trail compared to those which choose the longer path. Hence, the shorter
path will reccive a higher amount of pheromone in the time unit and this will in turn
cause a higher number of ants to choose the shorter path. Due to this positive
feedback (autocatalytic) process. very soon all the ants will choose the shorter path

as in Figure6,s,

Foad

FIGURE 6.5 BEHAVIOUR OF ANTS -4

The most interesting aspect ot this autocatalytic process is that fmding the
shortest path around the obstacle scems to be an emergent property ot the
interaction between the obstacle shape and ants distributed behavior: Although all
ants move at approximately the same speed and deposit a pheromone trail at
approximately the same rate, it is a fact that it takes longer to contour obstacles on
their longer side than on their shorter side which makes the pheromone trail

accumulate quicker on the shorter side. 1t is the ant’s preference for higher

3



pheromone frail levels which makes this accumulation still quicker on the shorter

path.

6.4 Global Search

The global search creates g new regions by replacing the weaker portions of
the existing domain. The global search procedure essentially consists of two genetic
algorithm type methods. In the ants colony algorithm technology these arc called
random walk and trial diffusion. By random walk procedure, the ants move in new
directions in scarch of newer and richer stocks of food source.

In the ants colony algorithm simulation such a global scarch in the entire
domain is done by process equivalent to cross over and mutation operations in G.A.
adding or subtracting with a probability proportional to the mutation probability
carries out the mutation step in ants colony algorithm .the mutation step is reduced as

per the relation
A(ILR) =R {1+ DY

Where *i” is a random number from [0, 1] "R is the maximum step size. *T
is the ratio of the current itcration number that of the total number of iterations ,"b" is
A positive parameter controlling the degree of non linearity .the scaling down enables
cnhanced probability of locating maximum by concentrated search procedure called

trial diffusion,

The wrial diffusion is quite similar to arithmetic cross over. In this two parenls
are selected at random [rom the parent population space. The clements of the child’s
veetor can have either (1} the corresponding clement from the {irst parcit. (2 the
corresponding clement from the second parent & (3) a Combination arrived the

weighted average of the above If the random number is less than 0.5,

X iehaty = 00X trarest 1) T (1-00) X, tparent 1)

Where ¢ is a uniform random number in tre range (0-1 ).

i
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6.5 Local search

In the local search the local ants have the capability of seleeting regions
proportional to the current pheromone values of superior and inferior regions. Local

updating is applied onty on superior regions.

After sclecting the destination, the ant moves through a short distance. The
dircction of the movement will be the samc as that of the previous direction if there is
an improvement in the fitness. If there is no improvement it searches in the random
direction. If improvement is found in the above procedure, the regions position vector
is updated. The pheromone deposited by the ant is proportional to the increase in the
fitness. If in the above search higher the fitness is obtained, the age of the region is
increased the age of the region is another important parameter in the Ants colony
algorithm, The size of the ant movement in the local search depends on the current
age. Initially all the regions arc assigned with the pheromone value of {.0 and an age
of 10.0.the average pheromone for each region is calculated and the procedure is

repeated as many number of times as many times as they are local ants.,

6.6 ALGORITHM

[. Initializing 20 random solutions
2. Arranging them in ascending order or descending order depending on

maximization or minimization problem

3. Total nuntber ol ants taken = (number of solutions)/2

d, ‘The solutions gencrated are then classified into superior and inferior
solutions.

3. Next dividing the ants for global scarch and local search in the ratio

4:Lthen the global ants are divided in the ratio of 3:1 for random
walk. mutation and trial diffusion,
0, Termination criteria are maximum number of itcrations or ininimunm

crror conditions



6.7 OPTIMIZATION OF FCAW PROCESS USING ACO

No of particles: In this study, 20 solutions are considered

Dimension of particles; it is cqual to the number of input parameters (ie,)4

6.7.1 Random Walk

Solutions in the inferior most sequences are replaced with the randomly
selected solutions from the superior regions. This procedure is done for all variables

in this problem. This process of replacement is called as random walk.

6.7.2 Mutation
After the random walk step randoinly adding or subtracting a value 1o cach

and every variable of new solutions with a probability called mutation probability.

A(T,R) =R [1-r DY
I- random number [0-1]
R -maximum step size
T -current iteration number/maximum iteration

b-10

6.7.3 Trial Diffusion
Two parents ave selected from the inferior solutions, two random numbers are

selected between 1&4 et ithe 2 & 4,

cuirent  speed  nozzle torch
to plate angle
distance
Betore: 20045 3367 25.89 7.89
267.8% 2977 29.23 45.67
After ;20045 2977 2580 45.67
267.88  35.67 29.23 7.89
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6.7.4 Pheromone Iteration

It searches in the random direction, If improvement is found in the above
procedure, the regions position vector is updated. The pheromone deposited by the
ant is proportional to the increase in the fitness. Initially all the regions are
assigned with the pheromone value of 1.0 and an age of 10.0.the average
pheromone for each region is caiculated and the procedure is repeated as many

number of times as many times as they are local ants

6.7.5 Minimization function

New pheromonc = old pheromone + (old valuc — new value)/old value

6.7.6 Maximization function

New pheromone = old pheromone 1 (new value- old value)old valuc

New phel'omonc }zl\’el'agc pheromone

‘The flow chart for the ant colony optimization has been shown in the

Figuire0.6
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FIGURE 6.6 FLOW CHART FOR ACO
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6.8 INITIAL SOLUTION
6.8.1 Depth of penetration

Initial solution generated randomly for 20 particles for minimizing the depth of
penetration is shown below in the Table 6.1

TABLE 6.1 INITIAL SOLUTIONS FOR DEPTH OF

PENETRATION USING ACO
[ SNO. E(A) S(mm/min) | N(mm) T(deg) P (mm)
1 - 226.60001 29.60000 29.11000 2.5900 0,606?72 N
o P 262.899_99 29.37000 23.36600 8.9800 0.835303
3 265.00000_ 50.54000 - 27.19000- 15.23900 - 0.7‘]4-762
I 4 230.30000 2582000 26..(.)0000 1.7400 0.658321 -
B 5 2.1 5.69999- 22.75000 | 2432000 h 11.2600 0.595267 N
4] | 231.19999 | 31.41000 23.59000. 0.6300 0.803506
7 ” 274.205.(51 | 36.18000 | 27.33000 06100 | 0.970367
8 - 265.3-9999 : 41.68000 | 29.48000 1 6.6200 - 0.83885k5
9 265,.35999 41 68000 29.48000 | 6.6200 | 0.838860
10. 249..20000 : 33.1900-0 2508000 14.0500 0.éé6650 ]
11 270.50000 26.85000 2543000 5.2100 0.830500
- 12 284.70001 53.92000 | 27.88000 _4._9.500 -1,203790
13 | 240.60001 ” 5.8.37-£. ;190(; _2360-0_- &030_
3 14 228.00000 ‘ 5071000 i 24.24000 1_.3.200._ 1_.;2-440_
i 1 5 . 27560001 - 25.4605 ;75000_ .71_.1 200_“ (@0520_
?” 249.60001 58.49000 __.25.5.5:50 - 5150 .__.1.21%-6 -‘
17“ | 27?&]-99 I -_4.6.8160_0“ '| 761405 _747£ —1,01 1‘@
- 18 —._.234.6@" -5.3500_0_- 28_30000_ _6..1100_. .E123_5?
- 19 -._"_-_202,36% &1000_ 2@3000_ E-QQOO_- .719_655
o [ | wew | ame | s | som
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6.8.2 Height of Reinforcement

initiai solution generated randomly for 20 particles for maximizing the Height of

reinforcement is shown below in the Table 6.2

REINFORCEMENT USING ACO

TABLE 6.2 INITIAL SOLUTIONS FOR HEIGHT OF

S.NO. I (Aj | S(mmfnfin) N(mm) ” T{deg) R (mm)
B i 233.00000. 35.95000 22.08000 9.48d00 4.50732
2 205.10001 31.26000 .25.10000 3,87006 4-.77975 -
3 252,8{;—)999 30.98000 2573000 19.15500 4,91376 o
4 257.700b1 39.56000 26.41000 14.74000 4.55?6?. N
] 5 240.70000 38.05000 29.54000 .?.82000 | 471822 i
5 282.29999 38.34000 22,41000- 6.11000 4.75992
7 219,20600 | 49,080d0 2761000 11.68600 3.977-69
i 8 212.00006 54.30000 29.80000 4..6?000 5.78530 |
9 258.70001 40.54000 22.46000 13.0.0000. 4.43224 |
10 253.80.(.]00 53.08000 24.55000 10.86000 3.88897
- 11. 23%.50000 57.52000 2478000 1..08000 | 3.82750 o
—12 225.20000 41.00000 23.86000 0.69000. 4 40566 ]
B 13 - 218.70000 .40.17000 29.04000 .16,42000 4.38065.—
14. 248.20000 58.76000 2?72.7005_ 4%00 ] 3?3750—
15 232.80000 41-.00000 | g.ﬁ(@. XQSOOO_ 7382;-
i 16 -268.29999 45.15000 ;.85000 8.57000 ;1105
17_ 295._.&1 - 54.-530-(;. be(); ?S?OOG— .TT 63;
o 18 247.75000 4.6.24000 ] 28%600__- 17.%(50 | 4?91-6?.—
E -2;.20000.___.“42.4D$(-) -_“27.6.;23(-)0 _15.675(5 - 4_3-1_782 N
20 3164000 | 2343000 | 1932000 | 450274

202.30000

23.43000

Ol




6.8.3 Bead Width
Initial solution generated randomly for 20 particles for maximizing the bead width

is shown below in the Table 6.3

TABLE 6.3 INITIAL SOLUTIONS FOR BEAD WIDTH USING

ACO
SNO [ (A) S(mm/min) .N(mm) T(deg) W (mm)
| 231.60001 21.42000 2451000 | 1671000 3571882 |
- 20150000 |  36.89000 2286000 | 1440000 | 31.69678
3 267.89999 39.53000 29.03000 © 17.68000 | 3189215 |
. 279.60001 53.02000 26.19000 194000 | 2681417 |
s 22230000 26.03000 2740000 | 2.29000 3039971 |
6 228.89999 50.33000 2449000 | 3.88000 | 2349121 |
- 281.00000 35 67000 29.09000 | 1518000 | 3304922 |
B 245.39999 57.73000 | 2202000 | 18.71000 | 2630189
B 246.60001 35.35000 29.55000 114000 | 29.77815
R 265.29999 27.97000 2426000 | 11.91000 | 35.00470
| 21750000 4963000 | 2352000 | 1485000 | 23.03003
T 278.00000 2490000 | 2879000 | 140000 | 3002355
3 262.39999 44.41000 2425000 | 121000 | 27.12057 |
4| 28030000 5875000 | 2506000 _|_ 1081000 | 2660883
15 20539999 3072000 | 2023000 | 971000 | 2305816
16| 25480000 . s267000 2760000 | 541000 | 25'.;091_I
I : e
17| 23570000 | 3168000 2864000 | 18.15000 | 3177474
s ’ 221.50000 | 50 80000 -_.28..500_@" 1919000 | 2570437 |
e ‘ 27170001 | 4121000 | 2345000 | 099000 | 2866768
e i o | e o T
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6.8.4 Dilution
Initial solution generated randomly for 20 particles for minimizing the percentage

dilution is shown below in the Table 6.4

TABLE 6.4 INITIAL SOLUTIONS FOR PERCENTAGE
DILUTION USING ACO

SNO. | 1Ay | Senm/min) | Nenm) | Tdeg) | D %)
1 21460001 | 2689000 | 2268000 | 562000 | 6.68714
2 208.80000 I 28.91000 23.17060 17.47000 7.02353 B
3 21060001 | 27.67000 | 23.33000 | 044000 | 628358 |
4 - 214.60001 26.8900.0 22.68600 562000 6.68714
5 .2.08.80000 | 28 91000 | 2317000 - 17,470.00. i 7.02353
B 6 210,5b001 27,67000 | 23.33000 -0.44000 | 6.28358._
7 26570001 | 5931000 | 27.27000 | 239000 | 24.60295 |
8 296,50.000 46.54000 27.35000 2.32000 19.8147-7—
o g 269.20001 45 46000 2?,29000 3.79000 | 18.04307
10 ) 297.29995-3" 54.16000 23,6.?000 - 18.63000 14.45461—
11 244 50000 55.1900b 25.06000 6..19000 | E “ 21.1440?__
i2 297.0d000 | 46.?8.000-. 25.24d00 | 11.16000 : 17.56330-“_
o 13 ” 283.00000 30.42000 23.48000 2.84000 | .14.18405 N
14 - 290.7999-9 | 52.75000 26 87000 1.75000 22.91146 -
15. | 207.80000 46.73000 23.00000 89.24000 14,36788 |
F 223.-10001 | 50.79000 29.70000 5.53000 o 18.07127
17 | 2&"7,00000_ 38,62000__ | 24.83000 -___5.44006__ 14..@3-1
RT 256.10001 | 59.05000 | 2726000 | 322000 - 24 17653
14 __r—28-1.100(j1 53.43000. © 28.55000 ;] 8.21000 1-(5.0_,;"553
I 20 ] 280.70001 _IZ 37.68000 29.39000 12-.1—50-00 _1'[80214_
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CHAPTER 7

RESULTS AND DISCUSSIONS



7.1 PARTICLE SWARM OPTIMIZATION

The software to find the optimal values for welding parameters using PSO has becn
written in C language. The present work is an optimization problem with Maximizing
the Bead Width, Height of Reinforcement and minimizing the Percentage Dilution,
depth of penetration. Lvery output parameter was separately ilerated to find the
optimum input values. Each one of them was given the particle size of 5 and allowed

to make 100 iterations. The optimum results were calculated by inertia weight as 0.5.
7.1.1 Percentage Dilution

Table 7.1 shows the results of the optimized values of input parameters for
minimum Percentage Dilution at the end of 100 iterations and inertia weight of 0.5.

The optimum value is obtained at the 11" iteration. Figure 7.1 shows the solution

history of optimized results for Percentage Dilution.

TABLE 7.1 RESULTS FOR PERCENTAGE DILUTION USING

SO
[SNO | ](A) | S{mm/imtin} Nmm) | T(dew) ' D (%) ‘
I 224.80000 3241000 27.22000 | 1599000 8.?30859J
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Dilution optimization
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FIGURE 7.1 GRAPHICAL REPRESENTATION OF PSO FOR
PERCENTAGE DILUTION

7.1.2 Depth of penctration

‘table 7.2 shows the results of the optimized values of input parameters for
minimum depth of penetration at the end of 100 iterations and incrtia weight ot 0.5,
The optimum value is obtained at the 13™ iteration. Figure 7.2 shows the solution

history ol optimized results for depth of penetration.

TABLE 7.2 RESULTS FOR DEPTH OF PENETRATION USING

SO
S.NO ' [ (A) | S(m'i?m'in) —N[ml-l?. T(’dég) ' "P(mF_ \'
: ) |
) ro ol !
1 ‘ 224.399933 | 42.41999) ‘ 29.009993 ‘ 1?.349989‘ 0.421002 ‘

00



Penetration optimization
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FIGURL 7.2 GRAPHICAL REPRESENTATION OF PSO FOR
DEPTH OF PENETRATION

7.1.3 Height of Reinforcement

Table 7.3 shows the results of the optimized valucs of input parameters for
maximum tHeight of Reinforcement at the end of 100 iterations and inertia weight of
0.5. The optimum value is obtained at the 16" iteration, Figure 7.3 shows the solution

history of optimized results for Height of Reinforcement.

TABLE 7.3 RESULTS FOR HEIGHT OF REINFORCEMENT
USING PSO

S.NO ! [{A) | S(mm/min) N(mim) T(deg) | R(nm) l

T 250730652 | 20.118101 | 26.091854 | 9.743405 | 5.700532 |
. il B Bty | >
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Reinforcement optimization
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FIGURE 7.3 GRAPHICAL REPRESENTATION OF PSO FOR
HEIGHT OF REINFORCEMENT

7.1.4 Bead Width

Table 7.4 shows the results of the optimized values of input parameters for
maximum Bead Width at the end of 100 iterations and inertia weight of 0.3, The
optimum value is obtained at the 15" iteration. Figure 7.4 shows the solution history

of optimized results for Bead Width,

TABLE 7.4 RESULTS FOR BEAD WIDTII USING PSO

DN(T L Ay | Stmmimin) |'_ N(Ein)_‘ Tedeg) | Wmm) }
0T | | 22.139999 Lz.z_ouoﬁo ‘51_2”.018?85‘

| | J' 286%0015L 204
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Width optimization
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FIGURE 7.4 GRAPHICAL REPRESENTATION OF PSO FOR
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7.2 ANT COLONY OPTIMIZATION

The software to find the optimal values for welding parameters using ACO has been
written in C language. The present work is an optimization problem with Maximizing
the Bead Width, RHeight of Reinforcement and minimizing the Percentage Dilution,
depth of penctration, Every output parameter was separately iterated 1o find the
optimum input valucs. Each one of them was given the initial solution set of 20 and

allowed to make 100 iterations,
7.2.1 Depth of penctration

Table 7.5 shows the resuits of the optimized values of input parameters for
minimunt depth of penctration at the end of 100 itcrations. The optimum value is
obtained al the 47" iweration. Figure 7.5 shows the solution history of optimized

results for depth of penctration.

TABLE 7.5 RESULTS FOR DEPTH OF PENETRATION USING
ACO
[ST\_‘O ]_ IF\} o | S'(?nm)ﬁin)—[' '1_\.‘(1151) __!| "I_'((ICE) }r P(_mm)_ !

ool 2000 ) T30 ] T a0
Lo ! '

| - ) I_ 0.389667

J

— — i — — L
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Penetration Optimization
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FIGURE 7.5 GRAPHICAL REPRESENTATION OF ACO FOR
DEPTH OF PENETRATION

7.2.2 Percentage Dilution

Table 7.6 shows the results of the optimized values of input parameters for
minimum Percentage Dilution at the end of 100 iterations. The optimum value is
obtained at the 43™ jteration. Figure 7.6 shows the solution history ol optimized

results for Percentage Dilution.

TABLE 7.6 RESULTS FOR PERCENTAGE DILUTION USING

ACO
'»é.NO | I '(A) | S(rinm’min) _T. N(m.l-l_lj- i. -_f!-"(degj__ D_(%) '
I 25189999 2498000 | :.19.510007!L 11.09000 | 8§.03437
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Dilution optimization
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FIGURE 7.6 GRAPHICAL REPRESENTATION OF ACO FOR
PERCENTAGE DILUTION

7.2.3 Bead Width

Table 7.7 shows the results of the optimized values of input parameters for
maximum Bead Width at the end of 100 iterations. The optimum value is oblained at
the 43" iteration. Figure 7.7 shows the solution history of optimized results for Bead

Width,

TABLE 7.7 RESULTS FOR BEAD WIDTH USING ACO

[S.NO [{A) ‘S(mnﬂmin)‘ Nimm) | '_["((Icg) ‘ W (mm) ‘

|1 [ 281.899994 1 2029999 2857 | 19.559999  45.394989
L i [ ] B o |




Width optimization

46

a4
42
40

38 |
T 10 19 28 37 46 55 64 73 82 91 100

No.of iterations

L

Bead Width

FIGURE 7.7 GRAPHICAL REPRESENTATION OF ACO FOR
BEAD WIDTH

7.2.4 Height of Reinforcement

Table 7.8 shows the results of the optimized values of input paramecters for
maximum Height of Reinforcement at the end of 100 iterations. The optimum value is
obtained at the 22" iteration. Figure 7.8 shows the solution history of optimized

results for Height of Reinforcement.

TABLE 7.8 RESULTS FOR HEIGHT OF REINFORCEMENT
USING ACO

FSNO ‘» [{A) S(mmhnm)_' T m) o meg)_ R_(-Iﬂll-])_ l
i "J 283311188 | 2| ?(8%)8+ 27 { 0 5.'9_2'612TJ
- S N - . i AL _ A _



Reinforcement optimization
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/3



CHAPTER 8

CONCLUSIONS



8.1 CONCLUSION

The possibility of a flux cored arc welding optimization procedure
using particle swarm optimization and ant colony optimization are investigated in this
work. A particlc swarm optimization and ant colony optimization has been used in
this study to optimize the process parameters to achicve minimum penetration and
dilution, maximum height of reinforcement and width. It was found that both particle
swarm optimization and ant colony optimization can be a powerful tool in optimizing
cladding parameters. This approach can be moditied for other welding operations like
Gas Metal Arc Welding, Submerged Arc Welding cte. Particle Swarm Optimization is
an extremcly simple algorithm that scems to be effective for optimizing a wide range
of industrial problems. Ant colony optimization is found to give better resulis than

particle swarm optimization.,
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