Mild steel also called plain-carbon steel is the most common form of steel
because its price is relatively low while it provides material properties that
are acceptable for many applications, Mild steel has a relatively low tensile
strength and malleable; surface hardness can be increased through
carburizing. This material is also electrically conductive, easily available and
flexible in design. It can be machined by using many non-conventional
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ABSTRACT

Mild steel also called plain-carbon steel is the most common form of steel because its
price is relatively low while it provides material properties that are acceptable for many
applications, Mild steel has a relatively low tensile strength and malleable; surface hardness
can be increased through carburizing. This material is also electrically conductive, easily
available and flexible in design. It can be machined by using many non-conventional methods
like laser cutting, water jet machining and plasma arc machining. Among them Plasma arc
machining is a widely used industrial process due to its high accuracy, finishing, ability of
machining any hard materials and to produce intricate shape increases its demand in market.
This process is considered a challenging technology compared to its main competitors: Oxy-

fuel and laser cutting, in particular for cutting of mild steel for thickness 8-40 mm.

By considering literature surveys for plasma machining in context to parametric
optimization and analysis to attain target and optimum results, Taguchi method and Response
surface methodology is employed. For this Hypertherm plasma arc source, operating 30-400
A and output voltage between 100-200V is considered. The appropriate orthogonal array has

been selected as per number of factors and their levels to perform minimum experimentation.

The first part of work targets on finding the optimal combination of parameters which
gives the best performance measure. For this Taguchi techniques are applied and then

ANOVA F- test is performed to'check the significance.

In second part of this work is related Regression equation is generated by using
Response surface methodology through central composite design scheme to obtain output
value with in specified limits without further experimentation. ANOVA F-test is performed

to check the significance and errors are compared.

Key Words: plasma, ANOVA, Taguchi
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CHAPTER 1
INTRODUCTION

1.0 Motivation

There are several materials that are used in vast for manufacturing in the present days but
amongst them mild steels, ceramics, polymers, carbides and few other metals have found
wide applications in the manufacturing industry. Mild steel also called plain-carbon steel, is
the most common form of steel because its price is relatively low while it provides material
properties that are acceptable for many applications more so than iron, it is often used when
large quantities of steel are needed. The density of mild steel is approximately
7.85 g/em® (7850 kg/m? or 0.284 Ib/in*) and the Young's modulus is 210 GPa
(30,000,000 psi). It contains 0.05-0.3% carbon making it malleable and ductile easily
available flexible in design and fast to erect. Its inherent properties allow electrical current to
flow easily through it without upsetting its structural integrity.

Mild steel is used in 85% of all steel products, This over whelming market demand makes
it the cheapest form of steel available, with such a wide spread usage, the knowledge of its
properties is necessary for anybody who’s the manufacturing business to choose for the best
machining process.

For this kind of material, Manufacturing process based on metal removal have been used
for many years. The recent advancements ‘in manufacturing technology have enabled
manufacturers to make parts and products faster with better quality and more complexity.
Laser, water jet, and plasma technique represent some of newly established techniques in
manufacturing. Amongst other thermal machining methods, plasma arc machining (PAC) is a
very important thermal machining process and has been used successfully in the machining
of stainless steel, high hardness metals, high melting point metals and other difficult to
machine alloys. The cost of machining by PAC method is 2 to 3 times lower, while
productivity is 2.5 times higher than other process. Due to this the interest of modern
industries in plasma arc machining applications have increased by comparing the capability
of this process with Laser machining (higher quality but also more expensive) and Oxygen-
fuel machining which is less expensive.

1.1 Plasma Arc Machining:

The Plasma arc machining is a Thermal method of un-conventional machining process in
which the desired metal removal takes place through a constricted arc which melts the
localized area of work piece and removal of molten material takes with a high velocity jet of
ionized gas issuing from the constricted orifice. The plasma arc machining is a replacement
of plasma arc welding, in 1941, The U.S. defense industry discovers a new welding process
while researching better ways of joining metal together.



Figure 1.1 Plasma arc machining

The process commonly referred to as TIG involves feeding an inert gas through an
electric arc. In 1954, Scientists learned that increasing the gas flow and reducing the opening
in the gas nozzle used in TIG welding results in the formation of a plasma jet. The plasma
machining is practical alternative to laser machining and abrasive water jet machining
systems which is used for machining of electrically conductive metals, utilizes electrically
conductive gas to transfer energy from: an electrical power source through a plasma
machining torch to the material being cut. It uses a high-velocity jet of electrically charged
gas to cut metal at up to 50.000 degrees Kelvin.

1.2 Need Of Plasma:

In an economic climate that presents manufacturers with mounting pressures, it’s
important to know there are options for companies of all sizes that cut metal sheet or plate for
their products. Recent developments in plasma and high-definition plasma technologies have
made this method cost efficient, particularly for manufacturers that have used or are
considering using laser machining. Now, given the precision and quality that plasma
machining can provide, manufacturers can expect to save money and time using plasma
technology on parts that may in the past have required laser machining.

What is Plasma?

The term plasma is defined as fourth state of matter. When heated to elevated
temperatures, gases turns into distinctly different type of matter which is plasma. The
changes that takes place when gases are heated to a few thousand degree are:
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Figure 1.2 Plasma Gas
(I) The number of collisions, elastic or inelastic, between atoms increases.

(II) The gas ionizes, so that the atoms are stripped off their outer electrons, resulting in the
creation of electrons and ions.

(III) The electrons thus produced, in turn, collide with atoms, heat them through relaxation
processes so that their thermal kinetic energy increases, excite them so that de-excitation light
is emitted from the atoms and ionize them so that more electrons and ions are produced.
Thus, the new matter is characterized by its ability to conduct electricity due to the presence
of free charges. At high charge densities, the matter also becomes bright due to emission
from atoms.

With plasma machining, less preparation work is required. A plasma arc is hot enough
to burn through most surface coatings such as paint and rust and still provides excellent
machining results. With plasma machining, there is minimal heat input and distortion of the
metal as there is with jigsaws or machining shears. For applications where difficult shapes are
being handled or cut, such as ventilation ductwork (HVAC), tanks or vessels, plasma
machining offers considerable advantage since no fixturing is required.

1.3 Principle Involved In Plasma Machining:

The principle involved here is, the machining system utilizes heat generated
by arc discharge between the machining object material and the electrode inside the torch.
Arc discharge heat forms working gas into the plasma state of high temperature. The plasma
jet of high temperature and high-speed is blown out from the nozzle; and the machining
object material is fused to be cut.

In this plasma arc is constricted through a nozzle. This transferred arc, which occurs
when electricity flows from the non-melting electrode (cathode) to the work-piece (anode), is
used to cut electrically conductive materials. This is the most commonly used form of plasma
machining.



Figure 1.3 Principle of Plasma Machining

In the non-transferred mode, the arc occurs between the electrode and the nozzle. Even
when using a cutting gas that contains oxygen, the heat effect of the plasma arc prevails.
Thus, this method is not considered an oxy-fuel process, but rather a melt machining method.
The plasma gases are partially dissociated and ionized in the arc, thereby making them
electrically conductive. Owing to the high energy density and temperature, the plasma
expands and moves towards the work-piece at up to three times the speed of sound.

The metal material melts and partially vaporizes due to-the thermal energy of the arc and
plasma gas. The melt is forced out of the kerf by the kinetic energy of the plasma gas. In
contrast to oxy-fuel machining, in which about:70% of the thermal energy is produced
through iron combustion, in plasma fusion machining the energy required for melting the
material in the kerf is produced only electrically. Which plasma gases are used depends on
the material to be cut. For example, the monatomic gas argon and/or diatomic gases, such as
hydrogen, nitrogen, oxygen, and combinations thereof as well as purified air are used as the
plasma gas and also as the cutting gas. Burners can either be water-cooled or gas-cooled.
Plasma machining processes are broken down according to where they are used (above and
on the water and under the surface of water)

1.4 Components of Plasma Arc Machine:

Plasma arc machine offers process flexibility that is unparalleled and enables you to cut,
bevel and mark metals of up to 160 mm thick. Hypertherm Powermax series CNC plasma
cutters have easy to use control interfaces.

TECHNICAL FEATURES:

HPR Plasma HPR260XD
Input current 84A
Output current 30-260A
Output Voltage 175 VDC
Oxygen(02), Nitrogen(N2),F5
Plasma gas supply Gas(5%H,95%N),H35 Gas(35%H,65% Air),
Compressed Air or Argon(Ar)




Shield gas supply Nitrogen(N2), Oxygen(02), Compressed Air
or Argon(Ar)

Gas pressure 8 bar

Cutting capacity 32 mm

Pierce capacity 38 mm

Severance 64 mm

Table 1.1 Machine Specifications

The machines have the function of automatically memorizing and restoring when the
power is off; plasma arc machining requires no preheating, turnaround time is fast, the
process produces a small heat-affected zone.

o With remote control, machining from around 40 meter radius of the machine;

o These machines also feature automatic arc voltage or mechanical floating style torch

height control;

o the standard machining table with work piece collect drawer and the water table;

These machines further allow you to effectively avoid high frequency interference from
plasma stream, make machining stable and safe.

Mechanized Torch

— — Dotted Lines indicate Optional Equipment

Figure 1.4 Components of plasma machine

Plasma arc machining can increase the speed and efficiency of both sheet and plate
metal machining operations. Manufacturers of transportation and agricultural equipment,
heavy machinery, aircraft components, air handling equipment, and many other products
have discovered its benefits. Basically Plasma Arc Cutter comprises of major parts such as
power supply, gas supply and plasma torch.




1.4.1 Power Supply:

The plasma power source supplies the operating voltage and the cutting current for
the main and auxiliary arc. The no-load voltage of plasma cutting power sources ranges from
between 240 and 400 V. The power source contains a pilot arc (auxiliary plasma arc) ignition
system, responsible for lighting the main plasma arc. This is generally done by first lighting a
non- transferred plasma arc using high-voltage pulses. This arc is responsible for ionizing the
space between the nozzle and the work-piece, thus permitting the main plasma arc to be
produce. Power supplies have air-cooled and an additional inductance which allows you to
get a sustainable burning of plasma arc in the range of voltages from 100 to 600V.

1.4.2 Gas Supply:

The plasma system consists of two — three flows and their composition depends on type of
material and thickness.

e Plasma gas- flows through the orifice and becomes ionized(oxygen)

e Shielding gas — flows through outer nozzle and shields the molten weld from the
atmosphere.(air)

e Back — purge and trailing gas — required for certain materials and applications.

1.4.3 Plasma torch

The plasma torch is a device, depending on-its design, which allows the creation and
control of the plasma for welding or machining processes. The plasma is created in both the
machining and welding torches in the same basic manner, and both torches have the same
basic parts. A plasma torch supplies electrical energy to a gas to change it into the high
energy state of plasma.

WORKING GAS.
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Figure 1.5 Description of plasma torch

e Torch Body The torch body, on a manual-type torch, is made of a special plastic that
is resistant to high temperatures, ultraviolet light, and impact, The torch body is a
place that provides a good grip area and protects the cable and hose connections to the
head. The torch body is available in a variety of lengths and sizes.



e Torch Head The torch head is attached to the torch body where the cables and hoses
attach to the electrode tip, nozzle tip, and nozzle. The torch and head may be
connected at any angle, such as 90°, 75°, or 180° (straight), or it can be flexible. The
75° and 90° angles are popular for manual operations, and the 180° straight torch
heads are most often used for machine operations.

e Electrode Tip The electrode tip is often made of copper with an imbedded tungsten
tip. The use of a copper/ tungsten tip in the newer torches has improved the quality of
work they can produce. By using copper, the heat generated at the tip can be
conducted away faster. Keeping the tip as cool as possible lengthens the life of the tip
and allows for better-quality cuts for a longer time.

1.5 Process of plasma arc machining:

Step 1: A start input signal is sent to the power supply. This simultaneously activates the
open circuit voltage and the gas flow to the torch. Open circuit voltage can be measured from
the electrode (-) to the nozzle (+). Notice that the nozzle is connected to positive in the power
supply through a resistor and a relay (pilot arc relay), while the metal to be cut (work piece)
is connected directly to positive. Gas flows through the nozzle and exits out the orifice. There

is no arc at this time as there is no current path for the DC voltage.
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Figure 1.6 Step-1 of Plasma Machining Process

Step 2: After the gas flow stabilizes, the high frequency circuit is activated. The high
frequency breaks down between the electrode and nozzle inside the torch in such a way that
the gas must pass through this arc before exiting the nozzle. Energy transferred from the high
frequency arc to the gas causes the gas to become ionized, therefore electrically conductive.

This electrically conductive gas creates a current path between the electrode and the nozzle,



and a resulting plasma arc is formed. The flow of the gas forces this arc through the nozzle

orifice, creating a pilot arc.

— | 280 Voits DC

Figure 1.7 Step-2 of Plasma Machining Process

Step 3: Assuming that the nozzle is within close proximity to the work piece, the pilot arc
will attach to the work piece, as the current path to positive (at the power supply) is not
restricted by a resistance as the positive nozzle connection is. Current flow to the work piece
is sensed electronically at the power supply. As this current flow is sensed, the high
frequency is disabled and the pilot arc relay is opened. Gas ionization is maintained with
energy from the main DC arc.
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Figure 1.8 Step-3 of Plasma Machining Process

Step 4: The temperature of the plasma arc melts the metal, pierces through the work piece
and the high velocity gas flow removes the molten material from the bottom of the cut kerf.
At this time, torch motion is initiated and the machining process begins.
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Figure 1.9 Step-4 of Plasma Machining process




1.6 Types of Plasma Arc Machining:

» 1.6.1 Conventional Plasma Machining

This process generally uses a single gas (usually air or nitrogen) that both cools and
produces the plasma. Most of these systems are rated at under 100 Amps, for machining
materials under 5/8" thick. Primarily used in hand held applications.

-1
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Work Piece
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Figure 1.10 Conventional Plasma Arc Machining

» 1.6.2 Dual gas Plasma Machining

This process utilizes two gases; one for the plasma and one as a shield gas.The shield
gas is used to shield the cut area from atmosphere, producing a cleaner cut edge. This is
probably the most popular variation, as many different gas combinations can be used to
produce the best possible cut quality on'a given material.
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Figure 1.11 Dual Gas Plasma Machining

» 1.6.3 Water shield Plasma Machining

This is a variation of the dual gas process where water is substituted for the shield gas.
It produces improved nozzle and work piece cooling along with better cut quality on
stainless steel. This process is for mechanized applications only.
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Figure 1.12 Water Shield Plasma Machining

» 1.6.4 Water injection Plasma Machining

This process uses a single gas for plasma and utilizes water either radially or swirl
injected directly into the arc to greatly improve arc constriction, therefore arc density and
temperatures increase. This process is used from 260 to 750 amps for high quality machining
of many materials and thickness. This process is for mechanized applications only.

-
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Figure 1.13 Water injection Plasma Machining

» 1.6.5 Precision Plasma Machining

This process produces superior cut quality on thinner materials, (less than 1/2") at
slower speeds. This improved quality is a result of using the latest technology to super
constricts the arc, dramatically increasing energy density. The slower speeds are required
to allow the motion device to contour more accurately. This process is for mechanized
applications only.
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Figure 1.14 Precision Plasma Machining
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1.7 Advantages and Limitations of Plasma Arc Machining:

1.7.1 Advantages
o Cost Savings: Reduce fabrications costs by choosing precision plasma cut parts

¢ Quality Improvements: Produce sharper inside/outside corners, sharper edges, and
narrower kerf widths than conventional methods.

o Efficient Production: Fabricating times reduced when parts are received with +/-
.20" and free of dross and burrs.

o Economical Productivity: Minimize scrap and reduce handling time given capacity
to handle plate sizes as large as 100" x 260" which allows programmers to nest a large
quantity of parts on a single sheet during plasma machining processes.

o Operational Efficiency: Parts continue to be produced by the High Definition
Plasma system as our dual automatic pallet shuttle removes completed cut shapes
while new material is simultaneously being loaded.

o Design Flexibility: Eliminate the need for making templates, transferring to steel
parts, center punching, hand-machining and hand-grinding as the flexible table
designs of our Fine Plasma Cutters are ideal for machining holes and features in tubes
and structural shapes as well as sheet and plate.

1.7.2 Limitations

e Initial investment is more

e The cutter’s electrode and nozzle sometimes require frequent replacement which adds
to the cost of operation.

e Non conductive materials such as wood or plastic cannot cut with plasma cutters

e Plasma arc typically leaves a 4-6 degree bevel on the cut edge; although this angle is
almost invisible on thinner material, it is noticeable on thicker pieces.

e The dimensions in the drawings shall be taken to be the nominal dimensions being
determined on the clean surfaces of the cut. The limit deviations for the cut surface
quality (perpendicularity tolerance) are treated separately from the limit deviations for
the dimensional deviations of the work piece in order to emphasize the different

influences on work piece.
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1.8 Process Parameters:

Process parameters are classified into three types according to their involvement in

machining.
Constant parameters Material parameters Variable parameters
» Current » Material » Cut speed
» Gas Pressure » Thickness » Stand-off distance
» Kerf » Voltage
» Plasma gas

Table 1.2 Process parameters

1.8.1 Current:

Current flow rate is the value of current given during machining process. The cause of
the burn-through was the increase in the cutting current or the decrease in the cutting speed.
When the cutting current increases or the cutting speed decreases, the stable state of the
keyhole changes accordingly. If the cutting current and the flow rate of the plasma gas are
increased and/or the cutting speed is decreased, the process will withstand larger variations in
the cutting parameters.

1.8.2 Gas Pressure:

Pressured air serves two purposes in plasma machining. The primary purpose is to
supply gas to fuel the plasma reaction and the secondary purpose is to blow melted material
away while cooling the tip. Pressure was determined as a variable affecting quality by the
plasma CAM machine manual; a maximum pressure input of 125 psi was also listed.
Operating pressure was found to be 70 psi for all cutting power levels (Thermal dynamics).A
combination of operating range and experimentation determined that the discrete range used
for investigation was 60 psi

1.8.3 Kerf:

The kerf is the space left in the work piece as the metal is removed during a cut. The width of
a PAC kerf is often wider than that of an oxy-fuel cut. Several factors will affect the width of the kerf.
The kerf width obtained by plasma arc machining will be greater than that achieved by oxy-fuel
machining on carbon steel, but not as great as that obtained by other processes, such as abrasive
machining or arc gouging. The rule of thumb for estimating the kerf in plasma machining is that the
width will be approximately 1.5 to 2.5 times the tip orifice diameter.

1.8.4 Plasma gas:

For mild steel use oxygen plasma and air shield for the best cut quality, lowest
dross levels, minimal rework, excellent weldability and highest cutting speed/productivity.
Oxygen has become the industry standard for machining Carbon Steel because it provides the
best cut quality and fastest cutting speed of any plasma gas. Oxygen plasma gas reacts with
carbon steel to produce a finer spray of molten metal, each droplet having a lower surface
tension. This molten spray is more easily ejected from the kerf.
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Air is the most versatile plasma gas; it produces good cut quality and speed on mild steel,
stainless, and aluminum. Air also lowers the cost of operation because it is not necessary to
purchase gases. However air is not free. Shop air must be cleaned to remove contamination
such as particulate, oil mist, and moisture.

1.8.5 Material:

The material assumed for plasma machining is Mild steel. This is also called plain-
carbon steel, is the most common form of steel because its price is relatively low while it
provides material properties that are acceptable for many applications, more so than iron.
Low-carbon steel contains approximately 0.05-0.3% carbon making it malleable and ductile.
Mild steel has a relatively low tensile strength, but it is cheap and malleable; surface hardness
can be increased through carburizing. It is often used when large quantities of steel are
needed, for example asstructural steel. The density of mild steel is approximately
7.85 g/em® (7850 kg/m? or 0.284 Ib/in*) and the Young's modulus is 210 GPa
(30,000,000 psi).

1.8.6 Thickness:

The assumed thickness is 8mm mild steel plate_and this thickness is remained to be
constant throughout the experimentation. By considering the data, further experimentation is
carried out by assuming the constant and varying process parameters current, gas pressure,
kerf and plasma gas and varying process parameters like Cut-speed, stand-off distance and
voltage for the experimentation process for getting better results.

1.8.7 Cut speed:

The cut speed is the speed at which the torch moves in the x-y plane while the torch is
machining. Cut speed varies depending on material type, material thickness and input power.
The best way to judge cutting speed is to look at the arc as it exits the bottom of the work
piece. Observe the angle of the cutting arc through the proper welding lens. If machining with
air, the arc should be vertical straight down, or zero degrees as it exits the bottom side of the
cut.

1.8.8 Stand-off distance:

"Torch stand-off" is the distance the outer face of the torch tip or constricting orifice
nozzle is to the base metal surface. This standoff distance will be determined by the thickness
of material being cut and the amperage required. Low heat build-up while machining with
less than 40 amperes may allow dragging the torch tip on the material. If a high build-up of
heat is expected, a standoff distance of 1/16" to 1/8" will be required.

1.8.9 Voltage:

The power source required for the plasma arc process must have a drooping
characteristic and a high voltage. Although the operating voltage to sustain the plasma is
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typically 100 to 160 V, the open circuit voltage needed to initiate the arc can be up to 400V
DC. On initiation, the pilot arc is formed within the body of the torch between the electrode
and the nozzle.

1.9 Performance Measures:

1.9.1 Metal Removal Rate

The material removal rate, MRR, can be defined as the volume of material removed

divided by the machining time. Material Removal Rate (MRR) is defined by:
MRR = WRW/T [g/min] 11

Where,
WRW: work-piece removal weight (g)
T: machining time(s)
WRW is the weight different between before and after work piece machining. The volume
different can be calculated when information regarding material density available. The
relation between WRW and WRYV is given as follow:
WRYV = WRW/p
Where,
p: Work piece density (g/ mm3)

1.9.2 .Surface Roughness

Roughness is a measure of the texture of a surface. It is quantified by the vertical
deviations of a real surface from its ideal form. If these deviations are large, the surface is
rough, if they are small the surface is smooth. Roughness is typically considered to be the
high frequency, short wavelength, component of a measured surface. Surface roughness
normally measured. Roughness plays an important role in determining how a real object will
interact with its environment.

1.9.3 Dross (Re-solidified metal);

This phenomenon refers to the re-solidified metal that adheres to the bottom edge of
the plasma cut. The concentration of dross will be heavier on the bad side of the cut. The
amount of dross that fonus is a result of the type of metal being cut, the cutting speed, and the
arc current. Dross can be formed from either too high or too lowa cutting speed, but there is a
"window" between these two extremes in which dross-free cuts can usually be achieved. The
dross-free range is greater on stainless steel and aluminium than it is on carbon steel and
copper alloys. If dross-free cuts cannot be achieved, then a minimum amount of low speed
dross is more desirable, because it is more easily removed than the high-speed variety.

1.9.4 Heat affected zone:

This study of thermal and chemical effects in plasma-cut stainless and aluminum
confirmed many of the findings of previous studies on carbon steel.
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o The HAZ is small in plasma-cut pieces. Most HAZ measurements in this study were
less than 0.001 inch thick.

o HAZ varies with speed and power. The extent of the HAZ in mild steel is related to
process variables, such as cut speed and power, as well as material thickness.

o Faster machining produces less HAZ. Decreasing the time required to perform a cut
by using high amperage and high-speed conditions reduces the HAZ.

e More heat (per square inch) can produce less HAZ. High-energy density processes
(more power per unit area), such as high-precision PAC, produce less HAZ.

For some applications the HAZ must be removed mechanically before welding to prevent
embrittlement and weld failure, but the HAZ of plasma-cut stainless and aluminum generally
is small and can be further minimized through process controls.
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CHAPTER 2

LITERATURE REVIEW

2.0 Introduction

Several researches have been carried on plasma arc machining process for machining

different materials. Based on literature reviews on plasma arc machining, they are classified

into three categories, such as

Experimental model
Optimization models and
Analysis model

2.1 Experimental Model

R.Bhuvenesh et al [2012] considered plasma arc machining process which is one of
thermal removing process for machining AISI 1017 Steel of 200 mm x100 mm x 6 mm
material operates on the principle of passing an electric arc through a quantity of gas
through a restricted outlet. They have considered cutting current, air pressure,
cutting speed, arc gap as input parameters and performance measures metal
removal rates and surface roughness: It was found that experiment 8 produces
lowest surface roughness and experiment 6 gives highest metal removal rate

2.2 Optimization Model

M.1.S.Ismail et al [2011] assumed plasma arc machining for ASSAB 618 steel to find
out surface hardening with the help of Taguchi techniques. Here, L8 orthogonal array
is assumed then after ANOVA F-test is performed. The results obtained are for
hardened depth optimum parameter values are current 60A, low scanning velocity
0.1m/s and low carbon content 0.38wt% For surface roughness the values are low
arc current 30A, high scanning velocity 0.3m/s and high carbon content 0.9wt%.It
was also observed that increase of hardened depth of 1.34 times and improvement
in surface roughness value by 1.77 times.

R.Bhuvenesh et al [2012] considered plasma arc machining AISI 1017 Steel of 200
mm x100 mm x 6 mm material and conducted taguchi techniques for optimization
process by considering L9 orthogonal array for 3 parameters and 3 levels. The
observed optimization is that experiment 8 with input values 6.5 air pressure, 75
amps current, 600 machining speed, 5.0 arc gap and experiment with input values 60
air pressure, 80 current, 600 cut speed, 4.0 arc gap produce lowest surface roughness
and highest MRR.
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Joseph c.chen et al [2009] studied Taguchi parameter design to optimize the
roundness of holes made by an aging plasma-machining machine for . L9 array is
used in Taguchi experiment design consisting of four controllable factors, each with
three levels, with two non controllable factors included in the setting. The Taguchi
experiments gave the optimal combination A1B2C1D3 (small for tip size, 93 in/min
for feed rate, 100v for voltage and 63 a for amperage).

John Kechagias et al [2010] considered optimization of the machining parameters for
CNC plasma-arc machining of St37 mild steel plates is attempted using robust design.
An orthogonal matrix experiment [L18 (2! x 37)] was conducted and the right bevel
angle was measured and optimized according to the process parameters using an
analysis of means and an analysis of variances. The results show that the arc ampere
has an effect mainly on the bevel angle (50.89%), while the plate thickness and torch
standoff distance also have an influence of 6.22 and 15.9% respectively.

S Ramakrishnan et al [2000] , reported the results-on influence of oxygen for plasma
gas use