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ABSTRACT

In our modern world, rapidly expanding environmene of the developing problems is
that of “Noise”. In India, the industrial sectorgsowing rapidly and number of industries
increasing at very fast rate. This has lead toenpdlution. Machine tool noise is one of

the major source of noise in industries.

So, it is necessary to study noise generated byimatools. Machine tool which is most
commonly used in factory/workshop is the lathe nraehin the present work the effect
of different operating parameters like cutting shdeed and depth of cut on noise during
turning operation in a centre lathe machine hawenlmnsidered. First of all to find out

the location where the sound pressure level is mami, the sound pressure level
measured in dB(A) near the machine at five diffetepations at distance of 0.5 m from
the centre of each side of an machine for diffecemhbination of operating parameters.
Sound power is then calculated using rectangulaallptbopiped method at different

cutting speed, feed and depth of cut and also grédtkk most significant parameter using

the Taguchi method.

Frequency spectrum analysis in 1-1 octave bandbleas carried out at the location

where the sound pressure level is maximum.
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NOMENCLATURE

SYMBOLS DESCRIPTION
TTS Temporary threshold shift
PTS Permanent threshold shift
Hz Hertz
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CHAPTER 1
INTRODUCTION

1.1Introduction to Noise

In our modern world, rapidly expanding environmene of the developing problems is
that of noise. Apart from the pure annoyance factaroise, exposure to an intense sound
field over a long period of time presents the mdkpermanent damage of hearing. This
particular problem is becoming a source of seriooiscern to industrial corporations,
trade unions and companies.

The object of this part is to discuss the concéptaise, problems of noise and its effect

on man and environment both as annoyance and asgeidto health.

The major sources of noise are:
1. Industrial noise
2. Traffic noise

3. Community noise

Out of above three sources, the source that afféaetsmost is industrial noise. In
industrial noise, mainly the noise is contributimg machine tools and the machine tool
which is most commonly used in factory/workshophis lathe machine.

Noise:Noise is conveniently and concisely defined as “amted sound”.

Sound: Sound waves are pressure variations produced asswt rof mechanical
disturbance in a material medium.

Decibel: Decibel is the logarithm of a ratio of two quam#iand therefore has no units.
Decibel is defined by expression ]sﬁloglo(P/ PO)Z.

Where,
P is the sound pressure amplitude of the measoretis

Po is a reference pressure p&a.



Sound Pressure Sound Pressure Level Environmental

(N.-"mz) (dB) Conditions
10° 134 dB Threshold of pain
10 114 dB Loud automobile homn

(distance 1m)

| 94 dB Inside subway train

107 74 dB Average traffic on street
corner

10~ 54 dB Living room. Typical
business office

107 34dB Library

107 14 dB Broadcasting studio

2*%107 0dB Threshold of hearing

Table 1.1 Environmental conditions at different S [Ref. 25]

1.2 Sound Sources

A distinction is made between three different typkesound sources:
1) Point source
2) Line source

3) Plane source

1.2.1 Point sourceA sound source can be considered as a point satiitsedimensions
are small in relation to the distance to the rememnd it radiates an equal amount of
energy in all directions. Typical point sources iadustrial plants, aircraft and individual
road vehicles. The sound pressure level decread@&svéhenever the distance to a point
source is doubled.

1.2.2 Line source:A line source may be continuous radiation, suchrasn a pipe
carrying a turbulent fluid, or may be composed dam@e number of point sources so
closely spaced that their emission may be congidaseemanating from a national line

2



connecting them. The sound pressure level decréasi#s whenever the distance to a

line source is doubled.

1.2.3 Plane sourceA plane source can be described as follows. Ifstopi source is
constrained by hard walls to radiate all its powdo an elemental tube to produce a
plane wave, the tube will contain a quantity of rggenumerically equal to the power
output of the source. In the ideal situation thetk be no attenuation along the tube.
Plane sources are very rare and only found indeict. systems.

When two sources radiate sound energy, they wih lbontribute to the sound pressure
level a distance away from the sources. If theyatadhe same amount of energy and the
distance from the point of measurement to the ssuicthe same, the level will increase

by 3 dB compared with the level created by onesmatone.

1.3Physical Property of Sound
1.3.1 Sound powerWhen sound is produced, a transfer of energy fiwrsource to the
surrounding air molecules takes place. The raemefgy transfer is called sound power.

The unit of sound power is W (Watt).

The audible range of sound power extends froM\0to more than 1000 W. TON is
the lowest level which can be heard by a listehesecto the source, and 1000 W will
create immediate hearing damage. Lower levels s @eate hearing damage, if the
listener is exposed for a long period of time.

1.3.2 Sound intensity:When a source produces sound power (P) it willtereacertain
Sound intensity (1) at a distance away from thers@uThe intensity is a measure for the
amount of power through a certain area at thisdcs.

None of these units can be measured directly. NWadures can, however, be calculated
after measurement of the sound pressure level, ikgowhe area over which
measurements are being made. The relationship eet&eund Pressure (p), Intensity (1)
and Sound Power (P) can be written as,

p? ] <P (1.1)



1.3.3 Sound pressure levelDecibel (dB) is logarithmic ratio which defines teeund
pressure level das follows:

P
L, = 20Ioglo? (1.2)

0
Where,
P is the sound pressure measured.
Poyis the reference sound pressuee 20uPa (the threshold of hearing).

This logarithmic scale has several advantages avianear scale. The most important
advantages are:
1. A linear scale would lead to the use of somearanas and unwieldy numbers.
2. The ear responds not linearly, but logarithniyci stimulus.
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Fig. 1.1 Calculation of SPL [Ref. 25]

1.4 Characteristics of sound

1.4.1 Background Noise
When sound measurement for a machine is carried ibus important that the

background noise level is so low, that it does lmte any influence on the result. This
can be tested in the following manner. Measuresthend at the position where it should
be measured with the source (machine) running.cBvaff the machine and measure the

sound level without the machine running.



If the difference is less than 3 dB measurementsildhbe stopped until the background
noise has been reduced. If the difference is batvdeand 10 dB use the curve to correct

the measured value. If the difference is more th@mB, the background noise may be

ignored.
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Fig. 1.2 Subtraction of background noise in dB [Ref25]

This is the curve for reducing the background noisethis example, measurement
without machine ON is 53 dB and with machine OM@sdB. So there is a difference of
7 dB and then from background noise curve, 1 dBasfection value is taken to get a

corrected value. So the corrected sound pressuekie59 dB.

1.4.2 Loudness
Loudness is a subjectively perceived attributeoninsl which enables listener to order its
magnitude on scale from soft to loud. It is defimedsubjective intensity of sound. Based
on these curves of equal loudness, the “phon” sgatelogically conceived as a measure
of loudness level. The loudness level of a sounghion is the sound pressure level in dB
is 2x10°N/mPof a pure tone.
Non linear response of the ear:

a) 1000 Hz tone of 40dB (40 phon) is of same losdras

63 Hz tone of 58 dB

or



4000 Hz tone of 31dB

b) Increase in loudness for a corresponding iner@asound level depends upon
frequency and on level also.
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Fig. 1.3 Equal loudness contours [Ref. 25]

1.4.3 Weighting Curves

The non-linear response of the ear has lead tointneduction of weighting filters,
making it possible to carry out measurements, whmfnelate well with the response of
the ear. The most commonly used of these curvéiseif-weighting curve, because it
gives the best correlation between the measuredesabnd the annoyance and
harmfulness of the sound signal. It follows appneaiely the 40phons curve in Fig.1.4.
The B-weighting and C-weighting curve follow moreless than 70 phons and the 100
phons curves. The D-weighting curve follows a cantof perceived noisiness, and is
used for aircraft noise measurement. Weightingriltcan easily be built into portable
Sound Level Meters, and the sound level measur#eers given in dB(A) in case where
an A-weighting filter has been used etc. Some sdéewel meters also have octave filters

built in, or provision for connection of externdtdrs.
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Fig. 1.4 Weighting Curves [Ref. 25]

1.4.4 Frequency Analyzer

All non-sinusoidal signals are composed of two arensinusoidal signals. The non-
sinusoidal signal can be represented in eithetithe domain as a function of time or in
the frequency domain, where the individual freqyeoomponents are represented on a
frequency scale. A noise signal will contain signaf all frequencies, or at least a broad

spectrum of frequencies.

When a sound signal is investigated it is ofterirdbke to investigate a limited part of the
frequency spectrum. This can be done with the falfdter which will allow passage of
only that part of the spectrum which lies inside thandwidth Af) of the filter. A
practical filter however will not have such a steept-off and the usual filter

characteristic is together with the characteristican ideal filter.

The bandwidth £f) of the filter can be defined as the frequenaygebetween the points,
where the filter characteristic shows a reductiér8a@B, or the frequency range of an
ideal filter, which would allow the same amount pidwer of a signal containing all
frequencies to pass. The difference between thelvidth found using these two

definitions is for most filters very small.



It is common to classify a filter according to dandwidth, and there are two classes of
filters which may be encountered i.e. constant hadith filters and filters with a constant

percentage bandwidth.

The constant band width filters have, as the nardeates, a constant band width filters
have a constant ratio between bandwidth and céeguency. A special type of constant
percentage bandwidth filters is the octave filtavhere the upper limiting frequency is
twice the lower limiting frequency# 2 f;.

1.4.5 Equivalent Continuous Sound Level (&)

Legis the A-weighted energy mean of the noise leverayed over the measurement
period. It can be considered as the continuousenefsch would have the same total A-

weighted acoustic energy as the real fluctuatingenmeasured over the same period of
time and is defined as,

_10i0g. | LT[R0
Leq—lologl{_l_ | ( S ] dt] (1.3)

0 0

Where, T is the total measurement time,
Pa(t) is the A-weighted instantaneous acoustic pressu
Pois the reference acoustic pressure ofiP2@.

1.5 Harmful effects of noise on human beings
The following are the various harmful effects ofsgoon human beings:
1) Reduces work efficiency.
2) Affects the speech communication.
3) May cause temporary threshold shift (TTS) / permatigeshold shift (PTS).
4) Induces loss of hearing ability.
5) Causes psychological strain and mental fatigue.
6) May damage the heart.
7) Increases the cholesterol level in the blood.
8) Dilates the blood vessels of the brain.
9) Upsets the chemical balance of the body.
10)Causes headache, nausea and general feeling cinesa

11)Induces errors in “motor’performance.



12)Induces psychosis and acute mental agony.

1.6 Useful Applications of Noise
Noise is not only has harmful affects but sometintess very useful. Some of the

examples when noise is useful:

1.6.1 Study of heart beatsNoise produced by the heart beats is very usefdidgnose

the person’s health accordingly.

1.6.2 Masking effects: Sometimes, it is necessary that nobody should hiear

conversation between the two persons. For thiskimgseffect is used. For e.g., in the
doctors chamber, doctor wants that nobody shoudd his conversation with the patient
so Dr. uses masking effect by putting a more neidyaust fan which make noise outside

the room.

1.7 Noise Measuring Instrument

Noise measuring devices typically use a sensoeteive the noise signals emanating
from a source. The sensor, however, not only detiet noise from the source, but also
any ambient background noise. Thus, measuring #dileevof the detected noise is
inaccurate, as it includes the ambient backgroumsen There are so many different types
of instrument available to measure sound levelsthaanost widely used are sound level

meters.

1.7.1 Elements of sound level meter

1.7.1.1 Microphone: Most measurement microphones generate a voltage isha
proportional to the sound pressure at the microplaod is the electrical analog of sound
waves impinging on the microphones diaphragm. Tdréqular mechanism that converts
the pressure variation into sound waves signafeBht types of microphones are:

a) Capacitor (Condenser) Microphone

b) Pre-polarized Microphone

c) Piezoelectric Microphone



1.7.1.2 Amplifier: It amplifies the signal from microphone sufficigntto permit
measurement of low SPL. It amplifies sound overidewirequency range. It maintains
the amplification constant.

1.7.1.3 Rectifier:lt rectifies the signal from analog signal to dagisignal.

1.7.1.4 Smoothing circuit:The circuit through which the sound waves are Esse

1.7.1.5 Meter:It is the part of sound level meter by which we talte observations.

Fig 1.5 Sound Level Meters

1.7.2 Steps for Measurement of Noise

(a) Calibration: Check the sensitivity (calibration) of the measgrinstrument

before and after each measurement.

(b) Measure the Acoustical Noise Level
1. Correction for back ground noise.
2. Correction for reflection of nearby surfaces.

3. Correction for ambient pressure.

(c) Out Door Measurement use of Windscreen
1. Wind effects can be minimized to protect micrapé.
2. Wind generated noise can be reduced by fittimgna screen.
3. Wind screen is a porous ball of open-cell ptagtam or some other

porous material placed over the microphone.

10



Fig 1.6 Sound level meter with windscreen

1.8 Measurement of Sound Power

1.8.1 Sound power level measurement with sound pege level: The sound power

level of noise sources can be measure with thedfedpund pressure level with following steps:

1. Surround the source with hypothetical surface ehe (either a hemi sphere
or a rectangular parallelopiped).

2. Calculate the area of this hypothetical surface i§ hemisphere, S is given
by2rr2 where r is radius of the hemisphere.

3. If it is rectangular, S is given by ab+2(ac + behere a, b, c are its length,
width and height.

4. Measure the sound pressure level at designated pairthe hypothetical
surface.

5. Obtain the average bf sound pressure level measured in the step 4.

6. Finally calculate the sound power level frora tbllowing equation.

L, =L, +10log(S/S,) (1.4)

Where,
Sis reference area, Bm
S is hypothetical surface area.

11



Maasurement Referance
surface Parallelepiped

Fig.1.7 Graphical representation of micro phones pgition on an imaginary

hemispherical surface surrounding a source [Ref. 35

12



Heference
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Measu; BEMEent Y
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~

@ Microphone
Positions

® Additional
microphone
PaOsition:

Fig.1.8 Array of microphone positions on an imagingy parallelepiped surface

surrounding a source whose sound power is to be mmaed [Ref. 25]

1.8.2 Additional aspect of measurement correspondotthe steps in the above

Procedure

1)

2)

For the small sources whose largest dimensiongisifeiantly less than one

meter. It is usually more convenient to use henasphthan rectangular
parallelopiped hypothetical measurement surfacdafge rectangular sources
the rectangular parallelepiped surface is usuatyepred.

The radius of hypothetical hemisphere should beleguor greater than twice
the major source dimension and not less than 1mther rectangular

parallelepiped, the measurement distance “d”, teepgndicular distance

between the source and the measurement surfaeepnaterred value of 1 m.

13



3) For hemisphere the designated point of the microphHocations are shown in
figure 5. The corresponding point for the rectaagylarallelepiped is shown
in figure 6. The sound pressure level at designptedt is measured with A-
weighting or in one-one octave or in one-third gethands.

4) The average sound pressure level over the measoresweface, h is
calculated from the measured sound pressure leyebfter correction for

background noise.

1.9 NOISE STANDARDS IN INDIA

Noise has been recognized as one of the unwantegrdgucts of the industrialized
society along with air, water and other pollutar®ne of the earliest Noise standards
available is due to the Occupational Safety anditHesct (OSHA) an acted in USA in
1971 which happens to be a land mark step in thectibn of Environmental Noise

Control.

In India, Noise figured only incidentally in genktegislation of the Govt. of India as a
Component in Indian Penal Code, Motor Vehicles @&39), and Industries Act(1951).
Some of the states also had noise limits incorpdrat certain manner in their legislation.
In 1986, the Environment (Protection) Act was l&ded.

A review of the status report indicates that n@seveys were made in India in the sixties
by the National Physical Laboratory, New Delhi. Thedings of this survey clearly
established the existence of high noise levelseth Bombay and Calcutta. An expert
committee on noise Pollution was set up by the 8igiof Environment, Govt. of India,
in early 1986 to look into the present status ofsE@ollution in India Expert Committee

submitted its report in June 1987.
The following have been identified as the Sourcenafe to which a man is exposed

advertently or inadvertently on road, in the housework, in the factory, indoors or

outdoors.

14



Group |

Industrial Notse

Automobiles Noise

Domestic Appliances Noise
Public ~ Address  System

Notse

Group 2

Atrcraft Notse
Railway Noise
Construction Noise

Notse from Crackers

Table 1.2 Grouping of different types of noises india [Ref. 25]
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1.9.1 Permissible Sound Levels for machine tool indtries in India

Sl. | Industry Number of | Range I Average |,

No. samples (dB(A)) (dB(A))

1 Food Manufacture 79 85-111 92

2 Manufacture of textile 28 85-108 93

3 Sawmill and other wood mills 32 85-104 93

4 Manufacture of furniture 54 85-115 93

5 Manufacture of paper and paper 29 85-102 92
products

6 Printing and Publishing 33 85-96 89

7 Manufacture of chemicals and 26 85-104 92
chemical products

8 Manufacture of non metal products 22 85-110 94

9 Basic metal industry 24 85-100 92

10 | Manufacture of structural metal 82 85-108 93
products

11 | Manufacture of metal cans and 83 85-118 94
containers

12 | Metal forging and stamping 45 85-105 93

13 | Manufacture of fabrication metal 139 85-115 92
products

14 | Manufacture of machinery 96 85-120 93

15 | Manufacture of electrical machinery, 38 85-108 91
apparatus and appliances

16 | Manufacture of electronic product and 83 85-103 90
components

17 | Building and repairing of ships 42 85-110 95

18 | Manufacture and repair of motor 24 85-105 92
vehicles

19 | Manufacture of aircraft 43 85-105 92

20 | Other manufactures industries 33 85-105 91
Total Average 92

Table 1.3 Permissible Sound Levels for machine tooidustries in India [Ref. 25]
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1.9.2 Typical Noise Levels

Areas with heavy industries or close to blaringdepeakers: 80-105 dB(A).
Areas with over flying aircrafts: 90-100 dB(A).

At railway stations, traffic junctions, busy marke70-90 dB(A).

Residential areas close to traffic, industries ianagkets: 60-80 dB(A).

Residential areas away from heavy traffic roadthier noisy Sources: 40-60
dB(A).
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CHAPTER 2
LATHE MACHINE NOISE

2.1 INTRODUCTION OF LATHE MACHINE

A Lathe is an important and oldest known machire t® any workshop. The job to be
machined is held and rotated in a chuck, face ptateh plate, between centres etc. A
suitable cutting tool is advanced against rotajoly Since the cutting tool material is
harder than the work piece, the metal is easilyongd from the job in the form of chip.
Cutting tool used is a single point cutting tool.

Some common operations performed are facing, tgrmnamfering, parting off, drilling,

knurling, boring, thread cutting etc.

2.2 THE PRINCIPAL PARTS OF LATHE MACHINE ARE SHOWN
IN FIG. 2.1
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Fig.2.1 Parts of lathe machine

2.3 NOISE SOURCES

2.3.1 Gears noiseAny inaccuracies in gear profile cause unsteadgef®macting on the
whole transmission System. Also even if the peoil accurate, the periodic, loading of
work gear tooth sets the gear wheels in resonamtemoesulting in narrow frequency

band vibration components. The spectrum of noigmfa pair of meshing gear consists
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of a Series of narrow band components at the aotatifrequency of each gear and its
harmonics. At tooth meshing frequency these twambaic series coincide and the

maximum noise generation usually occurs.

2.3.2 Bearing Noise:Journal bearings are very quiet provided sufficiettrication is
maintained and clearances are small. Instabil@resng principally out of shaft bending
made can at times cause noise at frequenciesdtalf speed. In roller and ball bearings
the causes of vibration are departures from idediles of inner and outer rings and of
balls or rollersDistortion through improper fitting procedures isnajor cause of noisy
bearings. The bearing noise is usually quite utedlao any of the obvious modes of

unsteady loadings.

2.3.3 Rotating parts noise:One of the principal cause of noise in rotatingtpas the
rotor imbalance. This is usually well below thegwency range of maximum structural
excitation, but if the imbalance forces are sudfitito cause impacts within the bearing,

significant noise may result.

2.3.4 Motor noise: The spectrum of this noise usually has large sirfigbguency

components superimposed on broadband noise, timgge Bequency components in the
noise spectrum generated by (1) the periodic motibiits parts under the action of
periodic forces, (2) the periodic interruption bétflow of cooling air, or the excitation of

natural frequencies of components of the motor bgmetic forces.

2.3.5 Sliding Parts noiseln sliding parts like internal tail stock, compourast etc. a lot
of noise is produced. This noise is mainly duehi® dirt, corrosion and improper fitting

procedures.

24 DIFFERENT OPERATING PARAMETERS OF LATHE
MACHINE

2.4.1 Cutting Speed: The cutting speeof a tool is the speed at which the metal is
removed by the tool from the work piece. In a lathe the peripheral speed of the work

past the cutting tool expressed in meters per minut
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. ndn .
Cutting speed = m/min. 3.1
gsp 100C (3.1)

Where, d is the diameter of the work in mm,
and n is the r.p.m. of the spindle or work.
Here n1d are constants, so the cutting speed depends atiesgineed.

2.4.2 FeedThe feed of a cutting tool in a lathe work is thstance the tool advances for

each revolution of the work. Feed is expressediilinmeters per revolution.

2.4.3 Depth of cut:The depth of cut is the perpendicular distance oredsfrom the
machined surface to the uncut surface of the waekep In a lathe the depth of cut is
expressed as follows.

_d2

Depth of cut = le (3.2)

Where,d, is diameter of the work surface before machining
andd, is diameter of the machined surface.
Others factors remaining constant, the depth ofvades inversely as the cutting speed.

For general purposes, the ratio of the depth ofathe feed varies from 10:1.

2.5 CHANGE OF DIFFERENT OPERATING PARAMETERS IN
LATHE MACHINE
2.5.1 Speed SelectionMain spindle RPM is selected through two shift lsveituated at

middle portion of head stock. Simplicity of contislan out-standing feature of this head
stock. Eight distinct speeds both in the forward egverse directions are achieved by the
operation of two levers. The selections of the dpese facilitated by an ergonomically
designed speed plate as shown below. The circylaeds plate has four principal
segments with two zones. Turn the speed change (éyso that the segment containing
the desired speed is brought to the top with zalnvding line in vertical position. Now

shift the lever (3) towards right or left, to belime with the zone of the desired speed.
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Fig. 2.3 Lathe controls (GNM-22)

The head stock pulley is directly driven by the amothrough ‘v’ belts. The powers
transmission inside the head stock to the maindépiis through an arrangement of gear,
which can be shifted by the two afore mentione@idsvDo not move speed change levers
3 and 4 whilst the spindle is rotating. To free #pendle for hand rotation, bring the
high/low lever (3) to middle position.

21



2.5.2 Feed selectionFeed motion direction is selected by lever (27) hwadstock.

Neutral position of this lever cuts off drive toetktrain completelyGNM- 22 lathe is

fitted with universal feed box permitting changenfr inch to metric and vice versa by
flip of a lever on the feed box. Feeds directlyide are given on the data plate fitted
on the front of head stock with the settings oftomnlevers, it should be noted that to
operate feed selector knob (24) feed selector lesler (25) should be brought to
disengage position. After the knob has been mowedesired position the lever (25)
should be turned back engage. Bring lever (27)neutral’ before shifting feed box

levers.

2.5.3 Depth of cut:The cross-slide (7) rides on the carriage and hieed screw that
travels perpendicular to the main spindle axis.sThermits facing operations to be
performed, and the depth of cut to be adjusteds Tded screw can be engaged, through a
gear train, to the feed shaft to provide automgpedver feed' movement to the cross-
slide. On most lathes, only one direction can bgaged at a time as an interlock

mechanism will shut out the second gear train.
In the whole experiment, the turning operation dase by only using the single point

cutting tool (HSS). The different materials such Adsminum (pure), Brass (yellow
brass), Mild steel and Stainless steel (306) weeslu
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CHAPTER 3
LITERATURE REVIEW

A lot of research work has been carried out througithe world to investigate and
analyze the noise generated by centre lathe maehiddgferent operating parameters as
cutting speed, feed and depth of cut. A brief revod literature is being presented here.

R.A. Collacott [1] discussed the purpose of monitoring the condittdnmachine
components there is evidence to suggest that gggng of sound spectra and comparison
with a reference spectrum can aid in the formabérdecisions regarding individual
components of a machine. Since most machines @p@matnclosures among other
machinery, it is important to assess the problemslved in isolating individual sound

sources under such conditions.

This investigation explored the response of six mra tools in a workshop when

operating individually (solo) and together (simokausly). Studies are made of the
respective time-domain wave forms, decibel-freqyespectra (sound signatures) and
power spectral density-frequency spectra. A corsparihas been made between the
resulting power spectral density spectra when altlmimes are working together and the
computer-summated spectra of the machines whenngimmdividually. There is reason

to believe that the discrete frequencies of separamponents within a machine can be
separated from the sound in a multiple-source samironment. Results suggest that
the greatest sensitivity is likely to be achievathim the frequency range 100 to 600 Hz
and that higher frequency effects may be influenmgdield reverberation effects of the

enclosure.

E.J. Richards, M.E. Westcott and R.K. Jeyapalan [2]studiedthe introduction of

legislation regarding the limits of noise in fadtsr has led to the need for prediction of
likely noise levels produced by a machine at itsigie stage. This paper, the first of a
series, is concerned with the noise generated ppdéting bodies due to the high surface
accelerations during the contact period. An accasnpresented of the theoretical

development and experimental validation of curves the prediction of peak sound
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pressure and radiated energy for collisions of axhppodies which are incapable of
flexural motions. It is shown that acceleration seoienergy is of the same order of
magnitude as that due to ringing, that it cannogteater than 1-5 x 1Dtimes the kinetic

energy input at impact, and that it falls off rdpichs the normalized contact time

increases above a critical value.

Erkki Jantunen [3] presented a summary of the monitoring methodsatmmalysis and
diagnostic techniques for tool wear and failure rooimg in drilling that have been
tested and reported in the literature. The papeersoonly indirect monitoring methods
such as force, vibration and current measuremeatsjirect monitoring methods based
on dimensional measurement etc. are not includigghabanalysis techniques cover all
the methods that have been used with indirect meamnts including e.g. statistical
parameters and Fast Fourier and Wavelet Transforty. a limited number of automatic
diagnostic tools have been developed for diagrafdise condition of the tool in drilling.
All of these rather diverse approaches that haea la@ailable are covered in this study.
In the reported material there are both succesgestand also those that have not been so
successful. Only in a few of the papers have atternpen made to compare the chosen
approach with other methods. Many of the papery qukesent one approach and
unfortunately quite often the test material of sfwedy is limited especially in what comes
to the cutting process parameter variation, i.eiatian of cutting speed, feed rate, drill

diameter and material and also work piece material.

WimDesmet, Paul Sas, ReeneBoonon and Greg Pinte [43tudied about the&oise
pollution, caused by industrial activities, is ancreasing environmental problem.
Especially in machine halls with working machinests as punching machines, presses
and, generating impact noise, the radiated noiga Ie too high to meet the regulations
for noise emission. The objective of this projextto develop silent machine tools and
taking measures over the machine structure, tomwls@mponents of punching machines
and metal working presses. To attain this objectimeovative concepts in acoustic
structural control (ASAC) and active noise conif&NC) will be used to develop new

devices combining passive elements with active aorapts.

The program started with the identification of timse sources and transfer paths on the

machines. This was carried out by means of measmsnmand FEM simulations. Once
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the main noise sources were identified, the dewvetor of noise attenuation devices
started. New algorithms, specific for transient segiwere developed to control the
devices. The optimal spatial configuration of tlhesen sensors and actuators, which has
great influence on the efficiency of the contradtgyn, is determined. This work is carried
out on a small scale representative demonstratased on the obtained results, the

devices will be redimensioned for the large scademmes and evaluated.

Kurasawahideo, Hanedayoshiaki and Miyaoyoshikazu 5] studied about recently
environmental problem becomes important more ancenmodomestic and overseas. The
region of this problem has the very wide field liglmbal warming, deforestation, acid
rain. Here, the noise in the environment was ndtie@d also authors had the interest for
the noise in the working environment. In this papése noise of machine tool in
technology education center in our school was nredshy the sound level meter. The
results show that the noise level of the most mreciwol does not exceed the working

environment criteria for the noise.

Hingginson and R.FE [6] discussed the noise pollution caused by indusagtvities is

an environmental problem with increasing importameeEurope. Most mechanical
machinery, specially machine tools, produce exeessioise and workers can suffer
physical and psychological harm in the long ternithdugh a number of European
directives regulate noise emissions, machinery nsakave no guides for noise diagnosis
and acoustic solutions to achieve these limitsilWotv most of the work done to reduce
noise levels is related to global machine enclas@rainly by end users), which is not an
efficient solution. In this project the problem tackled by machine makers, defining
appropriate strategies that combine simultaneawaslyand structural modifications, and
damping/absorbent devices. This way better resutbe obtained with less cost than the

traditional enclosures approach, increasing alsoufa@turer’'s competitiveness.

KarthikeyanSampath, Shiv G. Kapoor and Richard E.Devor [7] studied a cutting
noise prediction model is developed to relate thteec-work piece vibrations to the sound
pressure field around the cutter in the high-sp@ed-milling process. The cutter-work
piece vibration data are obtained from a dynamiccharistic face-milling force
simulation model. The total noise predicted, bamethoth cutting noise and aerodynamic

noise prediction, compares well to the noise olexperimentally in the face-milling
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process. Using the model, the effects of varioushiming and cutter geometry
parameters are studied. It is shown that cuttemgéy, machine dynamics, and cutting

speed all play important roles in determining ollgraise in face milling.

Desmons L. and Kergomard J[8] studied the standard, together with the basic noise
emission standards, describes the mechanical angstazal specifications necessary for a
reproducible test method for the determinationidfane noise emitted by woodworking
machines. In normative annexes operating conditiomsrophone positions and data
sheets for the measurement of the noise emissid® ¢fypes of woodworking machines

are specified.

Lars Hakansson, Sven Johansson, Ingvar Claesson [$fudied a frequent problem in

the manufacturing industry today is the vibrationghatter induced by metal cutting, e.qg.
turning, milling and boring operations. Vibratioimsboring operations or internal turning

operations, for example, are inevitable and canstita major problem for the

manufacturing industry. Tool vibrations in metaktowg affect the result of machining,

particularly the surface finish. Furthermore, tdié is correlated with the degree of
vibration and acoustic noise introduced. Generatlg] vibrations are related to a low-
order bending mode of, for example, the tool hoklank in external turning, the boring
bar in internal turning, spindle-cutter assemblymilling, etc. Tool chatter or vibration

problems in internal turning or milling may be reedd, for example, by using boring bars
and milling adapters with passive tuned dampergsé&hare usually manually tuned to
increase the dynamic stiffness of the boring bamdling adapter at one of the eigen
frequencies of its low-order bending modes. Actigatrol approaches for the attenuation
of the bending motion of boring bars, tool holdearsks and spindle-cutter assembly in
milling have been developed; such approaches ievbbth adaptive and time-invariant
feedback control. In addition, prediction and cohtnethods for controlling cutting data
to maintain stable cutting, i.e. to avoid cuttingta resulting in chatter, have been

developed.
Astrup Torben [10] studied the noise generation by impacting bodies tduthe high
surface accelerations during the contact perioda¢gount is presented of the theoretical

development and experimental validation of curves the prediction of peak sound
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pressure and radiated energy for collisions of axhppodies which are incapable of
flexural motions It is shown that acceleration Boenergy is of the same order of
magnitude as that due 10 ringing, that it cannogteater than 1.5 x 10e4 times the
kinetic energy input at impact and that it fall$ @pidly as the normalized contact time

increases above a critical value.

Cutler-Hammer [11] studied the most troublesome electrical noise surdndustrial
control systems, the ““showering arc," and theltieg induced noise in adjacent lines is
characterized by oscillograms and other measureamkng shown that shunt capacitance
due to wiring can increase the severity of thissaoilransient voltage peaks of 17 000 V
have been observed; 2000 V peaks are common iv120-systems. Malfunction of
control systems due to these transients can besipt@y by proper isolation shielding
techniques or elimination of the noise at its seuk method to provide assistance in the
selection of a capacitor quench circuit is presnséowing that capacitors of not more

than 0.5 AuF are adequate.

P.E. Gygax [12]discussed the Cutting dynamics should not beicestr only to self-
excited chatter vibrations. Transient disturbanaes superimposed on stable working
conditions and these dynamic components providduluseformation on the real
behavior of the whole machining process. Cuttingastyics therefore include the analysis
of such signals in the entire frequency range. #roduction to the basic dynamics of
milling processes is presented. Milling is a cwtwperation during which the periodic
sequence of cutting edges generates periodic tigrals with discrete force and
vibration spectra. A single cutting pulse from theries of successive cuts leads to a
periodic time function and thus to a continuouscspen. Since the dynamic behavior is
known at all frequencies a study of the influen€evarious cutting conditions and the
interactions between the cutting process and thehima tool structure is possible. The
discrete spectrum of a real cut involving many lHeetin be deduced from the
corresponding single cutting pulse. A simple cgttiorce model was assumed in the
theoretical analysis in order to give an initialgh idea of the fundamental properties of
the milling pulses (frequency content of the spedpatial excitation locus and excitation
ratio) as a function of the most important paramse{eotal cutting angle, up and down
milling, symmetrical and asymmetrical cut and numbfketeeth). The computed results

were compared with experimentally obtained data.
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M.F. White and R.G. White [13] studiedthe current trend in dynamic testing is towards
short duration, transient testing in the field doled by detailed computer analysis of the
data at some later time. For many applicationgstesust be carried out in a noisy

environment, such as in frequency response stadlieperating machinery and vibration

tests on buildings or ships where the excitatiowgrosource is small and produces a low
level response compared with ambient vibrationlievEhe use of time domain averaging
is demonstrated and it is shown to be a suitalglgatienhancement procedure for testing
in poor signal to noise ratio conditions, when gsantransient excitation technique. The
limitations and accuracy of the technique are dised and examples of practical

application are given.

Kaminski T. and Wendeker M. [14] presented an overview of observations from almost
1.5 years of practical experience with acoustiemsity measurements. The often difficult
working conditions of acoustic consultants meart tha tend to make demands on the
measuring methods and the instrumentation thaeptiyscannot easily be met. Therefore
the instrumentation should be improved in ordemntrease both the dynamic and the
frequency range. Further development of “real-timoghtrol of measurement quality is
also desirable, i.e. the possibility of surveyirge tquality of the result during or

immediately after the measurement is performed.

S. Devos, B. Stallaert, G. Pinte, W. Symens, P. Saisd J. Swevers [15ktudiedthis
paper presents an active bearing for reducing ddeated noise of rotating machinery.
This modular bearing uses piezo stacks for actonadiod both force and acceleration

measurements as sensing signal.

The bearing is tested on an experimental test betpasing a rotating shaft, which is

mounted in a frame. Noise is radiated by a pla& hattached to the frame. The set-up
is designed such that in the frequency range dadréist, up to 1 kHz, several plate
resonances, frame resonances and the shaft resoshow up. To evaluate different

control approaches, a simplified model of the setia@ made. Based on the simulation
results, a combination of feedback and repetitvetiollers are implemented, using force
are acceleration signals. This way, a noise rednaif more than 10 dB is achieved at the

most important resonance frequencies of the sybdow 1 kHz. Experiments have also
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shown that the shaft vibration is significantly wedd around its resonance frequency,

which is also beneficial with respect to fatiguel &ilure of the machine.

E. Buckwar, R. Kuske, B. L. Esperance, and T. Soclf] considered the effect of
random variation in the material parameters in alehdor machine tool vibrations,
specially regenerative chatter. We show that flattuis in these parameters appear as
both multiplicative and additive noise in the mod&le focus on the effect of additive
noise in amplifying small vibrations which appear subcritical regimes. Coherence
resonance is demonstrated through computations, isndroposed as a route for
transitions to larger vibrations. The dynamics asibit scaling laws observed in the

analysis of general stochastic delay differentiatieis.

Matti Rantatalol, Kourosh Tatar and Peter Norman [17] studied of finding an
optimum process window to avoid vibrations duringamning is of great importance;
especially when manufacturing parts with high aacyr and/or high productivity
demands. In order to make more accurate predictbtise dynamic modal properties of
a machining system in use, a non-contact methodeafsuring vibrations in the rotating
spindle is required. Laser doppler viborometry (LD¥)a non-contact method, which is
commonly used for vibration measurements. The wprksented consists of an
investigation into the use of LDV to measure vilmas of a rotating tool in a milling
machine, and the effects of speckle noise on meammt quality. The work
demonstrates how the axial misalignment and thaedwoess of a polished shaft can be

evaluated from LDV measurements.

Jonasson, H.G. [18]studied this project proposes the noise measurement and the
operator’s noise exposure evaluation for both tiaal and NC (Numerical Control)
machine tools. Six types of traditional machinel¢psuch as the lathe, mill machine,
horizontal push cut shaper, surface grinder, dmlachine, abrasive machine are
considered as well as the NC lathe and NC maclengec One of the objectives of the
project is to determine the sound power level otz tools and so forth the machine
noise level can be declared. Another is to detezntiie machine’s exposure. The daily
exposure of the operator can then be evaluatedop@eating conditions of each machine
tool, including both the work cycle and singulgpeyconditions, are first defined. The A-

weighted sound pressure level of the machine taal then be measured at a defined
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measurement point, so as to determine the soundrgewel. Both the time domain data
will be recorded for further evaluation of machiels noise. The machine noise level
can also be declared. In order to determine thehmacexposure, the microphone is
positioned near the operator's ear. The A-weighgednd pressure level can then be
measured for both work cycle and singular type ajey conditions. The 5-dB

equivalent sound pressure level is calculated farkwcycle conditions, while the

equivalent sound pressure level is determined ifggusar type conditions. The machine
exposure can then be obtained based on the meamireesult. The operator's daily

exposure can then be further determined accorditiget actual operating conditions. The
predicted exposure will also be compared with o@-sneasurement of a dose meter
imposed on the operator for the verification of rediction method. The proposed
project can not only provide a systematic methoglpltor the evaluation of machine

noise but also present the method for the prediaifcthe operator's exposure. The noise
declaration technique of machine tools is very inga and requirement for the

manufacturers who intend to export their produdsEC countries. Based on the
measurement results, the factory noise can alséuttteer evaluated. The developed
evaluation technique can be applied to other tyglesnachines and adopted for the

legislation concern of worker’s hearing damage.

Pichai Pamanikabud, Prakob Vivitjinda [19] discussed théaser doppler vibrometry
(LDV) is a well-established non-contact method, owenly used for vibration
measurements on static objects. However, the metlgdimitations when applied to
rotating objects. The LDV signal will contain petioally repeated speckle noise and a

mix of vibration velocity components.

In this paper the crosstalk between vibration vigjocomponents in laser vibrometry
measurements of a rotating dummy tool in a millmgchine spindle is studied. The
spindle is excited by an adaptive magnetic beai#igB) and the response is measured
by LDV in one direction and inductive displacemsahsors in two orthogonal directions
simultaneously. The work shows how the LDV crosstaloblem can be avoided if the
measurement surface is optically smooth, henceLb¥é technique can be used when

measuring spindle dynamics.
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C. H. Oppenheimer and S. Dubowsky [20bresented a methodology for predicting
noise and vibration of machines and their suppbrtictires. Included is a heuristic
energy-based criterion to assess the importancedyolamic coupling between a

mechanism and its support structure based on aliBedpanalysis of a mechanism

operating on a rigid base, which neglects the éogplAlso included is an analysis

method that considers the coupling and to be udeshwthe criterion reveals important
coupling. The methodology is implemented using lyigtiealized closed form and more
elaborates numerical descriptions and is checkedinsty vibration and sound

measurements of a plate subjected to periodic itagag balls and a beam that rattles
within a clearance bearing. The energy-based mnitds found to indicate situations in

which mechanism-support coupling affects noiseatasii. In some cases the coupling is
observed to significantly affect vibration and moisadiation of the support structure,
while having a relatively minor effect on mechanisasponse. Both the simple closed
form and numerical descriptions are found to predmise trends due to variations in
machine speed and bearing clearance, and the raaindascriptions more accurately
predict overall and band levels of noise radiation.

J. S. Sexton, R. D. Milne and B. J. Stone [2Fftudied the rate at which metal can be
removed by a machine tool is often limited by timset of an instability commonly called
‘chatter’. It has been suggested that greater widthcut could be achieved without
chatter on a given machine by modulating the spirsfieed continuously. A stability
analysis is presented which gives, for any meand$pirotation speed and degree of
modulation, the limiting width of cut for chatteaef cutting. The machine tool is
represented by a simple mass/spring/damper sysieiy the case of a single cutter is
considered; however, extension of the analysis toremcomplex models is
straightforward. The analysis indicates that a rsbderease in useable width of cut is
given by using spindle speed modulation. Resules @ampared with corresponding
results obtained from an analogue computer sinaulaif the machine tool/cutter system.

The above literature survey gave an idea to tageblem on Lathe machine noise. The
aim is to study the effect of different operatingraameters like cutting speed, feed and
depth of cut on lathe machine during turning openatTo find the effectiveness of these
operating parameters on noise with different makerby measurements of acoustic

power, sound pressure level and frequency spectrum.
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CHAPTER 4
DESIGN OF EXPERIMENT

4.1 Introduction to design of experiment

Design of Experiment (DOE)is a structured, organized method that is usetttermine
the relationship between the different factors (ABgcting a process and the output of
that process (Y). This method was first developethe 1920s and 1930, B Ronald

A. Fisher, the renowned mathematician and geneticist.

Design of Experiment involves designing a set gbeziments, in which all relevant

factors are varied systematically. When the resoftshese experiments are analyzed,
they help to identify optimal conditions, the fastdhat most influence the results, and
those that do not, as well as details such asxtsteace of interactions and synergies

between factors.

DOE methods require well-structured data matrit®bken applied to a well-structured
matrix, analysis of variance delivers accurate Itesieven when the matrix that is

analyzed is quite small.

Experimental design is a strategy to gather engliknowledge, i.e. knowledge based on
the analysis of experimental data and not on thieatemodels. It can be applied
whenever you intend to investigate a phenomenoordter to gain understanding or

improve performance.

Design of Experiments (DOE) is widely used in reskand development, where a large
proportion of the resources go towards solving roation problems. The key to

minimizing optimization costs is to conduct as fexperiments as possible. DOE
requires only a small set of experiments and tialjgshto reduce costs.
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There are many types of design of experiments eghpti research and development but
out of which the most efficient and commonly useetimd of design of experiment is

“Taguchi”.

4.1.1 Taguchi method:

The Taguchi method involves reducing the variatioa process through robust design of
experiments. The overall objective of the methodoiproduce high quality product at
low cost to the manufacturer. The Taguchi method waveloped by Dr. Genichi
Taguchi of Japan who maintained that variation. uthg developed a method for
designing experiments to investigate how differeparameters affect the mean and
variance of a process performance characteristit diefines how well the process is
functioning. The experimental design proposed bygutai involves using orthogonal
arrays to organize the parameters affecting thegsoand the levels at which they should
be varies. Instead of having to test all possibielzinations like the factorial design, the
Taguchi method tests pairs of combinations. Thiswa for the collection of the
necessary data to determine which factors mosttaffieoduct quality with a minimum
amount of experimentation, thus saving time andueses. The Taguchi method is best
used when there are an intermediate number of btasa(3 to 50), few interactions
between variables, and when only a few variablesribute significantly.

4.1.1.1 Orthogonal arrays:

Taguchi’'s orthogonal arrays are highly fractionakigns, used to estimate main effects
using only a few experimental runs. These desigasnat only applicable to two level
factorial experiments, but also can investigatennediects when factors have more than

two levels.

An orthogonal array is a type of experiment whdre tolumns for the independent

variables are “orthogonal” to one another.

The Taguchi arrays can be derived or looked up.llSamays can be drawn out manually;
large arrays can be derived from deterministic mdtigams. Generally, the arrays are
selected by the number of parameters (variabled) thte number of levels (states).
Analysis of variance on the collected data fromThaguchi design of experiments can be

used to select new parameter values to optimiz@é¢h®rmance characteristic. The data
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from the arrays can be analyzed by plotting the @daid performing a visual analysis,

ANOVA, bin yield and Fisher's exact test, or Chuarpd test to test significance.

4.1.1.2 Taguchi Method Design of Experiments

The general steps involved in the Taguchi Methedaarfollows:

1) Define the process objective, or more specifically, target value for a
performance measure of the process. This may bewaréte, temperature, etc.
The target of a process may also be a minimum eimuan.

2) Determine the design parameters affecting the gsodearameters are variables
within the process that affect the performance mm@asuch as temperatures,
pressures, etc. that can be easily controlled. filmmber of levels that the
parameters should be varied at must be specified.

3) Create orthogonal arrays for the parameter desiditating the number of and
conditions for each experiment. The selection tagonal arrays is based on the
number of parameters and the levels of variatioreézh parameter.

4) Conduct the experiments indicated in the completedy to collect data on the
effect on the performance measure.

5) Complete data analysis to determine the effechefdifferent parameters on the

performance measure.

4.1.1.3 Determining Parameter Design Orthogonal Ay

The effect of many different parameters on theqgrarnce characteristic in a condensed
set of experiments can be examined by using tHegonal array experimental design
proposed by Taguchi. Once the parameters affeatimgpcess that can be controlled have
been determined, the levels at which these paramefieould be varied must be
determined. Determining what levels of a variabte test requires an in-depth
understanding of the process, including the minimomaximum, and current value of the
parameter. If the difference between the minimuh m@aximum value of a parameter is
large, the values being tested can be further apamore values can be tested. If the
range of a parameter is small, then less valuedbeaested or the values tested can be
closer together. For example, if the temperatura dactor jacket can be varied between
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20 and 80 degrees C and it is known that the cuoperating jacket temperature is 50
degrees C, three levels might be chosen at 20ari,80 degrees C. Also, the cost of
conducting experiments must be considered whenrdetimg the number of levels of a
parameter to include in the experimental desigmidally, the number of levels for all
parameters in the experimental design is chosédre tihe same to aid in the selection of

the proper orthogonal array.

Knowing the number of parameters and the numb&sveds, the proper orthogonal array
can be selected. Using the array selector tablerstelow, the name of the appropriate
array can be found by looking at the column and omwesponding to the number of

parameters and number of levels. Once the nameébéms determined (the subscript
represents the number of experiments that musbbwpleted), the predefined array can
be looked up. These arrays were created using goritaim Taguchi developed, and

allows for each variable and setting to be testpthlly. For example, if we have three

parameters (voltage, temperature, pressure) andetets (high, low), it can be seen the
proper array is L4. The levels designated as B &tc. should be replaced in the array
with the actual level values to be varied and P21,A3 should be replaced with the actual

parameters (i.e. voltage, temperature, etc.)

ﬁum&wﬂ’aramrﬂ!l’l
ARARAERL ?[HH AR R A A A A A A A A AR AR AR AR A

J 4[4[ 8 [ 18 (L8| |Lt2 L) L)L) LG)LIG) LG LG LS| USR| UBD| LOY| LRD| LD LRD| LS| 30 LR | 190|323 | L3012 L2

30| U9 |9 | L0 | Ul | L)L) Lar| LryLor ) Ler ) L27 | Lo | L | L3 (Lo | LIG| LiG | %G| L6 | L% | L

Misrmrbaer of L evwels=s

Table 4.1 Array selector

In our experiment, the lathe sound pressure leteloise depends upon the different
operating parameters such as depth of cut, feed@indle speed. The possible values for

each are as follows:
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In the case of Aluminium & Brass:

Parameters Levels
1 2 3 4
Depth of cut 1 mm 2mm 3 mm 4 mm
Feed 0.089 mm/rev. | 0.111 mm/rev. | 0.133 mm/rev. 0.166 mm/rev.
Speed 54 RPM 135 RPM 500 RPM 1200 RPM
In the case of Mild steel & Stainless steel:
Parameters Levels
1 2 3 4
Depth of cut 0.5 mm 1 mm 1.5mm 2mm
Feed 0.089 mm/rev. | 0.095 mm/rev. | 0.102 mm/rev. 0.111 mm/rev.
Speed 54 RPM 135 RPM 325 RPM 770 RPM

In both cases there are 3 parameters, and eachasné levels. The highest number of
levels is 4, so we will use a value of 4 when clmogp®ur orthogonal array. Using the

Table 4.2 Levels of parameters

array selector above, we find that the appropoatieogonal array is L16:

In the case of Aluminium & Brass

In the case of Mild steel & Stainless

steel
Exp. Depth Exp. | Depth of
no. of cut Feed Speed no. cut Feed Speed
(mm) | (mm/rev.) | (rpm) (mm) (mm/rev.) | (rpm)
1 1 0.089 54 1 0.5 0.089 54
2 1 0.111 135 2 0.5 0.095 135
3 1 0.133 500 3 0.5 0.102 325
4 1 0.166 1200 4 0.5 0.111 770
5 2 0.089 135 5 1 0.089 135
6 2 0.111 54 6 1 0.095 54
7 2 0.133 1200 7 1 0.102 770
8 2 0.166 500 8 1 0.111 325
9 3 0.089 500 9 1.5 0.089 325
10 3 0.111 1200 10 1.5 0.095 770
11 3 0.133 54 11 1.5 0.102 54
12 3 0.166 135 12 1.5 0.111 135
13 4 0.089 1200 13 2 0.089 770
14 4 0.111 500 14 2 0.095 325
15 4 0.133 135 15 2 0.102 135
16 4 0.166 54 16 2 0.111 54

Table 4.3 Orthogonal array
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On the basis of above orthogonal arrays, condutie@xperiment in both the cases. The
collected data from the arrays can be analyzedlbljing the data and performing a
visual analysis, ANOVA, bin yield and Fisher's exéest, or Chi-squared test to test

significance.
4.2 Analysis of variance (ANOVA)

Analysis of Variance (ANOVA) is a statistical methaised to compare two or more
means. It may seem odd that the technique is caledlysis of Variance" rather than
"Analysis of Means". The name is appropriate beeanferences about means are made
by analyzing variance.

Vari _ Sum of squares of deviations 41
ariance = Degree of freedom of factor (4-1)

For analysis of variance of the collected datahendffect of operating parameters, first to
determine the followings:
1) Sum of squares

2) Degree of freedom
4.2.1 Sum of squares:

In the experiment, calculate sum of squares fiberdint parameters such as depth of cut,

feed and speed. The formulae are as follows:

Factor Sum of Squares 5S) - Squared deviations of factok)(averages from overall

average.
kA AZ T 2
SS, =) | L ||-—
- nAi N (42)
Where,
A = Factor

A;/ny; = AVerage of all observations under A4; level
T = Sum of all observations
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T = Average of all observations /N

Na = Number of all observations und&rlevel

Total sum of square:Sum of squares of observations from overall average
5 =2
S§=>.(y-T)
i=1 (4.3)
Where,
N = Number of response observations
T is the mean of all observations

y; is the i;, response

Error Sum of Squares Squared deviations of observations from factgrg¥erages.

S$Error) = 83 - il (Sgu)

(4.4)
Where,
SSi = Facor sum of square rf factor
4.2.2Degree of freedom:
Rules:
1) The overall mean always uses one degree of freedom.
2) For each factor A, B, C.....; if the number of lewt nA, nB, ..., for each

factor, the degree of freedom = number of levels — fgr example the degree
of freedomfor factorA = na-1 and B = rs-1.

3) For any two factor interaction, for exampl@B interaction the degree of
freedom = (nA-1)*(nB-1).
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In the experiment,

Number of experiment = 16
Number of factor = 3
Number of levels = 4

Now,

Total degree of freedom =16 -1 =15
Degree of freedom for each factor =4 - 1=3
Degree of freedom for all factors =3*3 =9
Degree of freedom for error=15-9=6

4.2.3 F-Test:The F- test is most commonly used in Analysis ofis&fece (ANOVA). The

formula is,

variance of factor
F = - (4.5)
variance of error

4.2.4 T-Test:A statistical test comparing the distribution obtmeans or proportions for
the purpose of determining whether they are sicguifily different.

4.2.5 F—critical value: It provides the significant status of the indivitddiactor which
affecting the measure, whether the factor is sicgnift or not.
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CHAPTER 5

EXPERIMENTAL SET-UP AND MEASUREMENTS

5.1 Experimental Set-up
To study the noise generated by an lathe machiveepéarameters like sound pressure
level are required to study in different operatoanditions like cutting speed, feed and

depth of cut. Experimental set up of centre latlaemme is shown in fig. 5.1.

g

-

Fig. 5.1 Centre Lathe Machine
The machine was manufactured by PADMINI LATHES (H)D. The modal name is

ENERGY GNM-22. This lathe machine consists of vasicontrol panels to control feed,

cutting speed and depth of cut.
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The technical specifications of lathe machine aréolows:

BED
Length of bed : 1554 & 1800 mm
Width of bed : 240 mm
CAPACITY
Height of center : 175 mm
Distance between centers : 700 & 1000 mm
Swing over bed : 350 mm
Swing in gap : 510 mm
Swing over cross slide : 200 mm
HEAD STOCK
Hole through spindle - 40 mm
No. of spindle speeds : 8, 54-1200 RPM.
Types of spindle nose : taper nose

Taper bore in spindle sleeve : MT-3
THREADS & FEEDS

Metric : 48/ 0.25-15
Inch : 48/ 2-120
Longitudinal feeds : 24/ 0.03-2.0 mm/rev.
SADDLE & SLIDES
Cross slide travel 225 mm
Top slide travel - 75 mm
TAIL SOCK
Maximum travel of sleeve  : 110 mm
Morse taper of sleeve : MT-3
ELECTRICALS : 2 H.P. Motor, 50 Hz., 440 V-AC.

5.2 Measurements

Measurement procedure of different noise parametarsin calculation of sound power,
measurement of sound pressure level at differecations (A, B, C, D & E ) and
measurement of sound pressure level for frequepegtsim in 1-1 octave band are

discussed below:
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5.2.1 Measurement of Sound PowerCalculation of sound power is done by two
methods rectangular parellelopiped and hemispharellplopiped. In the present work,
rectangular parallelepiped method is used becaes@mm dimension of a machine is
greater than 1m. In this method, the first stepoismake a grid according to the
dimensions of machine. The grid is made by pla@ingnachine at centre position and
with the help of wire at required positions mark tiifferent points. There are 17 Grid
points for machine as shown in figure 5.2. Sounesgure level can be measured for
every grid point for different cutting speed, fedlepth of cut. Value of Sound pressure
level is measured in A-weighting at slow response tnerefore by using the formula,
calculate the sound power L The measured data for SPL is given from Table-1 to
Table-4 in Appendix-A. The method for calculatirg tbyy from sound pressure level is
given in Appendix-D.

Fig. 5.2 Showing 17 grid points

5.2.2 Measurement of Sound Pressure Level at diffent points near machine:Sound
pressure level is measured at four different locetiand these four locations (A, B, C, D
& E) are at a distance of 0.5 m from centre at eagé of armachine as shown in figure
5.3. These measurements helped to find out thatitocwhere maximum Sound pressure
level occurs. The measured data at five locatién®( C, D & E) are given from Table-1

to Table-8 in Appendix-B.
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Fig. 5.3 Location of points A, B, C, D and E

5.2.3 Measurement of Sound Pressure Level for Fregacy Spectrum in 1-1 Octave
band: The value of sound pressure level at 1-1 octavel lgaves the maximum and
minimum value at particular frequency.

Fig. 5.4 Sound level meter

Frequency spectrum analysis has been carried dbaatocation where sound pressure
level is maximum for different cutting speed, fesmtl depth of cut. The data of SPL is
recorded in software “CESVA CAPTURE STUDIO”. The asared data for frequency
spectrum is given from Table-1 to Table-4 in App&rd.
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CHAPTER 6
RESULTS AND DISCUSSIONS

After all the measurements, it is required to studg effect of different operating
parameters for different materials during turnimg@tion. Analysis have been done for
acoustic power, sound pressure level at differecations (A, B, C, D & E) and sound
pressure level for frequency spectrum in 1/1 octaaved.

6.1 Analysis for Acoustic Power

Analysis for acoustic power was carried out for widerent cases such as Aluminium &
Brass and Mild steel & Stainless steel under theetlvarying parameters i.e. depth of cut,
feed & spindle speed. For the case Aluminium & Brakepth of cut varies from 1 mm to
4 mm, feed varies from 0.089 mm/rev. to 0.166 mm/amd spindle speed varies from 54
RPM to 1200RPM. For the another case Mild steelt&irfless steel, depth of cut varies
from 0.5 mm to 2 mm, feed varies from 0.089 mm/tev0.111 mm/rev. and spindle
speed varies from 54 RPM to 770 RPM. Analysis shtiesvariation between acoustic
power and varying parameters i.e. depth of cut] #epindle speed. The measured data
is given from Table-1 to Table-4 in Appendix-A.
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6.1.1 Acoustic power in the case of Aluminium & Bras:

For Aluminium: The values of acoustic power ) under different parameters are

shown below:

Exp. no. | Depth of cut Feed Speed Lw (dB(A))
(mm) (mm/rev.) | (rpm) | (ref. 10 w)

1 1 0.089 54 82.7
2 1 0.111 135 82.6
3 1 0.133 500 85.3
4 1 0.166 1200 84.4
5 2 0.089 135 83

6 2 0.111 54 82.9
7 2 0.133 1200 87.1
8 2 0.166 500 85.6
9 3 0.089 500 88.1
10 3 0.111 1200 88

11 3 0.133 54 82.8
12 3 0.166 135 83.1
13 4 0.089 1200 88

14 4 0.111 500 85.6
15 4 0.133 135 83.5
16 4 0.166 54 83.1

Table 6.1 Acoustic power for Aluminium

Now, on the basis of Taguchi design of experimtg,analysis of variance and F-Test

for Aluminium have been done. The values are shioslow:

Parameters | Sum of squares | Degree of freedom | Variance | F-Test

Depth of cut 6.8 3 2.3 35
Feed 3.8 3 1.3 2
Speed 51.6 3 17.2 27
Total 66.1 15 4.4 -
Error 3.8 6 0.6 -

Table 6.2 Analysis of variance for Aluminium

From the above values of the F-Test, the most tfiggparameter on noise out of all the

parameters is speed.
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For Brass: The values of acoustic power (). under different parameters are shown

below:

Exp. no. | Depth of cut Feed Speed Lw (dB(A))
(mm) (mm/rev.) | (rpm) | (ref. 10% w)

1 1 0.089 54 84.4
2 1 0.111 135 87.5
3 1 0.133 500 86.5
4 1 0.166 1200 90.2
5 2 0.089 135 84.3
6 2 0.111 54 83.9
7 2 0.133 1200 91

8 2 0.166 500 88.7
9 3 0.089 500 89

10 3 0.111 1200 93.7
11 3 0.133 54 84.7
12 3 0.166 135 85.6
13 4 0.089 1200 91.3
14 4 0.111 500 91.4
15 4 0.133 135 88.6
16 4 0.166 54 85.1

Table 6.3 Acoustic powerrfBrass

Now, on the basis of Taguchi design of experimtrg, analysis of variance and F-Test
for Brass have been done. The values are showwbelo

Parameters | Sum of squares | Degree of freedom | Variance | F-Test
Depth of cut 11.7 3 3.9 2.3
Feed 8.9 3 3 1.8
Speed 1111 3 37 22.2
Total 141.7 15 9.4 -
Error 10.0 6 1.7 -

Table 6.4 Analysis of variance for Brass

From the above values of the F-Test, the most &figparameter on noise out of all the
parameters is speed.
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6.1.2 Acoustic power in the case of Mild steel & Sinless steel:

For Mild steel: The values of acoustic powery{).under different parameters are shown

below:
Exp. no. | Depth of cut Feed Speed Lw (dB(A))
(mm) (mm/rev.) | (rpm) | (ref.10%*w)

1 0.5 0.089 54 83.3
2 0.5 0.095 135 834
3 0.5 0.102 325 85.8
4 0.5 0.111 770 91.3
5 1 0.089 135 83.7
6 1 0.095 54 83.1
7 1 0.102 770 91.5
8 1 0.111 325 84.7
9 1.5 0.089 325 83.8
10 1.5 0.095 770 88

11 1.5 0.102 54 83

12 15 0.111 135 83.2
13 2 0.089 770 88.7
14 2 0.095 325 83.9
15 2 0.102 135 83.3
16 2 0.111 54 82.9

Table 6.5 Acoustic power for Mild steel

Now, on the basis of Taguchi design of experimtg,analysis of variance and F-Test

for Mild steel have done. The values are shownwelo

Parameters | Sum of squares | Degree of freedom | Variance | F-Test

Depth of cut 6.7 3 2.2 7.3
Feed 4.1 3 1.4 4.5
Speed 119.7 3 39.9 131.4
Total 132.2 15 8.8 -
Error 1.8 6 0.3 -

Table 6.6 Analysis of variance for Mild steel

From the above values of the F-Test, the most tfigparameter on noise out of all the

parameters is speed.
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For stainless steel:The values of acoustic powery}. under different parameters are

shown below:

Exp. no. | Depth of cut Feed Speed Lw (dB(A))
(mm) (mm/rev.) | (rpm) (ref. 10 w)

1 0.5 0.089 54 82.6
2 0.5 0.095 135 83.1
3 0.5 0.102 325 83.4
4 0.5 0.111 770 87.7
5 1 0.089 135 85.6
6 1 0.095 54 83.8
7 1 0.102 770 90.1
8 1 0.111 325 86.7
9 1.5 0.089 325 90.3
10 1.5 0.095 770 91

11 1.5 0.102 54 85

12 1.5 0.111 135 85.7
13 2 0.089 770 87.1
14 2 0.095 325 89.5
15 2 0.102 135 88.8
16 2 0.111 54 89.2

Table 6.7 Acoustic power for Stainless steel

Now, on the basis of Taguchi design of experimtg,analysis of variance and F-Test

for mild steel have been done. The values are shmhlow:

parameters | Sum of squares Degree of freedom | Variance | F-Test
Depth of cut 46.7 3 15.6 2.9
Feed 1.6 3 0.5 0.1
Speed 35.5 3 11.8 2.2
Total 116.1 15 7.7 -
Error 32.3 6 54 -

Table 6.8 Analysis of variance for Stainless steel

From the above values of the F-Test, the most tfiggparameter on noise out of all the

parameters is speed.
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After evaluating the acoustic power under differpatameters, the T-test for both the
above cases has been done. In all cases, the atattwdcoustic power is given from
Table-1 to Table-4 in Appendix-A.

6.1.3 T-test analysis for acoustic powerFor comparing the acoustic power in both
cases.

For the case of Aluminium & Brass:

Aluminium Brass
X (Lw) (X = X) (X = X)? Y (Lw) Y -Y) (Y =Y)?

82.7 -2 4 84.4 -3.5 12.3
82.6 2.1 4.4 87.5 -0.4 0.2
85.3 0.6 0.4 86.5 -1.4 2
84.4 -0.3 0.1 90.2 2.3 5.3

83 -1.7 2.9 84.3 -3.6 13
82.9 -1.8 3.2 83.9 -4 16
87.1 2.4 5.8 91 3.1 9.6
85.6 0.9 0.8 88.7 0.8 0.6
88.1 3.4 11.6 89 1.1 1.2

88 3.3 10.9 93.7 5.8 33.6
82.8 -1.9 3.6 84.7 -3.2 10.2
83.1 -1.6 2.6 85.6 -2.3 5.3

88 3.3 10.9 91.3 3.4 11.6
85.6 0.9 0.8 91.4 3.5 12.3
83.5 -1.2 1.4 88.6 0.7 0.5
83.1 -1.6 2.6 85.1 -2.8 7.8
¥ X T(X=X) | (X=-X)? yY TY-Y) | Z(Y-Y)?

=1355.8 =0 =65.9 =1405.8 =0 =141.4

Table 6.9 Calculation of T-test analysi®f Aluminium and Brass

% - 1355.8 847 g - 1405.8 870 61
16 16 (6.1)
Heren=16,n=16

2 _ 1 VAV _wv\2| —

2= — |5 (X-X)?+X(Y-Y)?| =69 (6.2)

Under null hypothesis (s}
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— Y_
- 1 1
2(_—_ —_
\/s—(n1+n2)

T

Y

84.7 — 87.9

N 1 1
V6.92(— + —
6.9 16+16)

=—1.32

Tabulated §osfor (16+16-2) = 30 degree of freedom is 2.04.

Since calculated ‘T’ is less than tabulated ‘T’y Khay be accepted at 5% level of

(6.3)

(6.4)

significance and we may conclude that the two madtedo not differ significantly as

regards their effect on increase in acoustic power.

For the case of Mild steel & Stainless steel:

Mild steel Stainless steel
X(Lw) | (X-=X) (X = X)? Y (Lw) Y -Y) (Y -Y)?

83.3 -1.9 3.61 82.6 4.3 18.5
83.4 -1.8 3.2 83.1 -3.8 14.4
85.8 0.6 0.4 83.4 -3.5 12
91.3 6.1 37.2 87.7 0.8 0.6
83.7 -1.5 2.3 85.6 -1.3 2
83.1 -2.1 4.4 83.8 -6.3 40
91.5 6.3 39.7 90.1 3.2 10.2
84.7 -0.5 0.3 86.7 -0.2 0
83.8 -1.4 2 90.3 3.4 116

88 2.8 7.8 91 4.1 16.8

83 222 4.8 85 -1.9 3.6
83.2 -2 4 85.7 -1.2 1.4
88.7 3.5 12.3 87.1 0.2 0
83.9 -1.3 1.7 89.5 2.6 6.8
83.3 -1.9 3.6 88.8 1.9 3.6
82.9 -2.3 5.3 89.2 2.3 5.3
X | X(X=X) | Z(X-X)? »Y T(Y-Y) | B(Y-Y)?

=1363.4 =0 =132.5 =1389.6 =0 =146.6

Table 6.10 Calculation of T—test analysis for Md steel and Stainless steel

— 13634
X = =

16

= 85.2,

Heren=16,n=16

1389.6

Y =
16

= 86.9

(6.5)
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2 1 Y2 V2| —
S =m[Z(X—X) +3(Y-Y)?| =57 (6.6)

Under null hypothesis (g}

T= X-Y (6.7)
- =1 1. :
2(_—_ —_
\/s—(n1+n2)
. 85.2—-869 042 68)
- 1 1. '
2(_—_ _
V5.7 (e +1g)

Tabulated §osfor (16+16-2) = 30 degree of freedom is 2.04.
Since calculated ‘T’ is less than tabulated ‘T’y Khay be accepted at 5% level of
significance and we may conclude that the two nedtedo not differ significantly as

regards their effect on increase in acoustic power.

6.2 Analysis for sound pressure level at differenpoints near lathe

machine in the turning operation

Before the analysis for sound pressure level demiht points, also interested to know
about the contribution of each individual parametéfiect in the variation of sound
pressure level on the basis of Taguchi method. Meithod shows the main effect plots.

Main effect plot: These plots shows the variation of each indivigheahmeter where the

multiple parameters are involved in the procesexgeriment. The measured data for

main effect plots are given in Appendix-E
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Taguchi analysis for Aluminium:

Feed (mm/rev.)

Fig. 6.2 SPL Vs Feed

Main effect plot for Depth of cut
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Fig. 6.1 SPL Vs Depth of cut
Main effect plot for Feed

80 -

79 -
= 78 - —o—APtL.
o B Pt.
©
£ 77 —A—CPt.
—
e 76 - —>D Pt.

—%—E Pt.
75
74 ; . .
0.089 0.111 0.133 0.166

52



Main effect plot for speed
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54 135 1200
Speed (RPM)
Fig. 6.3 SPL Vs Speed
At point A At point B
Parameter Significant status Parameter Significant status
Depth of cut Not significant Depth of cut Not significant
Feed Not significant Feed Not significant
Speed Significant Speed Not Significant
At point C At point D
Parameter Significant status Parameter Significant status
Depth of cut Not significant Depth of cut Not significant
Feed Not significant Feed Not significant
Speed Not Significant Speed Significant
At point E
Parameter Significant status
Depth of cut Not significant
Feed Not significant
Speed Significant

Table 6.11 Significant status
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Taguchi analysis for Brass:

0.089 0.111 0.133 0.166

Feed (mm/rev.)

Fig. 6.5 SPL Vs Feed

Main effect plot for Depth of cut
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Flg. 6.6 SPL Vs Speed

500

speed (RPM)

1200

At point A

Parameter

Significant status

Depth of cut

Not significant

Feed

Not significant

Speed

Significant

At point C

Parameter

Significant status

Depth of cut

Not significant

Feed

Not significant

Speed

Significant

At point E

Parameter

Significant status

Depth of cut

Not significant

Feed

Not significant

Speed

Significant

At point B

Parameter

Significant status

Depth of cut

Not significant

Feed

Not significant

Speed

Significant

At point D

Parameter

Significant status

Depth of cut

Not significant

Feed

Significant

Speed

Significant

Table 6.12 Significant status
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Taguchi analysis for Mild steel:

0.089 0.095 0.102 0.111

Feed (mm/rev.)

Fig. 6.8 SPL Vs Feed

Main effect plot for Depth of cut
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Fig. 6.7 SPL Vs Depth of cut
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Main effect plot for speed
85 -
84 -
83 -
82 -
81 - —¢— A Pt.
% 30 - B Pt.
'g 79 —i—CPt.
= 78 - = —><=D Pt.
w77 - == E Pt.
76 -
75 -
74 -
73 IS
54 770
Speed (RPM)
Flg. 6.9 SPL Vs Speed
At point A At point B
Parameter Significant status Parameter Significant status
Depth of cut Not significant Depth of cut Not significant
Feed Not significant Feed Not significant
Speed Significant Speed Significant
At point C At point D
Parameter Significant status Parameter Significant status
Depth of cut Not significant Depth of cut Not significant
Feed Not significant Feed Not Significant
Speed Significant Speed Significant
At point E
Parameter Significant status
Depth of cut Not significant
Feed Not significant
Speed Significant

Table 6.13 Significant status
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Taguchi analysis for Stainless steel:

Feed (mm/rev.)

Fig. 6.11 SPL Vs Feed

Main effect plot for depth of cut
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Fig. 6.10 SPL Vs Depth of cut
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Main effect plot for speed
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speed (RPM)
Fig. 6.12 SPL Vs Speed
At point A At point B
Parameter Significant status Parameter Significant status
Depth of cut Not significant Depth of cut Not significant
Feed Not significant Feed Not significant
Speed Significant Speed Significant
At point C At point D
Parameter Significant status Parameter Significant status
Depth of cut Not significant Depth of cut Not significant
Feed Not significant Feed Not significant
Speed Significant Speed Not significant
At point E
Parameter Significant status
Depth of cut Not significant
Feed Not significant
Speed Significant

Table 6.14 Significant status
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On the basis of above main effect plots, summatiee significant status for each
parameter for different locations. The value dewdihe significance is 9.78 at the 99%
confidence level. It means that the value of F-st&iuld be greater than 9.78 for the
significance of particular factor. The measureadat the significant status is given from

Appendix-E.

6.2.1 Sound pressure level in the case of Aluminiu Brass

Analysis for sound pressure level was carried odiva different locations (A, B, C, D
and E) under three different parameters i.e. deptut, feed and speed. The depth of cut
varies from 1 to 4 mm, feed varies from 0.089 tt66.mm/rev. and speed varies from 54
to 1200 RPM. Analysis shows the variation betwemmsd pressure level and speed at all
locations with varying depth of cut and feed partarse The measured data is given from
Table-1 to Table-4 in Appendix-B.

Sound pressure level at location A:
1) Depth of cut: Sound pressure level is measured by keeping théh dipcut
constant and varies the feed and speed. The casopdietween sound pressure

levels for Aluminium and Brass at location A arewh in fig. 6.13 to 6.16.

Depth of cut=1 mm
85 - % o e 3
o — — —
84 - o o o o
3 83 - =¢— Aluminium
-c:s 82 - Brass
= Feed=
81 -
< 0.089,
2 80 0.111,
§ 79 - 0.133,
E 78 - 0.166
a 77 - (mm/rev.)
(7]
76
75
54 135 500 1200
Spindle speed (RPM)
Fig. 6.13 SPL at location A Vs Spindle speed
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Depth of cut =2 mm

Spindle speed (RPM)

Fig. 6.15 SPL at location A Vs Spindle speed
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g 80 0.111,
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Y 75
74
73 : r : .
54 135 500 1200
Spindle speed (RPM)
Fig. 6.14 SPL at location A Vs Spindle speed
Depth of cut =3 mm
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Depth of cut =4 mm
88 1 3 - o &
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(%]
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76 -
75 : : .
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Spindle speed (RPM)
Fig. 6.16 SPL at location A Vs spindle speed
1) It is observed that the value of sound pressurel lsvincreased with increasing
speed atl mm, 2 mm and 4 mm depth of cut for bwntaterials.
2) Value of sound pressure level is less for Aluminiasncompared to Brass for any
combination of speed, feed and depth of cut.
3) At 3 mm depth of cut, value of sound pressure lev@hcreased with increasing
speed for Brass. For Aluminium it is also increaspgo the certain combination
of speed 500 RPM and feed 0.089 mm/rev. But attimbination of feed 0.111
mm/rev. and speed 1200 RPM it is decreased.
4) The major difference showed between the sound ymedsvels of Aluminium
and Brass at 2 mm and 3 mm depth of cut for thebomation of speed 1200 RPM
& 0.133 mm/rev. and 1200 RPM & feed 0.111 mm/regspectively. The
difference is 6.1 dB(A).
2) Feed: Sound pressure level is measured by keeping thte delestant and varies

the depth of cut and speed. The comparison betweend pressure levels for

Aluminium and Brass at location A are shown in 6dL7 to 6.20.
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SPL at location A in dB(A)
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Fig. 6.17 SPL at location A Vs Spindle speed

SPL at location A in dB(A)
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Fig. 6.18 SPL at location A Vs Spindle speed
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SPL at location A in dB(A)
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Fig. 6.19 SPL at location A Vs Spindle speed

SPL at location A in dB(A)
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Fig. 6.20 SPL at location A Vs Spindle speed
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1)

2)

3)

4)

It is observed that the value of sound pressurel lsvincreased with increasing
speed at feed 0.089 mm/rev., 0.133 mm/rev and Orh68Brev. for both the
materials.

Value of sound pressure level is less for Aluminiasncompared to Brass for any
combination of speed, feed and depth of cut.

At feed 0.111 mm/rev., value of sound pressurel lsvimcreased with increasing
speed for Brass. For the Aluminium it is also ias®s up to the certain
combination of speed 500 RPM and 4mm depth ofBut.at the combination of
3 mm depth of cut and speed 1200 RPM it is dectease

The major difference showed between the sound yredsvels of Aluminium
and Brass at 0.133 mm/rev. for the combinationpefesl 1200 RPM & 2 mm
depth of cut the difference is 6.1 dB(A).

Sound pressure level at location B:

1) Depth of cut: Sound pressure level is measured by keeping théh dipcut
constant and varies the feed and speed. The cauopdretween sound pressure
levels for Aluminium and Brass at location B arewh in fig. 6.21 to 6.24.

Depth of cut=1 mm
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277
76
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Fig. 6.21 SPL at location B Vs Spindle speed
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Depth of cut =2 mm
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Fig. 6.22 SPL at location B Vs Spindle speed
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Fig. 6.23 SPL at location B Vs Spindle speed
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Depth of cut =4 mm
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Fig. 6.24 SPL at location B Vs Spindle speed

1) It is observed that the value of sound pressurel lsvincreased with increasing

speed atl mm and 4 mm depth of cut for both themadd.
2) Value of sound pressure level is less for Aluminiasncompared to Brass for any

3)

4)

combination of speed, feed and depth of cut.

At 2 mm and 3 mm depth of cut, value of sound presevel is increased with
increasing speed for Brass. For the Aluminium #ls increases up to the certain
combination of feed 0.166 mm/rev. and speed 500 R feed 0.089 mm/rev.
and speed 500 RPM at 2 mm and 3 mm depth of cpecésely. But at the
combination of feed 0.133 mm/rev. & speed 1200 R&M mm depth of cut and
feed 0.111 mm/rev. & speed 1200 RPM at 3 mm deptitat is decreased.

The major difference showed between the sound yedevels of Aluminium
and Brass at 3 mm depth of cut for the combinatibapeed 1200 RPM & feed
0.111 mm/rev. The difference is 6.1 dB(A).
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1) Feed: Sound pressure level is measured by keeping thte deestant and varies

the depth of cut and speed. The comparison betweend pressure levels for

Aluminium and Brass at location B are shown in 85 to 6.28

SPL at location B in dB(A)

Feed = 0.089 mm/rev.

85 1 1 2 3 4
84 -

83 -

82 —6— Aluminium
81 - Brass
Depth of cut=

80 1 1,2,3,4(mm)

79 -
78 -
77 -
76 -
75

54 135 500 1200
Spindle speed (RPM)

Fig. 6.25 SPL at location B Vs Spindle speed

SPL at location B in dB(A)

Feed = 0.111 mm/rev.

83 1 2 1 4 3
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78 - 1,2,3,4(mm)
77 -

76 -

74
54 135 500 1200
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Fig. 6.26 SPL at location B Vs Spindle speed
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SPL at location B in dB(A)
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Fig. 6.27 SPL at location B Vs Spindle speed

SPL at location B in dB(A)
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Fig. 6.28 SPL at location B Vs spindle speed
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1) It is observed that the value of sound pressurel levincreased with increasing
speed at feed 0.089 mm/rev. and 0.166 mm/rev.dtir the materials.

2) Value of sound pressure level is less for Aluminiasmncompared to Brass for any
combination of speed, feed and depth of cut.

3) Atfeed 0.111 mm/rev. and 0.133 mm/rev., valuecainsl pressure level is increased
with increasing speed for Brass. For the Aluminiiinis also increases up to the
certain combination of speed 500 RPM and 4 mm deythcut. But at the
combination of 3 mm depth of cut & speed 1200 RRM.411 mm/rev. and 2 mm
depth of cut & speed 1200 RPM at feed 0.133 mmitey.decreased.

4) The major difference showed between the sound ymedsvels of Aluminium and
Brass at 0.111 mm/rev. at the combination of sd&8d RPM & 3 mm depth of cut.
The difference is 6.2 dB(A).

Sound pressure level at location C:

1) Depth of cut: Sound pressure level is measured by keeping théh defpcut
constant and varies the feed and speed. The cauopdretween sound pressure
levels for Aluminium and Brass at location C arewh in fig. 6.29 to 6.32.
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Fig. 6.29 SPL at location C Vs Spindle speed
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Depth of cut=2 mm

Spindle speed (RPM)

Fig. 6.31 SPL at location C Vs Spindle speed
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Fig. 6.30 SPL at location C Vs Spindle speed
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Depth of cut =4 mm
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Fig. 6.32 SPL at location C Vs Spindle speed

1) It is observed that the value of sound pressurel lsvincreased with increasing
speed atl mm and 4 mm depth of cut for both themads.

2) Value of sound pressure level is less for Aluminiasncompared to Brass for any
combination of speed, feed and depth of cut.

3) At 2 mm and 3 mm depth of cut, value of sound prestevel is increased with
increasing speed for Brass. For the Aluminium &l increases up to the certain
combination of speed 500 RPM and feed 0.166 mméed.speed 500 RPM and
feed 0.089 mm/rev. But at the combination of feelB8 mm/rev. & speed 1200
RPM and feed 0.111 mm/rev. & speed 1200 RPM iemehsed.

4) The major difference showed between the sound ymedsvels of Aluminium

and Brass at 2 mm depth of cut for the combinatibapeed 1200 RPM & feed
0.133. The difference is 6.8 dB(A).
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1) Feed: Sound pressure level is measured by keeping thte deestant and varies

the depth of cut and speed. The comparison betweend pressure levels for

Aluminium and Brass at location C are shown in 63 to 6.36.

SPL at location Cin dB(A)
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Fig. 6.33 SPL at location C Vs Spindlle speed
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Fig. 6.34 SPL at location C Vs Spindle speed
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SPL at location C in dB(A)
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Fig. 6.35 SPL at location C Vs Spindle speed
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Fig. 6.36 SPL at location C Vs Spindle speed
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1)

2)

3)

4)

It is observed that the value of sound pressurel lsvincreased with increasing
speed at feed 0.089 mm/rev. and 0.166 mm/rev.dtir the materials.

Value of sound pressure level is less for Aluminiasncompared to Brass for any
combination of speed, feed and depth of cut.

At feed 0.111 mm/rev. and 0.133 mm/rev., value @fingl pressure level is
increased with increasing speed for Brass. FoAtheninium it is also increases
up to the certain combination of speed 500 RPM4min depth of cut and speed
500 RPM and 1 mm depth of cut. But at the combamatf 3 mm depth of cut &
speed 1200 RPM at 0.111 mm/rev. and 2 mm depthtof: speed 1200 RPM at
feed 0.133 mm/rev. it is decreased.

The major difference showed between the sound yedevels of Aluminium
and Brass at 0.133 mm/rev. at the combination eédd.200 RPM & 2 mm depth
of cut. The difference is 6.8 dB(A).

Sound pressure level at location D:

1) Depth of cut: Sound pressure level is measured by keeping théh dipcut
constant and varies the feed and speed. The cauopdretween sound pressure
levels for Aluminium and Brass at location D arewh in fig. 6.37 to 6.40.
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Fig. 6.37 SPL at location D Vs Spindle speed
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Depth of cut=2 mm
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Fig. 6.38 SPL at location D Vs Spindle speed
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Fig. 6.39 SPL at location D Vs Spindle speed
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Depth of cut =4 mm
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Fig. 6.40 SPL at location D Vs Spindle speed

1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at 2 mm, 3 mm and 4 mm depth of cut for tt@hmaterials.

2) At the 1 mm depth of cut, value of sound pressenell is increased with
increasing speed for Brass. For the Aluminium iésreased at the combination
of feed 0.111 mm/rev. and speed 135 RPM and thereases for the other
combinations.

3) At 1 mm depth of cut, the sound pressure level bimAnium is higher at the
combination of feed 0.089 mm/rev. speed 54 RPM Brass.

2) Feed: Sound pressure level is measured by keeping thte delestant and varies

the depth of cut and speed. The comparison betweand pressure levels for

Aluminium and Brass at location D are shown in @gll to 6.44.
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SPL at location D in dB(A)
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Fig. 6.41 SPL at location D Vs Spindle speed

SPL at location D in dB(A)
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Fig. 6.42 SPL at location D Vs Spindle speed
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SPL at location D in dB(A)
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Fig. 6.43 SPL at location D Vs Spindle speed

SPL at location D in dB(A)
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Fig. 6.44 SPL at location D Vs Spindle speed
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1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at feed 0.111 mm/rev. and 0.166 mm/rev.dtir the materials.

2) At feed 0.089 mm/rev., value of sound pressurel lsvimcreased with increasing
speed for Brass. For the Aluminium it is decreasethe combination of feed 2
mm depth of cut and speed 135 RPM and then ingeése the other
combinations.

3) At 0.089 mm/rev., the sound pressure level of Ahiom is higher at the
combination of 1 mm depth of cut and speed 54 Riran Brass.

Sound pressure level at location E:

1) Depth of cut: Sound pressure level is measured by keeping théh dipcut
constant and varies the feed and speed. The cauopdretween sound pressure

levels for Aluminium and Brass at location E arewsh in fig. 6.45 to 6.48.
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Fig. 6.45 SPL at location E Vs Spindle speed
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Depth of cut =4 mm
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Fig. 6.48 SPLat location E Vs Spindle speed

1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at all the combinations of depth of cut, feed speed for both the
materials.

2) Value of sound pressure level is less for Aluminiasncompared to Brass for any
combination of speed, feed and depth of cut.

3) The major difference showed between the sound yedsvels of Aluminium
and Brass at 2 mm depth of cut for the combinatibapeed 1200 RPM & feed
0.133 mm/rev. The difference is 8.3 dB(A).

1) Feed: Sound pressure level is measured by keeping tltkdeestant and varies

the depth of cut and speed. The comparison betweand pressure levels for

Aluminium and Brass at location E are shown in @igl9 to 6.52.

82



SPL at location E in dB(A)
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Fig. 6.49 SPL at location E Vs Spindle speed
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Fig. 6.50 SPL at location E Vs Spindle speed
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SPL at location E in dB(A)
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Fig. 6.51 SPL at location E Vs Spindle speed

SPL at location E in dB(A)
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Fig. 6.52 SPL at location E Vs Spindle speed
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1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at feed 0.111 mm/rev. and 0.166 mm/rev.dtir the materials.

2) Value of sound pressure level is less for Aluminiasncompared to Brass for any
combination of speed, feed and depth of cut.

3) The major difference showed between the sound yredsvels of Aluminium
and Brass at 0.133 mm/rev. for the combinationpafesl 1200 RPM and 2 mm
depth of cut. The difference is 8.3 dB(A).

6.2.2Sound pressure level in the case of Mild steel & &inless steel

Analysis for sound pressure level was carried odiva different locations (A, B, C, D
and E) under three different parameters i.e. deptut, feed and speed. The depth of cut
varies from 0.5 mm to 2 mm, feed varies from 0.689.111 mm/rev. and speed varies
from 54 to 770 RPM. Analysis shows the variationwsen sound pressure level and
speed at all locations with varying depth of cull éed parameters. The measured data is

given from Table-1 to Table-4 in Appendix-B.

Sound pressure level at location A:
1) Depth of cut: Sound pressure level is measured by keeping thih @éut constant
and varies the feed and speed. The comparison &etaeind pressure levels for Mild

steel and Stainless steel at location A are shaviig.i 6.53 to 6.56.

Depth of cut = 0.5 mm
81 - & R S o
o o — —
z = b= o o .
@ 80 - +MI|.d steel
'g Stainless steel
£ Feed=
< 79 -
g 0.089,
2 | 0.095,
g7 0.102,
R 0.111
-
o (mm/rev.)
76
54 135 325 770
Spindle speed (RPM)
Fig. 6.53 SPL at location A Vs Spindle speed
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Depth of cut=1 mm
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: -
:: 81 Feed=
c 20 0.089,
.% 0.095,
g 79 0.102,
= 0.111
3 78 (mm/rev.)
w77
-
76
75 . . r : )
54 135 325 770
Spindle speed (RPM)
Fig. 6.54 SPL at location A Vs Spindle speed
Depth of cut = 1.5 mm
85 S b % o
- — o o
84 o o o o
—~ 83
g— 82 —¢— Mild steel
2 Stainless steel
< 81 Feed=
g 80 0.089,
= 0.095,
8 79 0.102,
Lol
© 78 0.111
o (mm/rev.)
v 77
76 a_
75
54 135 325 770

Spindle speed (RPM)

Fig. 6.55 SPL at location A Vs Spindle speed
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Depth of cut=2 mm
83 o S R R
o o o o
82 -
= .
T 81 - —O—Mll'd steel
-g Stainless steel
£ Feed=
; 80 0.089,
2 0.095,
'_3“ 797 0.102,
= | 0.111
= 78 (mm/rev.)
w
77 - \
76
54 135 325 770
Spindle speed (RPM)
Fig. 6.56 SPL at location A Vs Spindle speed
1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at the 1 mm and 1.5 mm of depth of cut ftr thee materials.
2) Value of sound pressure level is less for Mild lséesecompared to Stainless steel
for any combination of speed, feed and depth af cut
3) At 2 mm depth of cut, value of sound pressure legeldecreased for the
combination 0.102 mm/rev. and 135 RPM and then esmegs in other
combinations for both the materials. At 0.5 mm #ept cut, value of sound
pressure level increases at all the combinations nidd steel. But at the
combination of 0.102 mm/rev. and speed 325 RPN\ idacreased for Stainless
steel and then increases.
2) Feed: Sound pressure level is measured by keeping thte delestant and varies

the depth of cut and speed. The comparison betweend pressure levels for
Mild steel and Stainless steel at location A a@ashin fig. 6.57 to 6.60.
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SPL at location A in dB(A)
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Fig. 6.57 SPL at location A Vs Spindle speed

SPL at location A in dB(A)
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Fig. 6.58 SPL at location A Vs Spindle speed
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Feed = 0.102 mm/rev.
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Fig. 6.59 SPL at location A Vs Spindle speed
Feed = 0.111 mm/rev.
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Fig. 6.60 SPL at location A Vs Spindle speed
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1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at feed 0.095 mm/rev. and 0.102 mm/rev.dtir the materials.

2) Value of sound pressure level is less for Mild lséeecompared to Stainless steel
for any combination of speed, feed and depth af cut

3) At feed 0.089 mm/rev. and 0.111 mm/rev., value @fingl pressure level is
increased with increasing speed for Stainless .steal the Mild steel it is
decreased at the combination of 1 mm depth of csp&ed 135 RPM for feed
0.089 mm/rev. and then increases. It is also dsetkat the combination 1.5 mm
depth of cut & 135 RPM for feed 0.111 mm/rev.

Sound pressure level at location B:
1) Depth of cut: Sound pressure level is measured by keeping théh dipcut
constant and varies the feed and speed. The casopdietween sound pressure

levels for Mild steel and Stainless steel at laomatB are shown in fig. 6.61 to

6.64.
Depth of cut = 0.5 mm
82 1 % o S o
o o — —
o S o o
81 -
S —o—Mild steel
T 80 - Stainless steel
£ Feed=
= oe(fsg_
c . ]
o -
2 79 0.095,
8 0.102,
= 78 - 0.111
a / (mm/rev.)
& ,
77 -
S ——
76 . : :
54 135 325 770
Spindle speed (RPM)
Fig. 6.61 SPL at location B Vs Spindle speed
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Depth of cut=1 mm
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B 0.095
[o] 79 »
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76 : .
54 135 325 770
Spindle speed (RPM)
Fig. 6.62 SPL at location B Vs Spindle speed
Depth of cut = 1.5 mm
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e o
s
© . ]
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% 80 0.111
—
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76
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Fig. 6.63 SPL at location B Vs Spindle speed
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Depth of cut=2 mm
82 = S Q &
o o o o
81 -
< —o— Mild steel
3 80 - Stainless steel
£ Feed=
[+a]
S g 0.089,
2 0.095,
8 0.102,
= 78 - 0.111
a (mm/rev.)
wv
77
76
54 135 325 770
Spindle speed (RPM)
Fig. 6.64 SPL at location B Vs Spindle speed
1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at the 0.5 mm, 1 mm and 1.5 mm depth obculddth the materials.
2) Value of sound pressure level is less for Mild séesecompared to Stainless steel
for any combination of speed, feed and depth af cut
3) At 2 mm depth of cut, value of sound pressure legeldecreased for the
combination 0.102 mm/rev. and 135 RPM and then esses in other
combinations for both the materials.
2) Feed: Sound pressure level is measured by keeping tltedeestant and varies

the depth of cut and speed. The comparison betweand pressure levels for
Mild steel and Stainless steel at location B amshin fig. 6.65 to 6.68.
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SPL at location B in dB(A)
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Fig. 6.65 SPL at location B Vs Spindle speed
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Fig. 6.66 SPL at location B Vs Spindle speed
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Feed = 0.102 mm/rev.
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g 79 0.5,1,1.5,2 (mm)
5
- 78
Q.
(7]

76 . T T ; )

54 135 325 770
Spindle apeed (RPM)
Fig. 6.67 SPL at location B Vs Spindle speed
Feed =0.111 mm /rev.
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Fig. 6.68 SPL at location B Vs Spindle Speed
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1)

2)

3)

It is observed that the value of sound pressurel lsvincreased with increasing

speed at feed 0.095 mm/rev. for both the materials.

Value of sound pressure level is less for Mild lsésecompared to Stainless steel
for any combination of speed, feed and depth af cut

At feed 0.089 mm/rev., value of sound pressure |lesedecreased at the

combination of 2 mm depth of cut and speed 770 R&\btainless steel. For the

Mild steel it is decreased at the combination aohi2 depth of cut & speed 135

RPM and then increases in other combinations fed f@.102 mm/rev. For the

Mild steel it also decreased at the combinatiod.6fmm depth of cut and speed
135 RPM at 0.111 for Mild steel and then increases.

Sound pressure level at location C:

1) Depth of cut: Sound pressure level is measured by keeping théh defpcut
constant and varies the feed and speed. The casopdietween sound pressure
levels for Mild steel and Stainless steel at laoatC are shown in fig. 6.69 to
6.72.

Depth of cut = 0.5 mm
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o o — —
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S 78 - 0.095,

= 0.102,

=z 77 0.111
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76 - —
75
54 135 325 770
Spindle speed (RPM)
Fig. 6.69 SPL at location C Vs Spindle speed
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Depth of cut=1 mm

Spindle speed (RPM)

Fig. 6.71 SPL at location C Vs Spindle speed
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Fig. 6.70 SPL at location C vs Spindle speed
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SPL at location Cin dB(A)
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Fig. 6.72 SPL at location C Vs Spindle speed
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1) It is observed that the value of sound pressurel lsvincreased with increasing

2)

2)

speed at all the combinations for both the material

Value of sound pressure level is less for Mild sésecompared to Stainless steel

for any combination of speed, feed and depth ofezaept for the depth of cut 1

mm.

Feed: Sound pressure level is measured by keeping thlte deestant and varies

the depth of cut and speed. The comparison betweand pressure levels for
Mild steel and Stainless steel at location C amwshin fig. 6.73 to 6.76.
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Fig. 6.73 SPL at location C Vs Spindle speed
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Fig. 6.74 SPL at location C Vs Spindle speed
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SPL at location C in dB(A)
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Fig. 6.75 SPL at location C Vs spindle speed
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Fig. 6.76 SPL at location C Vs Spindle speed
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1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at feed 0.095 mm/rev. and 0.102 mm/rev.dtir the materials.

2) Value of sound pressure level is less for Mild lséeecompared to Stainless steel
for any combination of speed, feed and depth af cut

3) At feed 0.089 mm/rev., value of sound pressure |leésedecreased at the
combination of 2 mm depth of cut and speed 770 RéWstainless steel. It is
also decreased at the combination of depth of &ubim and speed 135 RPM for
feed 0.111 mm/rev.

Sound pressure level at location D:
1) Depth of cut: Sound pressure level is measured by keeping théh dipcut
constant and varies the feed and speed. The cauopdretween sound pressure

levels for Mild steel and Stainless steel at lawatD are shown in fig. 6.77 to

6.80.
Depth of cut = 0.5 mm
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:m 0.102,
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73 | /-——
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Fig. 6.77 SPL at location D Vs Spindle speed
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Fig. 6.78 SPL at location D Vs Spindle speed
Depth of cut = 1.5 mm
89 8 i 2 Q
88 — - Q Q
87 o o o o
86
< 85
3 gg —— Mild steel
(= .
S 5 Stainless steel
c 81 Feed=0.089,
(=]
= 80 0.095,
8 7 0.102,
= 78 0.111
z 7 (mm/rev.)
& 76 :
75
74 o
73
72 T T . )
54 135 325 770

Spindle speed (RPM)

Fig. 6.79 SPL at location D Vs Spindle speed
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Depth of cut=2 mm
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Spindle speed (RPM)
Fig. 6.80 SPL at location D Vs Spindle speed
1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at the 0.5 mm, 1.5 mm and 2 mm of depthtdbcioth the materials.
2) Value of sound pressure level is less for Mild lséesecompared to Stainless steel
for any combination of speed, feed and depth af cut
3) At 1 mm depth of cut, value of sound pressure legeldecreased for the
combination 0.111 mm/rev. and 325 RPM and then esmegs in other
combinations for Stainless steel. For the Mild lstieis increased with increasing
speed at 1 mm depth of cut.
2) Feed: Sound pressure level is measured by keeping thte delestant and varies

the depth of cut and speed. The comparison betweand pressure levels for
Mild steel and Stainless steel at location D amnghin fig. 6.81 to 6.84.
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SPL at location D in dB(A)
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Fig. 6.81 SPL at location D vs Spindle speed
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Fig. 6.82 SPL at location D Vs Spindle speed
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Fig. 6.84 SPL at location D Vs Spindle speed
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1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at feed 0.095 mm/rev. and 0.102 mm/rev.dtir the materials.

2) Value of sound pressure level is less for Mild lséeecompared to Stainless steel
for any combination of speed, feed and depth af cut

3) At feed 0.089 mm/rev., value of sound pressure |leésedecreased at the
combination of 2 mm and speed 770 RPM for Staindéssl. It is also decreased
at the combination of 1 mm depth of cut and 325 RBMeed 0.111 mm/rev.

Sound pressure level at location E:
1) Depth of cut: Sound pressure level is measured by keeping théh defpcut
constant and varies the feed and speed. The cauopdretween sound pressure
levels for Mild steel and Stainless steel at larate are shown in fig. 6.85 to

6.88.
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Fig. 6.85 SPL at location E Vs Spindle speed
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Depth of cut=1 mm
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Fig. 6.86 SPL at location E Vs Spindle speed
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Fig. 6.87 SPL at location E Vs Spindle speed
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Depth of cut=2 mm
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Fig. 6.88 SPL at location E Vs Spindle speed
1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at 0.5 mm, 1.5 mm and 2 mm of depth of cutdth the materials.
2) Value of sound pressure level is less for Mild lséeecompared to Stainless steel
for any combination of speed, feed and depth af cut
3) At 1 mm depth of cut, value of sound pressure legeldecreased for the
combination 0.111 mm/rev. and 135 RPM and then esses in other
combinations for Stainless steel. For the Mild lstiels increased with increasing
speed at the 1 mm depth of cut.
2) Feed: Sound pressure level is measured by keeping tltedeestant and varies

the depth of cut and speed. The comparison betweand pressure levels for
Mild steel and Stainless steel at location E amwshin fig. 6.89 to 6.92.
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SPL at location E in dB(A)
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Fig. 6.89 SPL at location E Vs Spindle speed
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Fig. 6.90 SPL at location E Vs Spindle speed
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SPL at location E in dB(A)
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Fig. 6.92 SPL at location E Vs Spindle speed
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1) It is observed that the value of sound pressurel lsvincreased with increasing
speed at feed 0.102 mm/rev. and 0.111 mm/rev.dtr the materials.

2) Value of sound pressure level is less for Mild lséeecompared to Stainless steel
for any combination of speed, feed and depth af cut

3) At feed 0.089 mm/rev., value of sound pressure |leésedecreased at the
combination of 2 mm depth of cut and speed 770 R&\btainless steel. At the
feed 0.095 mm/rev. at the combination of 0.5 mmtldey cut and speed 135
RPM for both the materials.

6.3 Analysis for frequency spectrum

6.3.1 Frequency spectrum for Aluminium and Brass

In this analysis, keeping the depth of cut constard varies the feed and speed. The
comparison between sound pressure level and freguen Aluminum and Brass are
shown in fig. 6.93 to 6.108. The analysis of fraguespectrum has been done at 1-1
octave band. The measured data for the frequerestrsin is given from the Table-1 to
Table-4 in Appendix-C.

Depth of cut=1 mm, Feed=0.089 mm/rev. & 54 rpm
80 -
75 - B
70 - f
65 - /
60 - - —¢— Aluminium
55 - / Brass
50 -

45 - v
40

SPLin dB(A)

31.5 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.93 SPL Vs Frequency

The sound pressure level increased from frequeric B8z to 1000 Hz and then
decreases up to 8000 Hz frequency for both therrakleThe peak frequency for both
the materials is 1000 Hz. The sound pressure k&v&D00 Hz frequency is 75.1 dB(A)

and 74.5 dB(A) for Aluminum and Brass respectively.
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Depth of cut=1 mm, Feed=0.111 & Speed= 135 rpm
80 -

75 - P
o / K
/

65 -

=¢— Aluminium
60 - / Brass

55 4

SPLin dB(A)

50 -

45

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.94 SPL Vs Frequency

The sound pressure level increased from frequedcy Bz to frequency 1000 Hz and
then decreases up to 8000 Hz frequency for bothmiswerials. The peak frequency for
both the materials is 1000 Hz. The sound presswel lat 1000 Hz frequency is 75.6
dB(A) and 77.2 dB(A) for Aluminum and Brass respexdiy.

Depth of cut=1 mm, Feed=0.133 mm/rev. & Speed=500 rpm
80 -
75

70 - .
65 - / —¢— Aluminium
60 - pa Brass

55 4 zA
50

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.95 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both therrakleThe peak frequency for both
the materials is 1000 Hz. The sound pressure &v&D00 Hz frequency is 76.3 dB(A)

and 78.4 dB(A) for Aluminum and Brass respectively.
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Depth of cut=1 mm, Feed=0.166 mm/rev. & Speed=1200 rpm

90 -
85 - .

80 - // \‘.
75 - :
v \ —o— Aluminium
;(5) : / \ Brass
60 - /
~—

55
315 63 125 250 500 1000 2000 4000 8000

SPLin dB(A)

Frequency (Hz)

Fig. 6.96 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to the 8000 Hz frequency for botmthterials. The peak frequency for
both the materials is 1000 Hz. The sound presswel lat 1000 Hz frequency is 83.1
dB(A) and 82.1 dB(A) for Aluminum and Brass respexdi.

Depth of cut=2 mm, Feed=0.089 mm/rev. & Speed=135 rpm

80 -
75 - -
70 ~

65 - /

\ == Aluminium

60 - / Brass

55 4
50 -
45

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.97 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for Aluminuns ihcreased from frequency 31.5 Hz
to 2000 Hz and then decreases up to 8000 Hz freguen Brass. The peak frequency
for Aluminum is 1000 Hz. The sound pressure levdl(®0 frequency is 74.9 dB(A). For
the brass, the peak frequency is 2000 Hz. The spressure level at 2000 Hz frequency
is 76.8 dB(A).
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Depth of cut=2 mm, Feed=0.111 mm/rev. & Speed=54 rpm
80 -

75 - “ em—

70 - \
65 - N .
\ == Aluminium
60 -
> Brass
55 - ¢ \
50 -

45

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.98 SPL Vs Frequency

The sound pressure level increased from frequeric B8z to 1000 Hz and then
decreases up to 8000 Hz frequency for both thermalteThe peak frequency for both
the materials is 1000 Hz. The sound pressure &v&D00 Hz frequency is 75.1 dB(A)

and 74.2 dB(A) for Aluminum and Brass respectively.

Depth of cut=2 mm, Feed=0.133 mm/rev. & Speed=1200 rpm

85 -
80 T A\ “
2 75 | A \
B 70 1 // V —— Aluminium
'E 65 1 = Brass
&

60 -
55-/

50

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.99 SPL Vs Freuency

The sound pressure level increased from frequeric B8z to 1000 Hz and then
decreases up to 8000 Hz frequency for both the rralteThe peak frequency for both
the materials is 1000 Hz. The sound pressure k&v&D00 Hz frequency is 83.3 dB(A)

and 81.9 dB(A) for Aluminum and Brass respectively.
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Depth of cut=2 mm, Feed=0.166 mm/rev. & Speed=500 rpm

90 -+
85 -
80 -

75 - .
- =¢— Aluminium

70 -
65 - / Brass
60 - b

55 - v
50

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.100 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then

decreases up to the 8000 Hz frequency for Aluminur.increased from frequency 31.5
Hz to 4000 Hz and then decreases up to 8000 Hadrexy for Brass. The peak

frequency for Aluminum is 1000 Hz. The sound presdavel at 1000 Hz frequency is

76.6 dB(A). For the brass, the peak frequency 304dz. The sound pressure level at
4000 Hz frequency is 85 dB(A).

Depth of cut=3 mm, Feed=0.089 mm/rev. & Speed=500 rpm

75
70 -
== Aluminium
65 Brass
60 -
55 ¢ .

31.5 63 1000 2000 4000 8000

SPLin dB(A)

Frequency (Hz)

Flg. 6.101 SPL Vs Frequency

The sound pressure level increased from frequeric 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both therrakleThe peak frequency for both
the materials is 1000 Hz. The sound pressure &v&D00 Hz frequency is 76.9 dB(A)

and 78.4 dB(A) for Aluminum and Brass respectively.
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Depth of cut=3 mm, Feed=0.111 mm/rev. & Speed=1200 rpm

85 +

80 ‘\A
\,
75 -
N
70 - == Aluminium
65 | \ Brass
60 -

55

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.102 SPL Vs FRequency

The sound pressure level increased from frequeric 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both therraleThe peak frequency for both
the materials is 1000 Hz. The sound pressure kvE000 Hz frequency is 83 dB(A) and

81.7 dB(A) for Aluminum and Brass respectively.

Depth of cut=3 mm, Feed=0.133 mm/rev. & Speed=54 rpm
75 -

o /
65

—

3 4
i’ 60 - v,/ —— Aluminium
§ 55 ‘/ Brass

50 -

45

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.103 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both therraleThe peak frequency for both
the materials is 1000 Hz. The sound ressure lévHD@0 Hz frequency is 74.2 dB(A) and
74.8 dB(A) for Aluminum and Brass respectively.
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Depth of cut=3 mm, Feed=0.166 mm/rev. & Speed=135 rpm

85 +
80 -
75 -

70 - '
65 - =¢=— Aluminium
60 1 4 Brass

55 A
50 -
45

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.104 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for Aluminuns ilhicreased from frequency 31.5 Hz
to 2000 Hz and then decreases up to 8000 Hz freguen Brass. The peak frequency
for Aluminum is 1000 Hz. The sound pressure levdlG®0 Hz frequency is 74.6 dB(A).
For the brass, the peak frequency is 2000 Hz. Thmd pressure level at 2000 Hz
frequency is 84.5 dB(A).

Depth of cut=4 mm, Feed=0.089 mm/rev. & Speed=1200 rpm

90 -
85 - /\
80 - )

75 -
70 -
65 - —¢— Aluminium
60 | o7
55 A
50

SPLin dB(A)

Brass

315 63 125 250 500 1000 2000 4000 8000
Frequency (Hz)

Fig. 6.105 SPL Vs Frequency

The sound pressure level increased from frequeric B8z to 1000 Hz and then
decreases up to 8000 Hz frequency for Aluminuns ilhicreased from frequency 31.5 Hz
to 4000 Hz and then decreases up to 8000 Hz freguen Brass. The peak frequency
for Aluminum is 1000 Hz. The sound pressure levdlG®0 Hz frequency is 88.8 dB(A).
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For the brass, the peak frequency is 2000 Hz. Thmd pressure level at 2000 Hz
frequency is 86.6 dB(A).

Depth of cut=4 mm, Feed=0.111 mm/rev. & Speed=500 rpm

85 +
80 -

75 -

70 - .
=¢— Aluminium

65 - Brass

60 -

55

50 . ;

31.5 63 1000 2000 4000 8000

SPLin dB(A)

Frequency (Hz)

Fig. 6.106 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both the rralteThe peak frequency for both
the materials is 1000 Hz. The sound pressure &v&D00 Hz frequency is 75.9 dB(A)
and 84.3 dB(A) for Aluminum and Brass respectively.

Depth of cut=4 mm, Feed=0.133 mm/rev. & Speed=135 rpm

85 +
80 -
75 -

70 -
65 - / —&— Aluminium
60 | O~y Brass

55 4
50 -
45

SPLin dB(A)

31.5 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.107 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then

decreases up to frequency 8000 Hz for both thermalteThe peak frequency for both
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the materials is 1000 Hz. The sound pressure k&v&D00 Hz frequency is 74.6 dB(A)

and 80.6 dB(A) for Aluminum and Brass respectively.

Depth of cut=4 mm, Feed=0.166 mm/rev. & Speed=54 rpm

80 +
75 -

70 - )
65 -
60 - =¢— Aluminium

55 v v Brass

50 -
45 -
40

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.108 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to the 8000 Hz frequency for botmthterials. The peak frequency for
both the materials is 1000 Hz. The sound presswel lat 1000 Hz frequency is 74.2
dB(A) and 75.8 dB(A) for Aluminum and Brass respexdi.

6.3.2 Frequency spectrum for Mild steel and Stainks steel

In this analysis, keeping the depth of cut const@md varies feed and speed. The
comparison between sound pressure level and fregjdenMild steeland Stainless steel
are shown in fig. 6.109 to 6.124. The analysisefiiency spectrum has been done at 1-1
octave band. The measured data for the frequerestrsin is given from the Table-1 to
Table-4 in Appendix-C.
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Depth of cut=0.5 mm, Feed=0.089 mm/rev. & Speed=54 rpm

80 +
75 -
70 -
65 -
60 -
55 -
50 -
45 -
40 -
35

=¢— Mild steel
Stainless steel

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.109 SPL Vs Frequency

The sound pressure level increased from frequehcdy Bz to 500 Hz and then decreases
up to 8000 Hz frequency for Mild steel. It is inased from frequency 31.5 Hz to 1000
Hz and then decreases up to frequency 8000 Hztfonl&ss steel. The peak frequency
for Mild steel is 500 Hz. The sound pressure latéd00 Hz frequency is 79.6 dB(A). For

the Stainless steel, the peak frequency is 1000THe.sound pressure level at 1000 Hz
frequency is 76.4 dB(A).

Depth of cut=0.5 mm, Feed=0.095 mm/rev. & Speed=135 rpm
80 -
75 - /\
70 - /
65 - .
0 | / \ —o— Mild steel
Stainless steel
55 -
50 - \

45

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.110 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to frequency 8000 Hz for both therraleThe peak frequency for both
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the materials is 1000 Hz. The sound pressure kv&D00 Hz frequency is 79.5 dB(A)
and 77.9 dB(A) for Mild steel and Stainless stespectively.

Depth of cut=0.5 mm, Feed=0.102 mm & Speed=325 rpm
85 -

80 - /A

75 - - \

70 - \

65 - \ —o— Mild steel

60 - Stainless steel
55 - \

50 - N

45

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.111 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases to the frequency 8000 Hz for both thenmatt. The peak frequency for both
the materials is 1000 Hz. The sound pressure k#velis frequency level is 80.1 dB(A)
and 78.2 dB(A) for Mild steel and Stainless stespectively.

Depth of cut=0.5 mm, Feed=0.111 mm/rev. & Speed=770 rpm

90 -
85 -
80 - -
75 -
70 - —o— Mild steel

65 - Stainless steel
60 -
55 1 @~
50 ;

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency(Hz)

Fig. 6.112 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both thermalteThe peak frequency for both
the materials is 1000 Hz. The sound pressure k&v&D00 Hz frequency is 81.5 dB(A)
and 85.9 dB(A) for Mild steel and Stainless stespectively.
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Depth of cut=1 mm, Feed=0.089 mm/rev. & Speed=135 rpm
80 -

75 - A=\

< 70 / \
2 65 - ‘ \ _
'E 60 - / \ —O—IS\:H.d :teel |
& o / \ ainless stee
50 A \
45

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Flg. 6.113 SPL Vs Frequency

The sound pressure level increased from frequeric 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both therraleThe peak frequency for both
the materials is 1000 Hz. The sound pressure law€l00 Hz frequency is 78.8 dB(A)
and 78 dB(A) for Mild steel and Stainless steepessively.

Depth of cut=1 mm, Feed=0.095 mm/rev. & Speed=54 rpm
80 -

75 - ,‘/\

70 - ~

65 - / \

60 - Q_./ \ —4— Mild steel

55 - Stainless steel
50 - \

45 . . r r . . T T
315 63 125 250 500 1000 2000 4000 8000

SPLin dB(A)

Frequency (Hz)

Fig. 6.114 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to the 8000 Hz frequency for botmthterials. The peak frequency for
both the materials is 1000 Hz. The sound pressawel lat 1000 Hz frequency is 79.4
dB(A) and 77.4 dB(A) for Mild steel and Stainle$set respectively.
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Depth of cut=1 mm, Feed=0.102 mm /rev. & Speed=770 rpm
85 -

80 - : /'\
75 A
70 -
=¢— Mild steel
65 -

SPLin dB(A)

Stainless steel
60 -

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.115 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both therrakleThe peak frequency for both
the materials is 1000 Hz. The sound pressure k&v&D00 Hz frequency is 82.2 dB(A)
and 83.7 dB(A) for Mild steel and Stainless stespectively.

Depth of cut=1 mm, Feed=0.111 mm/rev. & Speed=325 rpm

75 /A\

0 e \

S
65 -

=—¢— Mild steel
60 -| A=——y Stainless steel
55 - \
50 A
45

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.116 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both thermalteThe peak frequency for both
the materials is 1000 Hz. The sound pressure &v&D00 Hz frequency is 79.1 dB(A)
and 78.8 dB(A) for Mild steel and Stainless stespectively.
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Depth of cut=1.5 mm, Feed=0.089 mm/rev. & Speed=325 rpm

80 - R
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55 - \
50 -
45

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.117 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both therraleThe peak frequency for both
the materials is 1000 Hz. The sound pressure k&v&D00 Hz frequency is 78.3 dB(A)
and 78.1 dB(A) for Mild steel and Stainless stespectively.

Depth of cut=1.5 mm, Feed=0.095 mm/rev. & Speed=770

95 -
90 -
85 -

80 -
75 1 —o— Mild steel
70 - - .
Stainless steel
65 - e
60 -
55

50

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency(Hz)

Fig. 6.118 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to frequency 8000 Hz for both therraleThe peak frequency for both
the materials is 1000 Hz. The sound pressure kvE000 Hz frequency is 82 dB(A) and
90.2 dB(A) for Mild steel and Stainless steel respely.
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Depth of cut=1.5 mm, Feed=0.102 mm/rev. & Speed=54 rpm

80 -
75 -

70 - ‘//0/7/ \

<

B 65 -

£ 60 - / \

s 2(5) 1 \ —&— Mild steel
45 . : ; ; , : : . N Stainless steel

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.119 SPL Vs Frequency

The sound pressure level increased from frequeric 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both therrakleThe peak frequency for both
the materials is 1000 Hz. The sound pressure lavdl000 Hz frequency level is 78
dB(A) and 77.9 dB(A) for Mild steel and Stainle$set respectively.

Depth of cut=1.5 mm, Feed=0.111 mm/rev. & Speed=135 rpm

80 -
75 A

TN

65 -
60 - =¢— Mild steel
Stainless steel

55 4

50 - \

45

SPLin dB(A)

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.120 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both thermalteThe peak frequency for both
the materials is 1000 Hz. The sound pressure law€l00 Hz frequency is 78.3 dB(A)
and 78.1 dB(A) for Mild steel and Stainless stespectively.

124



Depth of cut=2 mm, Feed= 0.089 mm/rev. & Speed=770 rpm

95 4
90 -
85 -
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;(5) 1 —¢— Mild steel
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60 -
-
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55 4
50

315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.121 SPL Vs Frequency

The sound pressure level increased from frequefcdy Bz to 500 Hz and then decreases
up to 8000 Hz frequency for Mild steel. It is inased from frequency 31.5 Hz to 1000
Hz and then decreases up to 8000 Hz frequencytfonl&ss steel. The peak frequency
for Mild steel is 500 Hz. The sound pressure latéd00 Hz frequency is 82.3 dB(A). For

the Stainless steel, the peak frequency is 1000THe.sound pressure level at 1000 Hz
frequency is 90.9 dB(A).

Depth of cut=2 mm, Feed=0.095 mm/rev. & Speed=325 rpm
80 -

e A
75 - v \
70 -
65 - )
\ —¢— Mild steel
60 - .
! Stainless steel
> 17 \
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315 63 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 6.122 SPL Vs Frequency

The sound pressure level increased from frequeric B8z to 1000 Hz and then
decreases up to 8000 Hz frequency for both therraleThe peak frequency for both
the materials is 1000 Hz. The sound pressure k&v&D00 Hz frequency is 78.8 dB(A)
and 78.9 dB(A) for Mild steel and Stainless stespectively.
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Depth of cut=2 mm, Feed=0.102 mm/rev. & Speed=135 rpm
80 -

75 ——
70 - . \
65 - i
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Fig. 6.123 SPL Vs Frequency

The sound pressure level increased from frequeric$ 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both therrakleThe peak frequency for both
the materials is 1000 Hz. The sound pressure k&v&D00 Hz frequency is 78.6 dB(A)
and 78.6 dB(A) for Mild steel and Stainless stespectively.

Depth of cut=2 mm, Feed=0.111 mm/rev. & Speed=54 rpm
80 -

75 - A\
N\
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45 T T T T T T T T

315 63 125 250 500 1000 2000 4000 8000
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Frequency (Hz)

Fig. 6.124 SPL Vs Frequency

The sound pressure level increased from frequeric 8iz to 1000 Hz and then
decreases up to 8000 Hz frequency for both therraleThe peak frequency for both
the materials is 1000 Hz. The sound pressure k&v&D00 Hz frequency is 78.8 dB(A)
and 78.1 dB(A) for Mild steel and Stainless stespectively.

126



6.4 Results

An analysis of the collected data indicates thiowahg results:
1) Acoustic power:
For Aluminium & Brass:

e At 1 mm depth of cut, the maximum acoustic power8%3 dB(A) in the
combination of feed 0.133 and speed 500 RPM formAhium. At the same depth
of cut the maximum acoustic power is 90.2 dB(A)the combination of feed
0.166 mm/rev. and speed 1200 RPM for Brass.

e At 1 mm depth of cut, the minimum acoustic power8.6 dB(A) in the
combination of feed 0.111 and speed 135 RPM formhium. At the same depth
of cut the minimum acoustic power is 84.4 dB(A)tire combination of feed
0.089 mm/rev. and speed 54 RPM for Brass.

* At 2 mm depth of cut, the combination of feed 0.188)/rev. and speed 1200
RPM are same for both the materials in which th&imam acoustic power is
87.1 dB(A) and 91 dB(A) for Aluminium and Brasspestively.

* At 2 mm depth of cut, the combination of feed 0.birh/rev. and speed 54 RPM
are same for both the materials in which the mimmacoustic power is 82.9 and
83.9 dB(A) for Aluminium and Brass respectively.

« At 3 mm depth of cut, the maximum acoustic power8&1 dB(A) in the
combination of feed 0.089 and speed 500 RPM formAhium. At the same depth
of cut the maximum acoustic power is 93.7 dB(A)tlhe combination of feed
0.111 mm/rev. and speed 1200 RPM for Brass.

* At 3 mm depth of cut, the combination of feed 0.133/rev. and speed 54 RPM
are same for both the materials in which the mimmacoustic power is 82.8 and
84.7 dB(A) for Aluminium and Brass respectively.

e At 4 mm depth of cut, the maximum acoustic power8& dB(A) in the
combination of feed 0.089 mm/rev. and speed 1200 R¥? Aluminium. At the
same depth of cut the maximum acoustic power i§ @B(A) in the combination
of feed 0.111 mm/rev. and speed 500 RPM for Brass.
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At 4 mm depth of cut, the combination of feed 0.1h&®/rev. and speed 54 RPM
are same for both the materials in which the mimmacoustic power is 83.1 and

85.1 dB(A) for Aluminium and Brass respectively.

For Mild steel and Stainless steel

At 0.5 mm depth of cut, the combination of feed1@.Inm/rev. and speed 770
RPM are same for both the materials in which th&imam acoustic power is
91.3 dB(A) and 87.7 dB(A) for Mild steel and Staiss steel respectively.

At 0.5 mm depth of cut, the combination of feed89.0nm/rev. and speed 54
RPM are same for both the materials in which thaimmim acoustic power is
83.3 dB(A) and 82.6 dB(A) for Mild steel and Stasd steel respectively.

At 1 mm depth of cut, the combination of feed 0.1@@m/rev. and speed 770
RPM are same for both the materials in which th&imam acoustic power is
91.5 dB(A) and 90.1 dB(A) for Mild steel and Staiss steel respectively.

At 1 mm depth of cut, the combination of feed 0.09%/rev. and speed 54 RPM
are same for both the materials in which the mimmacoustic power is 83.1
dB(A) and 83.8 dB(A) for Mild steel and Stainlessed respectively.

At 1.5 mm depth of cut, the combination of feed9.0mm/rev. and speed 770
RPM are same for both the materials in which th&imam acoustic power is 88
dB(A) and 91 dB(A) for Mild steel and Stainlessedtespectively.

At 1.5 mm depth of cut, the combination of feedO2 Inm/rev. and speed 54
RPM are same for both the materials in which theimmim acoustic power is 83
dB(A) and 85 dB(A) for Mild steel and Stainlessetteespectively.

At 2 mm depth of cut, the maximum acoustic power8&7 dB(A) in the
combination of feed 0.089 mm/rev. and speed 770 R&WIild steel. At the
same depth of cut the maximum sound pressure lsv@&9.5 dB(A) in the
combination of feed 0.095 mm/rev. and speed 325 Ri*Idtainless steel.

At 2 mm depth of cut, the minimum acoustic power8&9 dB(A) in the
combination of feed 0.111 mm/rev. and speed 54 RBMIild steel. At the same
depth of cut the maximum sound pressure level i$ 8B(A) in the combination
of feed 0.089 mm/rev. and speed 770 RPM for Stssniteel.
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2) Sound pressure level:

Sound pressure level at location A:At 1 mm and 4mm depth of cut the sound
pressure level increases in all the combinatiomstle case of Aluminium and
Brass. It is decreased at the combination of 3 napthd of cut, feed 0.111
mm/rev. only for Aluminium.

For the case of Mild steel and Stainless steesttumd pressure level increased at
all the combinations when depth of cut is 1 mm & fam. It is decreased at the
combinations when depth of cut is 2 mm, feed 0.002rev. and 135 RPM. It is
also decreased at the combination 0.5 mm, feed2(h@ speed 325 RPM. It is
increased at all the combinations of feed 0.095@&82 mm/rev. It is decreased
at combinations when feed is 0.089 mm/rev., deptiubl mm and 135 RPM and
also decreased at the combination of feed 0.11Irenmbepth of cut 1.5 mm and
speed 135 RPM for only Mild steel.

Sound pressure level at location BAt 1 mm and 4mm depth of cut the sound
pressure level increases in all the combinatiomstife case of Aluminium and
Brass. It is decreased at the combination of 3 repitdof cut, feed 0.111 and
speed 1200 RPM only for Aluminium and also it ieased at combination of 2
mm depth of cut, feed 0.133 mm/rev. and 1200 RPM.

For the case of Mild steel and Stainless steesttumd pressure level increased at
all the combinations when depth of cut is 1 mm & fam. It is decreased at the
combination of feed 0.102 mm/rev., depth of cutra snd speed 135 RPM only
for Mild steel.

Sound pressure level at location CAt 1 mm and 4mm depth of cut the sound
pressure level increases in all the combinatiomstife case of Aluminium and

Brass. It is decreased at the combination of 3 repitdof cut, feed 0.111 and
speed 1200 RPM only for Aluminium and also it ieased at combination of 2
mm depth of cut, feed 0.133 mm/rev. and 1200 RPM.

For the case of Mild steel and Stainless Steelstiumd pressure level increased at
all the combinations when depth of cut is 0.5 mrd amm depth of cut. It is

increased at all combinations of feed 0.095 mm/end 0.102 mml/rev. it is
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3)

decreased at the combination of feed 0.089 mm/depth of cut 2 mm and 770
RPM only for Stainless steel. It also decreased $tainless steel at the
combination of feed 0.111 mm/rev., depth of cutrhirf and speed 325 RPM.

Sound pressure level at location DAt 1 mm and 4mm depth of cut the sound
pressure level increases in all the combinatiomstife case of Aluminium and
Brass. It is decreased at the combination of 3 repitdof cut, feed 0.111 and
speed 1200 RPM only for Aluminium and also it ieased at combination of 2
mm depth of cut, feed 0.133 mm/rev. and 1200 RPM.

For the case of Mild steel and Stainless steesttumd pressure level increased at
all the combinations when depth of cut is 1 mm & dam. It is decreased at the
combination of feed 0.102 mm/rev., depth of cutra snd speed 135 RPM only
for Mild steel.

Sound pressure level at location EAt 1 mm and 4mm depth of cut the sound
pressure level increases in all the combinatiomstife case of Aluminium and
Brass. It is decreased at the combination of 3 napthd of cut, feed 0.111
mm/rev. only for Aluminium.

For the case of Mild steel and Stainless steesttumd pressure level increased at
all the combinations when depth of cut is 1 mm & fam. It is decreased at the
combinations when depth of cut is 2 mm, feed 0.002rev. and 135 RPM. It is
also decreased at the combination 0.5 mm, feed2(h@ speed 325 RPM. It is
increased at all the combinations of feed 0.095@&82 mm/rev. It is decreased
at combinations when feed is 0.089 mm/rev., deptiubl mm and 135 RPM and
also decreased at the combination of feed 0.11Irenmbepth of cut 1.5 mm and
speed 135 RPM for only Mild steel.

Frequency spectrum: The frequency spectrum analysis has been carrie@tou
the location where the sound pressure level is maxi. The sound pressure level
is maximum at the location E as shown in figure 5.3

The peak frequency for all the materials is 1000 Hz

The sound pressure level at 1000 Hz frequency.B @B(A) and 84.3 dB(A) for

Aluminium and Brass.
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The sound pressure level at 1000 Hz is 82.2 dB(W)20.9 dB(A) for Mild Steel

and Stainless steel.

The sound pressure level increased from frequetcdy Bz to 1000 Hz and then

decreases up to 8000 Hz frequency for all the nadser
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CHAPTER 7

CONCLUSION AND SCOPE FOR FUTURE WORK

7.1 Conclusion

The object of the present work was to study theotfbf different operating parameters
i.e. depth of cut, feed and speed on the soundsymedevel around a lathe machine

during turning operation. It concludes the follogipoints:

1) Acoustic power:

For Aluminium and Brass:

* The maximum acoustic power is 88.1 dB(A) at the lom@tion of 3 mm depth of
cut, feed 0.089 mm/rev. and speed 500 RPM for Atiwmn. For Brass, the
maximum acoustic power is 93.7 dB(A) at the comtiamaof 3 mm depth of cut,
feed 0.111 mm/rev. and speed 1200 RPM.

* The minimum acoustic power is 82.6 dB(A) at the boration of 1 mm depth of
cut, feed 0.111 mm/rev. and speed 135 RPM for Ahism. For Brass, the
minimum acoustic power is 83.9 dB(A) at the comboraof 2 mm depth of cut,
feed 0.111 mm/rev. and speed 54 RPM.

For Mild steel and Stainless steel:

* The maximum acoustic power is 91.5 dB(A) at the loo@tion of 1 mm depth of
cut, feed 0.102 mm/rev. and speed 770 RPMViild steel. For Stainless steel, the
maximum acoustic power is 91 dB(A) at the comboranf 1.5 mm depth of cut,
feed 0.095 mm/rev. and speed 770 RPM.

* The minimum acoustic power is 82.9 dB(A) at the boration of 2 mm depth of
cut, feed 0.111 mm/rev. and speed 54 RPMMod steel. For Stainless steel, the
minimum acoustic power is 82.6 dB(A) at the comboraof 0.5 mm depth of
cut, feed 0.089 mm/rev. and speed 54 RPM.
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2) Sound pressure level:

For Aluminium and Brass:

At location A:

At the combination of 4 mm depth of cut, feed 0.08/rev. and speed 1200
RPM, the maximum sound pressure level is 83.4 dB{A)l 85.6 dB(A) for
Aluminium and Brass respectively.

At the combination of 3 mm depth of cut, feed 0.133/rev. and speed 54 RPM,
the minimum sound pressure level is 75.5 dB(A) @adb dB(A) for Aluminium

and Brass respectively.

At location B:

At the combination of 4 mm depth of cut, feed 0.08f/rev. and speed 1200
RPM, the maximum sound pressure level is 82.8 dB{A)l 84.1 dB(A) for
Aluminium and Brass respectively.

At the combination of 2 mm depth of cut, feed 0.1birh/rev. and speed 54 RPM,
the minimum sound pressure level is 74.9 dB(A) @&® dB(A) for Aluminium

and Brass respectively.

At location C:

The maximum sound pressure level is 83.9 dB(A)hatdombination of 4 mm
depth of cut, feed 0.089 mm/rev. and speed 1200 RIPMIuminium. For Brass,
the maximum sound pressure level is 85.1 dB(A)hat combination of 3 mm
depth of cut, feed 0.111 mm/rev. and speed 1200 . RPM

At the combination of 2 mm depth of cut, feed 0.1birh/rev. and speed 54 RPM,
the minimum sound pressure level is 76.5 dB(A) @adl dB(A) for Aluminium

and Brass respectively.

At location D:

At the combination of 3 mm depth of cut, feed O0.1tdn/rev. and speed 1200
RPM, the maximum sound pressure level is 80.3 dB{A)l 81.6 dB(A) for

Aluminium and Brass respectively.

The minimum sound pressure level is 72.5 dB(A)hat ¢combination of 2 mm

depth of cut, feed 0.111 mm/rev. and speed 54 R&VAluminium. For Brass,

the minimum sound pressure level is 73.2 dB(A)h&t tombination of 1 mm
depth of cut, feed 0.089 mm/rev. and speed 54 RPM.
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At location E:

At the combination of 4 mm depth of cut, feed 0.08f/rev. and speed 1200
RPM, the maximum sound pressure level is 84.6 dB{A) 89.6 dB(A) for

Aluminium and Brass respectively.

The minimum sound pressure level is 75.6 dB(A)h&t combination of 1 mm
depth of cut, feed 0.111 mm/rev. and speed 135 RI*MIuminium. For Brass,

the minimum sound pressure level is 76.5 dB(A)h&t tombination of 4 mm
depth of cut, feed 0.166 mm/rev. and speed 54 RPM.

At 1 mm and 4 mm depth of cut, sound pressure laveleases at all the

combinations of feed and speed for Aluminium anasBr

For Mild steel and Stainless steel:

At location A:

The maximum sound pressure level is 82 dB(A) attmabination of 1 mm depth
of cut, feed 0.102 mm/rev. and speed 770 RPMvitdl steel .For Stainless steel,
the maximum sound pressure level is 83.2 dB(Ahatdombination of 1.5 mm
depth of cut, feed 0.095 mm/rev. and speed 770 RPM.

At the combination of 1.5 mm depth of cut, feedO2 Inm/rev. and speed 54
RPM, the minimum sound pressure level is 75.8 dB{AJ 75.7 dB(A) for Mild
steel and Stainless steel respectively.

At location B:

The maximum sound pressure level is 82 dB(A) attmabination of 1 mm depth
of cut, feed 0.102 mm/rev. and speed 770 RPM fdd Blieel. For Stainless steel,
the maximum sound pressure level is 85.6 dB(Ahatdombination of 1.5 mm

depth of cut, feed 0.095 mm/rev. and speed 770 RPM.

The minimum sound pressure level is 76.3 dB(A)h&t ¢combination of 1 mm

depth of cut, feed 0.095 mm/rev. and speed 54 R&t\Mifld steel. For Stainless
steel, the minimum sound pressure level is 76.3AYB( the combination of 0.5

mm depth of cut, feed 0.089 mm/rev. and speed SM.RP

At location C:

The maximum sound pressure level is 87 dB(A) attmbination of 1 mm depth
of cut, feed 0.102 mm/rev. and speed 770 RPM fdd Blieel. For Stainless steel,
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the maximum sound pressure level is 81.6 dB(Ahatdombination of 1.5 mm
depth of cut, feed 0.089 mm/rev. and speed 325 RPM.

At the combination of 0.5 mm depth of cut, feed89.0nm/rev. and speed 54
RPM, the minimum sound pressure level is 75.9 dB{A) 76 dB(A) for Mild
steel and Stainless steel respectively.

At location D:

The maximum sound pressure level is 79.7 dB(A)hatdombination of 1 mm
depth of cut, feed 0.102 mm/rev. and speed 770 RiIPMild steel. For Stainless
steel, the maximum sound pressure level is 86.2AHB( the combination of 1.5
mm depth of cut, feed 0.095 mm/rev. and speed #P1d.R

At the combination of 0.5 mm depth of cut, feed89.0nm/rev. and speed 54
RPM, the minimum sound pressure level is 72.6 dB{AJ 72.3 dB(A) for Mild
steel and Stainless steel respectively.

At location E:

3)

The maximum sound pressure level is 88.3 dB(A)hatdombination of 1 mm
depth of cut, feed 0.102 mm/rev. and speed 770 RiIPMIild steel. For Stainless
steel, the maximum sound pressure level is 86. AjB( the combination of 1.5
mm depth of cut, feed 0.095 mm/rev. and speed #P1d.R

The minimum sound pressure level is 76.7 dB(A)hat combination of 0.5 mm
depth of cut, feed 0.089 mm/rev. and speed 54 R&\Mifld steel. For Stainless
steel, the minimum sound pressure level is 77.4A)B( the combination of 1.5
mm depth of cut, feed 0.102 mm/rev. and speed SM.RP

At 0.5 mm and 2 mm depth of cut, sound pressurel ieereases with increasing
speed.

It decreases at 1 mm depth of cut for the comtonadif feed 0.089 mm/rev. and
speed 135 RPM and then increases up to the condrinait feed 0.102 mm/rev.
and 770 RPM.

Frequency Spectrum:

The frequency spectrum analysis has been carrie@toine location where the
sound pressure level is maximum. The sound predsuet is maximum at the
location E as shown in figure 5.3.

The peak frequency for all the materials is 1000 Hz
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* The sound pressure level at 1000 Hz frequency.B® @B(A) and 84.3 dB(A) for

Aluminium and Brass.

* The sound pressure level at 1000 Hz is 82.2 dB()20.9 dB(A) for Mild Steel
and Stainless steel.
* The sound pressure level increased from frequetidy Bz to 1000 Hz and then

decreases up to 8000 Hz frequency for AluminiunasBr Mild steel and Stainless

steel.

4) Taguchi analysis:

* On the basis of Taguchi analysis, thest significant parameter on noise is speed.

7.2 Scope for future work

The presented work can be extended by working wiféerent. Some of them are listed
below:

* A proper lathe machine can be designed, so thamihanal noise will generate
under different operating parameters.

* Itis concluded from results that the maximum sopressure level is at frequency
of 1000 Hz. By using an intensity probe, parts Wwél found where the maximum
sound pressure level occurs at particular frequency

* With the help of this analysis, it can be extenfitgcbther materials.

* To reduce more noise, foundation of a lathe wilbksigned properly.
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APPENDIX - A

Values of Sound pressure level (Lp) in dB(A) and Amustic power (Lw) in dB(A) (ref. 10-12 W) for Aluminium

APPENDIX

Table 1

Exp.no. | D.O.C Feed Speed Grid points ?:,)g) Lw
(mm) | (mm/rev.) | (rpm) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 dB(A) | dB(A)
1 1 0.089 54 717 | 742 | 726 | 74.1 72 719 | 725 | 748 | 76,5 | 73.6 | 753 | 73.6 76 734 | 726 | 714 | 77.1 73.7 82.7
2 1 0.111 135 722 | 731 | 726 | 742 | 718 | 724 | 724 | 741 | 76.4 | 73.6 | 75.2 | 73.9 | 753 | 73.8 73 71.5 76 73.6 82.6
3 1 0.133 500 753 | 768 | 749 | 766 | 747 | 75.2 | 748 | 76.6 | 787 | 75.7 | 77.8 | 76.6 | 784 | 76.2 | 76.6 | 73.9 | 78.7 76.3 85.3
4 1 0.166 1200 726 | 713 | 719 | 723 | 724 | 72.7 | 71.7 | 759 | 776 | 77.7 | 788 | 784 | 79.6 | 76,5 | 75.6 | 76.8 | 80.8 75.4 84.4
5 2 0.089 135 72 75.1 | 725 | 74.6 72 72 72.7 | 74.6 77 74 763 | 73.7 | 76,5 | 73.2 | 73.8 | 71.2 | 77.2 74 83
6 2 0.111 54 723 | 745 | 72.7 | 74.7 73 72 732 | 741 | 76.6 | 73.7 | 753 | 73.6 76 729 | 72.7 | 71.8 | 76.9 73.9 82.9
7 2 0.133 1200 813 | 75.2 | 745 75 76.2 | 768 | 72.7 | 75.8 | 81.2 | 781 | 788 | 80.4 | 82.6 | 79.2 | 79.3 | 784 | 82.6 78.1 87.1
8 2 0.166 500 75.2 | 76.2 | 75.8 | 76.9 | 745 | 74.7 | 754 77 79.8 77 78 76.9 79 76 76 74.7 | 79.5 76.6 85.6
9 3 0.089 500 75 76.9 | 76.1 | 83.9 | 80.1 | 78.5 | 80.9 85 88.8 | 794 | 788 | 77.8 | 79.6 76 753 | 74.1 | 79.2 79.1 88.1
10 3 0.111 1200 76.2 | 742 | 764 | 786 | 747 | 76.4 74 78.9 | 83.9 | 80.6 82 80.6 | 829 | 81.1 | 79.7 | 786 | 84.2 79 88
11 3 0.133 54 72.1 | 745 | 725 | 749 72 719 | 714 | 742 | 77.1 | 735 | 751 | 73.6 | 755 | 733 | 73.2 | 72.7 | 76.6 73.8 82.8
12 3 0.166 135 72.7 | 746 73 748 | 723 | 722 | 722 | 741 | 774 | 743 | 768 | 739 | 763 | 739 | 72.2 | 72.8 | 76.8 74.1 83.1
13 4 0.089 1200 795 | 764 | 726 | 77.1 | 73.8 | 73.8 | 75.8 | 78.7 82 82.5 82 829 | 843 | 811 | 813 | 741 | 84.7 79 88
14 4 0.111 500 749 | 76,6 | 759 | 77.3 | 745 | 742 | 76.7 | 77.7 | 79.7 | 76.5 78 765 | 783 | 764 | 76.1 | 743 | 794 76.6 85.6
15 4 0.133 135 72.7 | 75.7 74 753 | 729 | 722 | 726 | 746 | 77.2 | 748 | 749 | 746 | 77.4 | 743 74 72.6 | 77.2 74.5 83.5
16 4 0.166 54 728 | 74.7 | 73.1 | 75.1 | 724 | 716 | 726 | 743 | 76,5 | 73.3 76 743 | 763 | 739 | 741 | 72.7 | 76.5 74.1 83.1
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Table 2

Values of Sound pressure level (Lp) in dB(A) and Agustic power (Lw) in dB(A) (ref. 10-12 W) for Brass

Exp.no. | D.O.C Feed Speed Grid Points ?:l)g) Lw
(mm) | (mm/rev.) | (rpm) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 dB(A) dB(A)

1 1 0.089 54 733 | 76.7 | 754 | 753 | 73.9 | 745 | 73.5 | 75.2 81 744 | 76.7 | 75.8 | 77.6 | 74.6 | 73.6 | 73.3 77 75.4 84.4
2 1 0.111 135 813 | 82.1 | 78.8 | 79.8 77 773 | 763 | 808 | 86.8 | 763 | 77.6 | 773 | 79.2 | 76.4 75 74.5 78 78.5 87.5
3 1 0.133 500 774 | 776 | 76.5 | 78.4 76 76 75.4 | 78.2 | 83.2 | 769 | 775 | 77.7 | 79.2 | 769 | 76.2 | 749 | 79.6 77.5 86.5
4 1 0.166 1200 81.1 | 81.1 | 80.6 | 82.7 | 79.7 | 80.1 | 79.1 | 82.4 | 85.9 82 823 | 81.8 | 822 | 798 | 783 | 784 | 82.1 81.2 90.2
5 2 0.089 135 74.1 | 74.8 75 759 | 735 | 745 | 73.7 | 759 | 79.7 | 746 | 77.9 73 779 | 742 | 748 | 733 | 77.7 75.3 84.3
6 2 0.111 54 745 | 749 | 739 | 75.2 | 72.7 | 733 | 73.5 | 74.7 78 738 | 776 | 754 | 773 | 73.8 | 746 | 72.8 | 77.3 74.9 83.9

7 2 0.133 1200 82.2 | 81.2 | 80.7 | 829 | 79.5 | 80.1 | 79.8 | 83.3 | 87.6 | 81.8 83 82.5 | 84.2 | 81.2 | 80.6 | 79.9 | 84.3 82 91
8 2 0.166 500 785 | 784 | 78.2 | 81.6 | 79.1 | 79.8 79 80.1 | 865 | 781 | 798 | 78.7 | 803 | 77.6 | 77.7 | 79.8 | 81.6 79.7 88.7

9 3 0.089 500 78.9 | 79.6 78 827 | 77.7 | 783 | 785 | 81.7 | 87.2 | 789 | 81.1 80 80.6 | 781 | 783 | 78.4 | 82.1 80 89
10 3 0.111 1200 843 | 834 | 843 | 853 | 81.2 | 826 | 819 | 86.2 | 94.6 | 843 | 852 | 83.8 | 86.4 | 84.7 | 83.1 | 84.1 | 84.6 84.7 93.7
11 3 0.133 54 75 754 | 742 | 763 | 741 | 742 | 744 | 755 | 80.2 | 74.7 | 77.7 | 76.7 | 779 74 748 | 735 | 775 75.7 84.7
12 3 0.166 135 764 | 774 | 755 | 776 | 73.5 | 75.2 75 76.8 | 81.2 | 75.9 78 75.8 | 79.6 | 754 | 75.8 | 74.8 | 78.1 76.6 85.6
13 4 0.089 1200 81.7 | 82.8 | 819 | 84.2 | 79.5 80 79.8 | 843 | 86.2 | 81.2 | 829 | 829 | 84.1 | 80.8 | 81.4 | 79.8 | 85.5 82.3 91.3
14 4 0.111 500 82.5 | 80.1 | 80.4 | 85.7 | 80.8 | 80.2 | 79.3 | 81.1 | 90.4 | 81.5 | 823 | 81.6 | 849 | 81.2 | 823 | 79.8 | 86.6 82.4 91.4
15 4 0.133 135 79.2 | 786 | 789 | 808 | 77.7 | 781 | 77.8 | 79.8 | 85.6 | 79.4 | 818 | 79.4 | 81.1 | 788 | 785 | 76.7 81 79.6 88.6
16 4 0.166 54 748 | 765 | 747 | 76.1 | 74.1 | 742 | 74.7 | 76.1 | 82.7 | 75.7 | 779 | 76.7 | 78.3 75 75 73.9 | 76.9 76.1 85.1
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Table 3

Values of Sound pressure level (Lp) in dB(A) and Agustic power (Lw) in dB(A) (ref. 10-12 W) for Mild steel

Exp.no. | D.O.C Feed Speed Grid Points ?I‘.ng) Lw
(mm) | (mm/rev.) | (rpm) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 dB(A) dB(A)

1 0.5 0.089 54 739 | 757 | 73.7 | 749 | 728 | 72.6 | 72.2 | 735 | 773 | 72.8 | 77.4 | 748 | 77.6 | 73.5 | 73.2 | 72.3 | 75.2 74.3 83.3
2 0.5 0.095 135 739 | 76.2 | 73.7 | 749 | 724 | 72.7 | 723 | 734 | 78.2 72 776 | 75.3 78 738 | 729 | 72.5 | 75.2 74.4 83.4
3 0.5 0.102 325 75.6 | 77.2 | 75.8 | 78.3 76 75.1 | 746 | 759 | 80.2 75 78.8 | 77.6 | 80.2 | 75.2 78 74.4 77 76.8 85.8
4 0.5 0.111 770 82.7 | 81.8 | 79.2 | 84.1 | 83.1 | 8.8 | 81.3 | 82.3 | 85.9 | 80.9 | 83.5 | 82.5 | 82.3 | 80.2 | 78.8 | 80.6 | 83.4 82.3 91.3
5 1 0.089 135 74.7 75 738 | 746 | 751 | 73.1 | 729 | 73.7 | 778 | 739 | 77.1 | 75.1 78 731 | 73.4 | 73.1 | 75.6 74.7 83.7
6 1 0.095 54 73.7 | 74.3 73 744 | 726 | 71.7 | 726 | 745 | 769 | 728 | 779 | 746 | 77.8 | 733 | 73.1 | 72.4 | 74.8 74.1 83.1
7 1 0.102 770 79.6 | 826 | 835 | 8.5 | 82.1 | 82.8 | 80.8 | 825 | 83.1 | 814 | 849 | 81.2 84 80.5 | 81.2 | 79.9 | 82.6 82.5 91.5
8 1 0.111 325 745 | 756 | 74.7 | 759 | 743 | 749 | 73.2 | 743 | 793 | 743 | 79.2 | 769 | 79.2 | 748 | 75.2 | 73.9 | 76.6 75.7 84.7
9 1.5 0.089 325 73.6 | 749 | 746 | 753 | 72,6 | 729 | 73.6 | 749 | 782 | 74.2 | 769 | 76.2 | 77.2 | 745 | 73.2 | 72.9 76 74.8 83.8

10 1.5 0.095 770 787 | 794 | 786 | 80.1 | 77.2 | 775 | 769 | 789 | 82.2 | 77.5 | 814 | 79.5 | 81.2 78 779 | 775 | 79.7 79 88

11 1.5 0.102 54 732 | 744 | 732 | 741 | 726 | 71.7 | 724 74 77.2 | 733 | 76.2 | 748 | 775 | 733 | 72.7 | 72.1 | 74.8 74 83
12 1.5 0.111 135 73.4 75 735 | 745 | 728 | 72.1 | 73.1 | 735 | 77.1 | 73.5 76 753 | 77.7 | 728 | 72.8 | 72.3 | 75.2 74.2 83.2
13 2 0.089 770 79.2 | 79.7 | 78.3 80 77.5 80 78.3 79 82.7 | 795 | 84.1 | 80.5 | 814 | 79.1 | 78.2 | 77.7 | 79.2 79.7 88.7
14 2 0.095 325 73.7 | 751 | 745 | 755 | 74.1 | 73.7 73 75 78.6 | 739 | 76.9 76 77.7 | 735 | 73.6 | 73.4 | 75.4 74.9 83.9
15 2 0.102 135 73.4 75 73.6 | 748 | 72,6 | 729 | 72.9 74 78.1 | 73.1 | 76.2 | 75.5 78 726 | 72.3 | 72.7 | 75.2 74.3 83.3
16 2 0.111 54 733 | 744 | 733 | 742 | 726 | 72.1 73 738 | 76.4 | 733 | 763 | 745 | 76.7 | 725 | 72.2 | 72.1 | 74.8 73.9 82.9
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Table 4

Values of Sound pressure level (Lp) in dB(A) and Amustic power (Lw) in dB(A) (ref. 10-12 W) for Stairess steel

Exp.no. | D.O.C Feed Speed Grid Points ?:Ir)g) Lw
(mm) | (mm/rev.) (rpm) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 dB(A) | dB(A)
1 0.5 0.089 54 728 | 741 | 736 | 73.6 | 722 | 71.8 | 72.2 | 73.1 | 76.8 | 73.1 | 749 | 75.1 | 77.2 | 72.8 | 72.1 | 71.2 | 74.8 73.6 82.6
2 0.5 0.095 135 731 | 769 | 724 | 743 | 72.7 | 72.2 | 723 | 73.7 | 77.1 | 729 | 769 | 755 | 76.9 | 73.2 | 72.7 | 72.2 | 74.6 74.1 83.1
3 0.5 0.102 325 732 | 744 | 735 | 749 | 724 73 73 75.1 | 783 | 73.2 | 76.7 | 75.7 | 77.7 | 72.7 | 729 | 72.7 75 74.4 83.4
4 0.5 0.111 770 77.8 | 781 | 77.7 | 79.3 | 76.7 77 76.7 | 78.7 | 839 | 77.1 | 80.5 | 79.5 | 813 | 776 | 783 | 783 | 79.5 78.7 87.7
5 1 0.089 135 745 | 775 | 768 | 76.4 | 752 | 741 | 749 | 75.8 | 80.7 | 74.6 | 77.3 77 80.6 | 77.8 76 744 | 794 76.6 85.6
6 1 0.095 54 731 | 747 | 726 | 741 | 72.7 | 72.6 | 745 | 76.2 | 77.8 | 739 | 779 | 759 | 78.4 | 73.7 | 74.1 | 73.6 76 74.8 83.8
7 1 0.102 770 81.9 | 81.3 | 79.9 85 79.1 | 782 | 796 | 813 | 87.6 | 78.1 | 829 | 79.6 | 81.2 77 79.8 | 82.5 | 829 81.1 90.1
8 1 0.111 325 758 | 773 | 765 | 77.7 | 753 | 75.6 | 76,5 | 779 | 81.4 | 75.6 | 80.2 | 78.1 | 80.9 | 758 | 779 | 76.7 81 77.7 86.7
9 1.5 0.089 325 78.4 | 789 80 80.5 | 785 | 798 | 798 | 823 | 85.1 | 79.8 | 81.8 | 83.6 | 86.9 | 79.7 | 80.8 | 79.9 | 86.3 81.3 90.3

10 1.5 0.095 770 83.2 | 869 | 843 | 82.8 83 86.2 | 83.2 | 855 | 8.2 | 79.1 | 79.6 | 80.1 | 80.3 | 77.5 | 76.3 | 785 80 82 91

11 1.5 0.102 54 74 76.9 75 76.3 74 74.6 75 75,5 | 804 | 747 | 785 | 76.8 | 781 | 75.2 | 74.7 | 753 77 76 85
12 1.5 0.111 135 751 | 776 | 759 | 77.6 | 741 76 747 | 76.1 | 803 | 75.2 | 77.7 | 76.2 | 809 | 769 | 75.9 | 75.1 | 78.8 76.7 85.7
13 2 0.089 770 78.4 | 79.6 | 785 78 77 76.8 | 76.4 77 813 | 789 | 793 | 79.7 | 79.9 | 774 | 76.2 | 75.8 | 77.9 78.1 87.1
14 2 0.095 325 78.4 81 80.7 | 79.6 | 79.2 | 78,5 | 76.3 | 82.1 85 79.3 | 81.5 | 80.2 | 84.8 | 79.8 | 81.2 | 76.3 | 83.9 80.5 89.5
15 2 0.102 135 78.7 | 80.5 | 79.1 | 80.4 | 77.8 | 785 | 784 | 80.5 | 84.6 79 81.8 | 80.8 | 81.8 | 77.7 79 78.9 | 78.6 79.8 88.8
16 2 0.111 54 77.7 | 816 | 799 | 80.6 | 77.4 | 79.2 79 80.6 | 85.2 | 78.7 | 82.1 | 813 | 82.7 | 784 | 79.1 79 80.8 80.2 89.2
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APPENDIX -B

Table 1
Values of Sound pressure level (Lp) in dB(A) for Alminium

For constant depth of cut

Locations
Exp.no. | D.O.C Feed Speed A point B Point C point D Point E point

(mm) | (mm/rev.) (rpm) Obs.1 | Obs.?2 Avg. Obs. 1 Obs.2 | Avg. | Obs.1 Obs.2 | Avg. | Obs.1 Obs.2 | Avg. | Obs.1 | Obs.2 Avg.
1 1 0.089 54 76.9 76.1 76.5 76.2 76.3 76.3 76.9 77.1 77 75.8 74 74.9 76 76 76
2 1 0.111 135 75.8 76.5 76.2 76.2 76.6 76.4 77 78 77.5 73.8 73.4 73.6 75.3 75.8 75.6
3 1 0.133 500 78.3 77.7 78 78.7 77.9 78.3 80 80.1 80.1 76.2 76.1 76.2 79.2 79 79.1
4 1 0.166 1200 82.4 76.9 79.7 79.6 79.3 79.5 79.7 81.1 80.4 78.5 80.6 79.6 82.3 85.1 83.7
5 2 0.089 135 76.3 76.2 76.3 75.5 75.7 75.6 77 76.8 76.9 72.6 73.1 72.9 76.1 76.3 76.2
6 2 0.111 54 74.2 73.7 74 74.8 74.9 74.9 76.6 76.3 76.5 72.3 72.6 72.5 76.1 75.7 75.9
7 2 0.133 1200 78.8 78.1 78.5 75.3 79.8 77.6 76.3 80.3 78.3 74 77.2 75.6 77.2 81.1 79.2
8 2 0.166 500 78.5 78.4 78.5 78.1 77.6 77.9 80 79.5 79.8 73.2 75.3 74.3 78.3 78.3 78.3
9 3 0.089 500 79.1 78.5 78.8 77.8 78.3 78.1 79.3 79.6 79.5 75.6 75.4 75.5 78.8 78.5 78.7
10 3 0.111 1200 75.1 79.5 77.3 72.9 78.3 75.6 79.1 79.1 79.1 80.6 79.9 80.3 84.2 84.3 84.3
11 3 0.133 54 75.5 75.5 75.5 75.2 75 75.1 77.3 77.2 77.3 72.3 73.1 72.7 75.9 753 75.6
12 3 0.166 135 76.2 76 76.1 75.3 75.3 75.3 77.1 77.7 77.4 73.2 72.9 73.1 76 75.6 75.8
13 4 0.089 1200 83.6 83.2 83.4 82.6 82.9 82.8 84 83.8 83.9 80.1 80.1 80.1 84.6 84.6 84.6
14 4 0.111 500 78.6 78.4 78.5 76.6 77.7 77.2 79.5 79.4 79.5 75.3 75.4 75.4 78.3 78.1 78.2
15 4 0.133 135 76.2 75.6 75.9 75.8 74.6 75.2 77.2 77.7 77.5 73.7 73.1 73.4 76 77 76.5
16 4 0.166 54 76 76.3 76.2 75.2 75.4 75.3 77.8 77.2 77.5 73.6 73 73.3 76.2 76.3 76.3
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Table 2

Values of Sound pressure level (Lp) in dB(A) for Bass

For constant depth of cut

Locations
Exp. no. D.O0.C Feed Speed A point B Point C point D Point E point

(mm) (mm/rev.) (rpm) Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg.
1 1 0.089 54 77.3 77.3 773 76.2 76.3 76.3 77.9 77.9 77.9 73.1 733 73.2 77.8 76.3 77.1
2 1 0.111 135 79.1 78.1 78.6 77.9 76.5 77.2 77.3 78 77.7 74.9 74.3 74.6 78.8 78.8 78.8
3 1 0.133 500 80.1 79.4 79.8 79.3 78.8 79.1 80 80.6 80.3 76.9 76.2 76.6 82 81.4 81.7
4 1 0.166 1200 84.6 80.5 82.6 83.4 78.2 80.8 85.7 82.7 84.2 80.9 82.3 81.6 88.2 90.7 89.5
5 2 0.089 135 77.8 77.2 77.5 78.4 76 77.2 77.8 78.3 78.1 74.2 74.1 74.2 78.2 79.7 79.0
6 2 0.111 54 76.9 77.4 77.2 75.8 76 75.9 773 77.5 77.4 74.1 73.6 73.9 76 77.1 76.6
7 2 0.133 1200 86.8 82.3 84.6 83 80.4 81.7 85.3 84.9 85.1 81.3 80.3 80.8 89.4 85.6 87.5
8 2 0.166 500 81.5 82.9 82.2 823 79.7 81 81.6 81.5 81.6 77.9 77.8 77.9 82.6 83.4 83
9 3 0.089 500 81.3 81 81.2 80.2 79 79.6 81.6 80.4 81 76.7 77 76.9 82.3 81.6 82.0
10 3 0.111 1200 84.4 82.4 83.4 81.7 81.9 81.8 85 85.2 85.1 81.5 81.7 81.6 85.2 88.6 86.9
11 3 0.133 54 76.3 76.7 76.5 76.1 76.3 76.2 77.1 77.8 77.5 73.8 74.3 74.1 76.2 78 77.1
12 3 0.166 135 78.8 79 78.9 77.1 78 77.6 78.4 79.1 78.8 76 75.9 76.0 78.7 82.6 80.7
13 4 0.089 1200 85 86.2 85.6 83.7 84.5 84.1 84.4 85.4 84.9 80.9 81.9 81.4 90.6 88.6 89.6
14 4 0.111 500 80.5 82.5 81.5 79.5 79.3 79.4 80.8 80.7 80.8 78.2 78.3 78.3 83.3 85.7 84.5
15 4 0.133 135 77.5 79.4 78.5 76.7 77.4 77.1 78.4 78.6 78.5 74.8 75 74.9 77.4 79.7 78.6
16 4 0.166 54 76.7 78.1 77.4 76.8 78.2 77.5 76.6 79.1 77.9 74.1 75 74.6 77.9 75 76.5
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Table 3

Values of Sound pressure level (Lp) in dB(A) for Md steel

For constant depth of cut

Locations
Exp. no. D.0.C Feed Speed A point B Point C point D Point E point

(mm) (mm/rev.) (rpm) Obs.1 Obs.2 Avg. Obs.1 Obs.2 Avg. Obs.1 Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 | Avg.
1 0.5 0.089 54 76.3 76.8 76.6 76.7 76.3 76.5 76.1 75.6 75.9 72.1 73 72.6 76.6 76.7 76.7
2 0.5 0.095 135 76.3 76.9 76.6 76.2 76.6 76.4 76 76.5 76.3 73.1 73.5 73.3 77.5 77.4 77.5
3 0.5 0.102 325 76.6 77.5 77.1 77.4 76.9 77.2 76.1 76.5 76.3 734 733 73.4 78.5 78.3 78.4
4 0.5 0.111 770 79.7 80.5 80.1 80.4 80.2 80.3 80.5 80.9 80.7 77.7 77.5 77.6 82.8 83.3 83.1
5 1 0.089 135 75.8 76.2 76 77.1 77.2 77.2 76.2 76.2 76.2 733 73.7 73.5 79 79 79
6 1 0.095 54 76.5 76.4 76.5 76.6 76 76.3 76.7 774 77.1 73.1 729 73 79.7 78.9 79.3
7 1 0.102 770 81.6 82.3 82.0 82.3 81.6 82.0 88.2 85.8 87 79 80.4 79.7 88.2 88.3 88.3
8 1 0.111 325 77.1 76.2 76.7 77.2 77.4 773 77.2 77.5 77.4 74.3 74.1 74.2 79.2 79.4 79.3
9 1.5 0.089 325 77.1 76.6 76.9 77.9 78.1 78 77.4 78.8 78.1 74.5 74.1 74.3 80.4 80.5 80.5
10 1.5 0.095 770 80.9 81 81.0 81.5 81.2 81.4 82.1 82.2 82.2 79.5 78.5 79 84.2 84.8 84.5
11 1.5 0.102 54 75.8 75.8 75.8 76.9 77.4 77.2 76.7 77 76.9 734 73.8 73.6 79 78.7 78.9
12 1.5 0.111 135 75.9 76.2 76.1 77.1 76.8 77.0 76.5 76.4 76.5 73.2 73 73.1 78.7 78.8 78.8
13 2 0.089 770 79.8 79.8 79.8 80 80.1 80.1 79.7 80.3 80 77.3 77.5 77.4 83.4 82.9 83.2
14 2 0.095 325 76.8 76.9 76.9 77.4 77.9 77.7 77.6 77.6 77.6 74.7 74.7 74.7 81.2 79.8 80.5
15 2 0.102 135 75.7 76.5 76.1 76.6 77 76.8 76.6 76.2 76.4 73.4 72.9 73.2 79.8 79 79.4
16 2 0.111 54 77.7 76.9 77.3 77.7 77.8 77.8 76.8 76.6 76.7 73 73.5 73.3 78.1 77.7 77.9
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Table 4

Values of Sound pressure level (Lp) in dB(A) for Stinless steel

For constant depth of cut

Locations
Exp. no. D.0.C Feed Speed A point B Point C point D Point E point

(mm) (mm/rev.) (rpm) Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg.
1 0.5 0.089 54 76.2 77.4 76.8 76.5 76 76.3 76.1 75.9 76 72.3 72.2 723 78.7 78.5 78.6
2 0.5 0.095 135 76.1 76.7 76.4 76.1 77.1 76.6 76.1 76.4 76.3 72.5 72.9 72.7 78.6 78.3 78.5
3 0.5 0.102 325 76.2 76.3 76.3 77.4 77 77.2 76.5 76.8 76.7 73.6 72.9 733 78.9 79 79
4 0.5 0.111 770 79.6 80 79.8 80.3 80.4 80.4 80.4 80.4 80.4 77.2 77.1 77.2 82.5 84.6 83.6
5 1 0.089 135 77.5 78.1 77.8 77.1 77.5 773 77.1 76.6 76.9 74.7 74.9 74.8 80.2 80.8 80.5
6 1 0.095 54 75.5 76.1 75.8 76.9 76.3 76.6 76.1 75.8 76 72.9 72.6 72.8 78.9 79.2 79.1
7 1 0.102 770 80.1 85.7 82.9 83.9 80.1 82 80.2 80.4 80.3 77.6 77.9 77.8 82.6 83.6 83.1
8 1 0.111 325 77 77.5 773 77.3 77.4 77.4 76.5 76.8 76.7 72.9 73.2 73.1 78.5 79.1 78.8
9 1.5 0.089 325 81.8 81.2 81.5 83.5 83.8 83.7 81 82.1 81.6 81 80.2 80.6 84 84.2 84.1
10 1.5 0.095 770 84.4 82 83.2 89.5 81.6 85.6 83.8 86.2 85 84.7 87.8 86.3 87.6 84.6 86.1
11 1.5 0.102 54 76.3 75.1 75.7 76.4 76.2 76.3 75.3 74.4 74.9 72.6 71.9 723 77.1 77.7 77.4
12 1.5 0.111 135 77 76.7 76.9 77.5 76.7 77.1 76.4 79.9 78.2 75.7 74.6 75.2 78.8 79.3 79.1
13 2 0.089 770 79.2 84.8 82 80.1 80.7 80.4 80 80.7 80.4 77.3 77.5 77.4 82.8 82.8 82.8
14 2 0.095 325 81 78.5 79.8 79 78.7 78.9 77.7 81.6 79.7 73.6 73.7 73.7 84.4 77.7 81.1
15 2 0.102 135 76.4 76.2 76.3 77.3 76.1 76.7 76.6 77.3 77.0 73.8 73.1 73.5 79.4 79.3 79.4
16 2 0.111 54 76.7 77.1 76.9 76.1 76.9 76.5 74.1 74.3 74.2 72.2 72.9 72.6 78.8 77.9 78.4
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Table 5
Values of Sound pressure level (Lp) in dB(A) for Alminium

For constant feed

Locations
Exp. no. Feed D.O0.C Speed A point B Point C point D Point E point

(mm/rev.) (mm) (rpm) Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg.
1 0.089 1 54 76.9 76.1 76.5 76.2 76.3 76.3 76.9 77.1 77 75.8 74 74.9 76 76 76
2 0.089 2 135 76.3 76.2 76.3 75.5 75.7 75.6 77 76.8 76.9 72.6 73.1 72.9 76.1 76.3 76.2
3 0.089 3 500 79.1 78.5 78.8 77.8 78.3 78.1 79.3 79.6 79.5 75.6 75.4 75.5 78.8 78.5 78.7
4 0.089 4 1200 83.6 83.2 83.4 82.6 82.9 82.8 84 83.8 83.9 80.1 80.1 80.1 84.6 84.6 84.6
5 0.111 1 135 75.8 76.5 76.2 76.2 76.6 76.4 77 78 77.5 73.8 734 73.6 75.3 75.8 75.6
6 0.111 2 54 74.2 73.7 74.0 74.8 74.9 74.9 76.6 76.3 76.5 723 72.6 72.5 76.1 75.7 75.9
7 0.111 3 1200 75.1 79.5 77.3 72.9 78.3 75.6 79.1 79.1 79.1 80.6 79.9 80.3 84.2 84.3 84.3
8 0.111 4 500 78.6 78.4 78.5 76.6 77.7 77.2 79.5 79.4 79.5 75.3 75.4 75.4 78.3 78.1 78.2
9 0.133 1 500 78.3 77.7 78 78.7 77.9 78.3 80 80.1 80.1 76.2 76.1 76.2 79.2 79 79.1
10 0.133 2 1200 78.8 78.1 78.5 75.3 79.8 77.6 76.3 80.3 78.3 74 77.2 75.6 77.2 81.1 79.2
11 0.133 3 54 75.5 75.5 75.5 75.2 75 75.1 773 77.2 77.3 723 73.1 72.7 75.9 75.3 75.6
12 0.133 4 135 76.2 75.6 75.9 75.8 74.6 75.2 77.2 77.7 77.5 73.7 73.1 73.4 76 77 76.5
13 0.166 1 1200 82.4 76.9 79.7 79.6 79.3 79.5 79.7 81.1 80.4 78.5 80.6 79.6 82.3 85.1 83.7
14 0.166 2 500 78.5 78.4 78.5 78.1 77.6 77.9 80 79.5 79.8 73.2 75.3 74.3 78.3 78.3 78.3
15 0.166 3 135 76.2 76 76.1 75.3 75.3 75.3 77.1 77.7 77.4 73.2 72.9 73.1 76 75.6 75.8
16 0.166 4 54 76 76.3 76.2 75.2 75.4 75.3 77.8 77.2 77.5 73.6 73 73.3 76.2 76.3 76.3
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Table 6

Values of Sound pressure level (Lp) in dB(A) for Bass

For constant feed

Locations
Exp. no. Feed D.0.C Speed A point B Point C point D Point E point

(mm/rev.) | (mm) (rpm) Obs.1 Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg.
1 0.089 1 54 773 77.3 773 76.2 76.3 76.3 77.9 77.9 77.9 73.1 73.3 73.2 77.8 76.3 77.1
2 0.089 2 135 77.8 77.2 77.5 78.4 76 77.2 77.8 78.3 78.1 74.2 74.1 74.2 78.2 79.7 79
3 0.089 3 500 81.3 81 81.2 80.2 79 79.6 81.6 80.4 81 76.7 77 76.9 82.3 81.6 82
4 0.089 4 1200 85 86.2 85.6 83.7 84.5 84.1 84.4 85.4 84.9 80.9 81.9 81.4 90.6 88.6 89.6
5 0.111 1 135 79.1 78.1 78.6 77.9 76.5 77.2 77.3 78 77.7 74.9 74.3 74.6 78.8 78.8 78.8
6 0.111 2 54 76.9 77.4 77.2 75.8 76 75.9 77.3 77.5 77.4 74.1 73.6 73.9 76 77.1 76.6
7 0.111 3 1200 84.4 82.4 83.4 81.7 81.9 81.8 85 85.2 85.1 81.5 81.7 81.6 85.2 88.6 86.9
8 0.111 4 500 80.5 82.5 81.5 79.5 79.3 79.4 80.8 80.7 80.8 78.2 78.3 78.3 83.3 85.7 84.5
9 0.133 1 500 80.1 79.4 79.8 79.3 78.8 79.1 80 80.6 80.3 76.9 76.2 76.6 82 81.4 81.7
10 0.133 2 1200 86.8 82.3 84.6 83 80.4 81.7 85.3 84.9 85.1 81.3 80.3 80.8 89.4 85.6 87.5
11 0.133 3 54 76.3 76.7 76.5 76.1 76.3 76.2 77.1 77.8 77.5 73.8 74.3 74.1 76.2 78 77.1
12 0.133 4 135 77.5 79.4 78.5 76.7 77.4 77.1 78.4 78.6 78.5 74.8 75 74.9 77.4 79.7 78.6
13 0.166 1 1200 84.6 80.5 82.6 83.4 78.2 80.8 85.7 82.7 84.2 80.9 82.3 81.6 88.2 90.7 89.5
14 0.166 2 500 81.5 82.9 82.2 82.3 79.7 81 81.6 81.5 81.6 77.9 77.8 77.9 82.6 83.4 83
15 0.166 3 135 78.8 79 78.9 77.1 78 77.6 78.4 79.1 78.8 76 75.9 76 78.7 82.6 80.7
16 0.166 4 54 76.7 78.1 77.4 76.8 78.2 77.5 76.6 79.1 77.9 74.1 75 74.6 77.9 75 76.5
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Table 7
Values of Sound pressure level (Lp) in dB(A) for Md steel

For constant feed

Locations
Exp. no. Feed D.O0.C Speed A point B Point C point D Point E point

(mm/rev.) (mm) (rpm) Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg.
1 0.089 0.5 54 76.3 76.8 76.6 76.7 76.3 76.5 76.1 75.6 75.9 72.1 73 72.6 76.6 76.7 76.7
2 0.089 1 135 75.8 76.2 76 77.1 77.2 77.2 76.2 76.2 76.2 73.3 73.7 73.5 79 79 79
3 0.089 1.5 325 77.1 76.6 76.9 77.9 78.1 78 77.4 78.8 78.1 74.5 74.1 74.3 80.4 80.5 80.5
4 0.089 2 770 79.8 79.8 79.8 80 80.1 80.1 79.7 80.3 80 77.3 77.5 77.4 83.4 82.9 83.2
5 0.095 0.5 135 76.3 76.9 76.6 76.2 76.6 76.4 76 76.5 76.3 73.1 73.5 733 77.5 77.4 77.5
6 0.095 1 54 76.5 76.4 76.5 76.6 76 76.3 76.7 77.4 77.1 73.1 72.9 73 79.7 78.9 79.3
7 0.095 1.5 770 80.9 81 81 81.5 81.2 81.4 82.1 82.2 82.2 79.5 78.5 79 84.2 84.8 84.5
8 0.095 2 325 76.8 76.9 76.9 77.4 77.9 77.7 77.6 77.6 77.6 74.7 74.7 74.7 81.2 79.8 80.5
9 0.102 0.5 325 76.6 77.5 77.1 77.4 76.9 77.2 76.1 76.5 76.3 73.4 73.3 73.4 78.5 78.3 78.4
10 0.102 1 770 81.6 82.3 82 82.3 81.6 82 88.2 85.8 87 79 80.4 79.7 88.2 88.3 88.3
11 0.102 1.5 54 75.8 75.8 75.8 76.9 77.4 77.2 76.7 77 76.9 73.4 73.8 73.6 79 78.7 78.9
12 0.102 2 135 75.7 76.5 76.1 76.6 77 76.8 76.6 76.2 76.4 73.4 72.9 73.2 79.8 79 79.4
13 0.111 0.5 770 79.7 80.5 80.1 80.4 80.2 80.3 80.5 80.9 80.7 77.7 77.5 77.6 82.8 83.3 83.1
14 0.111 1 325 77.1 76.2 76.7 77.2 77.4 77.3 77.2 77.5 77.4 74.3 74.1 74.2 79.2 79.4 79.3
15 0.111 1.5 135 75.9 76.2 76.1 77.1 76.8 77 76.5 76.4 76.5 73.2 73 73.1 78.7 78.8 78.8
16 0.111 2 54 77.7 76.9 77.3 77.7 77.8 77.8 76.8 76.6 76.7 73 73.5 73.3 78.1 77.7 77.9
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Table 8

Values of Sound pressure level (Lp) in dB(A) for Stinless steel

For constant feed

Locations
Exp. no. Feed D.0.C Speed A point B Point C point D Point E point

(mm/rev.) | (mm) (rpm) Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 Obs.2 Avg. Obs.1 | Obs.2 Avg. Obs.1 | Obs.2 Avg.
1 0.089 0.5 54 76.2 77.4 76.8 76.5 76 76.3 76.1 75.9 76 723 72.2 72.3 78.7 78.5 78.6
2 0.089 1 135 77.5 78.1 77.8 77.1 77.5 77.3 77.1 76.6 76.9 74.7 74.9 74.8 80.2 80.8 80.5
3 0.089 1.5 325 81.8 81.2 81.5 83.5 83.8 83.7 81 82.1 81.6 81 80.2 80.6 84 84.2 84.1
4 0.089 2 770 79.2 84.8 82 80.1 80.7 80.4 80 80.7 80.4 77.3 77.5 77.4 82.8 82.8 82.8
5 0.095 0.5 135 76.1 76.7 76.4 76.1 77.1 76.6 76.1 76.4 76.3 725 729 72.7 78.6 78.3 78.5
6 0.095 1 54 75.5 76.1 75.8 76.9 76.3 76.6 76.1 75.8 76 72.9 72.6 72.8 78.9 79.2 79.1
7 0.095 1.5 770 84.4 82 83.2 89.5 81.6 85.6 83.8 86.2 85 84.7 87.8 86.3 87.6 84.6 86.1
8 0.095 2 325 81 78.5 79.8 79 78.7 78.9 77.7 81.6 79.7 73.6 73.7 73.7 84.4 77.7 81.1
9 0.102 0.5 325 76.2 76.3 76.3 77.4 77 77.2 76.5 76.8 76.7 73.6 729 73.3 78.9 79 79
10 0.102 1 770 80.1 85.7 82.9 83.9 80.1 82 80.2 80.4 80.3 77.6 77.9 77.8 82.6 83.6 83.1
11 0.102 1.5 54 76.3 75.1 75.7 76.4 76.2 76.3 75.3 74.4 74.9 72.6 71.9 72.3 77.1 77.7 77.4
12 0.102 2 135 76.4 76.2 76.3 773 76.1 76.7 76.6 77.3 77 73.8 73.1 73.5 79.4 79.3 79.4
13 0.111 0.5 770 79.6 80 79.8 80.3 80.4 80.4 80.4 80.4 80.4 77.2 77.1 77.2 82.5 84.6 83.6
14 0.111 1 325 77 77.5 773 773 774 77.4 76.5 76.8 76.7 72.9 73.2 73.1 78.5 79.1 78.8
15 0.111 1.5 135 77 76.7 76.9 77.5 76.7 77.1 76.4 79.9 78.2 75.7 74.6 75.2 78.8 79.3 79.1
16 0.111 2 54 76.7 77.1 76.9 76.1 76.9 76.5 74.1 74.3 74.2 72.2 72.9 72.6 78.8 77.9 78.4
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APPENDIX - C

Table 1

Observation for SPL in dB(A) for Aluminium

Exp. no. | D.O.C Feed Speed Frequency in Hz

(mm) | (mm/rev.) | (rpm) | 31.5 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
1 1 0.089 54 54.3 | 60.8 | 62.5 | 68.9 | 73.8 | 75.1 65 53.9 | 45.1
2 1 0.111 135 58 573 | 638|693 | 743 | 75.6 65.6 61.7 51.2
3 1 0.133 500 545 | 559 | 629 | 70.7 | 74.8 | 76.3 | 69.6 | 60.2 | 50.1
4 1 0.166 1200 | 569 | 59 | 65.6 | 706 | 77 | 83.1 79 716 | 619
5 2 0.089 135 58.2 | 60.8 | 63.5 | 69.3 | 73.4 | 749 | 644 | 544 | 46.8
6 2 0.111 54 56.6 | 58.2 | 64.7 | 71.4 | 743 | 75.1 | 66.6 | 58.9 | 49.9
7 2 0.133 1200 | 54.8 | 60.8 | 645 | 71.7 | 788 | 833 | 79.9 | 71.8 | 625
8 2 0.166 500 59 | 575|628 | 706|749 | 76.6 | 69.4 | 60.9 | 50.8
9 3 0.089 500 56 | 58.1 | 63.5 | 74.8 | 75.2 | 76.9 | 69.8 61 55.1
10 3 0.111 1200 | 56.4 | 64.1 | 68.3 | 73.6 | 77.8 83 80 714 | 62.1
11 3 0.133 54 573 | 585 | 63.2 | 68.3 | 73.6 | 74.2 65.1 54.9 45.4
12 3 0.166 135 58.4 | 57.1 | 63.6 | 68.8 | 74.2 | 74.6 65 547 | 45.9
13 4 0.089 1200 | 61.6 | 61.2 | 64.6 | 72.8 | 78.4 | 88.8 80 72.7 | 65.6
14 4 0.111 500 60.9 | 59.9 | 60.5 | 70.6 | 74.7 | 759 | 69.2 | 60.2 | 51.4
15 4 0.133 135 60.7 | 58.4 | 61.9 | 68.3 | 74.2 | 74.6 | 65.8 | 57.2 | 48.1
16 4 0.166 54 58.4 | 585 | 61.2 | 68.1 74 74.2 66.2 56.2 47.8
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Table 2

Observation for SPL in dB(A) for Brass

Exp. no. | D.O.C Feed Speed Frequency in Hz

(mm) | (mm/rev.) | (rpm) | 31.5 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
1 1 0.089 54 64.7 | 61.6 | 62.6 | 68.1 | 64.1 | 745 | 67.3 | 56.2 | 46.8
2 1 0.111 135 65 60.7 | 64.7 | 70.2 | 73.8 | 77.2 66.6 57.3 48.1
3 1 0.133 500 62.3 | 55.7 | 63.2 | 70.9 | 75.5 | 784 | 72.4 | 67.2 | 72.3
4 1 0.166 1200 65 59 | 66.5| 709|773 | 821 | 793 | 71.8 | 85.7
5 2 0.089 135 66.6 | 60.5 | 649 | 69.5 | 72.7 | 76.8 | 78.9 | 70.7 | 54.1
6 2 0.111 54 61.5 | 579 | 62.6 | 69.2 | 73.8 | 74.2 67 57.5 | 46.5
7 2 0.133 1200 | 62.8 | 61.7 | 66 | 71.2 | 76.7 | 819 | 79.9 72 83.6
8 2 0.166 500 60.1 | 58.7 | 65.2 | 71.5 | 75.2 80 74.4 85 75.8
9 3 0.089 500 58.6 | 55.6 | 63.7 | 77.7 | 75.3 | 78.4 73.1 75.9 77.6
10 3 0.111 1200 | 58.8 | 56.3 | 65.7 | 70.5 | 76.4 | 81.7 | 79.6 | 71.8 | 79.3
11 3 0.133 54 51.5 | 593 | 609 | 71.4 | 74.1 | 74.8 | 69.6 59 49.7
12 3 0.166 135 56.3 | 57.4 | 65.4 | 71.5 | 74.6 | 82.1 | 84.5 | 74.8 | 68.6
13 4 0.089 1200 | 52.8 | 57.8 | 689 | 75.6 | 78.1 | 81.8 | 82.3 | 86.6 | 78.7
14 4 0.111 500 56.2 | 55.4 | 64.6 | 699 | 75.2 | 84.3 76.1 79.6 77.5
15 4 0.133 135 57.1 | 55.8 67 72.4 | 75.3 | 80.6 77.6 71.1 67.6
16 4 0.166 54 60 59.1 | 654 | 75.7 | 74.7 | 75.8 71.1 63.6 56.3
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Table 3

Observation for SPL in dB(A) for Mild steel

Exp. no. | D.O.C Feed Speed Frequency in Hz

(mm) | (mm/rev.) | (rpm) | 31.5 | 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
1 0.5 0.089 54 58 | 603 | 71.7 | 75.4 | 79.6 67 56.1 | 455 | 39.2
2 0.5 0.095 135 57.7 | 58.7 | 66.2 | 74.4 | 76.1 | 79.5 | 68.6 | 56.8 | 46.9
3 0.5 0.102 325 58 | 598|665 | 74 | 77.1| 80.1 | 69.8 | 58.5 | 49.1
4 0.5 0.111 770 545 | 59.3 | 685 | 76.7 | 79.2 | 815 75.5 66.7 56.8
5 1 0.089 135 549 | 58.4 | 655 | 714 | 749 | 78.8 67 56.5 46.7
6 1 0.095 54 58.7 | 58.2 | 649 | 71.5 | 74.7 | 79.4 | 67.7 | 56.3 | 46.3
7 1 0.102 770 | 55.8 | 59.4 | 73.1 | 814 | 80.4 | 822 | 77.2 | 67.7 | 59.9
8 1 0.111 325 60.3 | 59.7 | 65.9 | 73.8 | 76.7 | 79.1 | 68.7 | 59.5 | 50.8
9 1.5 0.089 325 56.4 | 61.9 | 699 | 76 | 76.6 | 783 | 69.3 | 60.1 | 50.7
10 1.5 0.095 770 | 56.3 | 58.7 | 75.3 | 82 | 80.8 82 77 70 65.2
11 1.5 0.102 54 545 | 58.8 | 65.4 | 70.3 | 74.1 78 67.4 | 56.4 | 46.1
12 1.5 0.111 135 55.1 | 57.7 | 66.4 | 72.8 | 74.3 | 78.3 67 549 | 45.9
13 2 0.089 770 | 553 | 584 | 678 | 77.6 | 823 | 81.2 | 76.4 | 67.8 | 61.7
14 2 0.095 325 56.7 | 60.2 | 69.6 | 76.6 | 76.9 | 788 | 69.1 | 579 | 49.1
15 2 0.102 135 54 58 | 679 | 734 | 742 | 786 67 55.1 | 474
16 2 0.111 54 59.8 | 624 | 67 | 722|742 | 788 | 66.7 | 53.9 46
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Table 4

Observation for SPL in dB(A) for Stainless steel

Exp. no. | D.O.C Feed Speed Frequency in Hz

(mm) | (mm/rev.) | (rpm) | 31.5 | 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
1 0.5 0.089 54 59.2 | 57.2 | 64.6 | 73.1 | 724 | 76.4 66.7 | 55.2 | 46.2
2 0.5 0.095 135 | 56.5 | 54.7 | 65.2 | 74.2 | 73.8 | 77.9 67.7 | 56.8 | 47.3
3 0.5 0.102 325 | 547|569 | 64.6 | 73.5 | 73.7 | 78.2 69 60.7 | 48.5
4 0.5 0.111 770 57 |56.1| 632|733 |781| 859 78.7 | 74.6 60
5 1 0.089 135 |59.3 |583 | 652 | 73 | 73.7 78 68.1 | 56.2 | 46.8
6 1 0.095 54 54.1 | 55 | 63.4 | 724 | 74 77.4 66.8 | 56.7 | 47.2
7 1 0.102 770 | 57.2 | 63.8 | 63.9 | 73.9 | 80.1 | 83.7 | 78.2 70 58.6
8 1 0.111 325 59 55 65.5 75 748 | 78.8 69.2 61.5 49.4
9 1.5 0.089 325 | 549|546 | 63.7 | 75 75 78.1 70.4 59 48.6
10 1.5 0.095 770 | 53.5|56.5| 62.8 | 71.4 | 78.8 | 90.2 81 71.7 63
11 1.5 0.102 54 57.1 | 56.9 | 64.1 | 72.7 | 743 | 77.9 67.2 | 55.1 | 45.7
12 1.5 0.111 135 55 | 556 | 653 | 745|747 | 78.1 67.7 55.5 46.4
13 2 0.089 770 | 56.8 | 54.8 | 62 | 71.2 | 77.6 | 90.9 82.8 | 69.3 | 60.2
14 2 0.095 325 | 574|564 | 646 | 77.1 | 75.7 | 78.9 70.5 59 50
15 2 0.102 135 |56.1 | 53.9 | 65.2 | 73.7 | 74.8 | 78.6 68.1 | 56.3 | 48.4
16 2 0.111 54 56.9 | 56.5 | 63.8 | 73.9 | 74 78.1 68 55.8 | 47.8
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APPENDIX -D

Acoustic power is calculated with the help of sound pressure level. Sound power is
calculated from the formula:

L, =L, +10log,(S/S,)
L = Sound power in dB(A) (ref. 10-12 W)
L = Average sound pressure level in dB(A)
S = Reference area (1 m?)
S = Hypothetical surface area
Length,a=2.15m
Breadth, b=0.6 m
Height,c=1.22m
Area, S= a*b + 2(a*c + b*C)
S=215%0.6 + 2(2.15¢1.22 + 0.6*1.22)
S=8m’
L, =L, +10log,(S/S,)
The equation is reduced to:
L, =L, +10log, (8/1)
L, =L, +10*0.90

L,=L,+9
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APPENDIX-E
Table 1
Analysis of variance (ANOVA) and Main effect plot \alues

For Aluminium

Analysis of variance

At point A
Parameters Sum of squares Degree of freedom Variance F-Test
Depth of cut 7.3 3 2.4 2.3
Feed 115 3 3.8 3.5
Speed 46.3 3 15.4 14
Total 71.5 15 4.8 -
Error 6.5 6 1.1 -
At point B
Parameters Sum of squares Degree of freedom Variance F-Test
Depth of cut 7.8 3 2.6 1.2
Feed 10.2 3 3.4 1.6
Speed 34.3 3 11.4 5.5
Total 64.9 15 4.3 -
Error 12.6 6 2.1 -
At point C
Parameters Sum of squares Degree of freedom Variance F-Test
Depth of cut 6.5 3 2.2 1.4
Feed 3.5 3 1.2 0.7
Speed 34.2 3 11.4 7.2
Total 53.6 15 3.6 -
Error 9.5 6 1.6 -
At point D
Parameters Sum of squares Degree of freedom Variance F-Test
Depth of cut 11.4 3 3.8 4.7
Feed 4.1 3 1.4 1.7
Speed 83.5 3 27.8 34.2
Total 104 15 6.9 -
Error 5 6 0.8 -
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At point E
Parameters Sum of squares Degree of freedom Variance F-Test
Depth of cut 53 3 1.8 0.9
Feed 3.5 3 1.2 0.6
Speed 129 3 43 21.8
Total 149.7 15 10 -
Error 11.8 6 2 -

Main effect plot values

Locations Depth of cut
1 2 3 4
A Point 77.6 76.8 76.9 78.5
B Point 77.6 76.5 76 77.6
C Point 78.7 77.9 78.3 79.6
D Point 76.1 73.8 75.4 75.5
E Point 78.6 77.4 78.6 78.9
Locations Feed
0.089 0.111 0.133 0.166
A Point 78.7 76.5 77 77.6
B Point 78.2 76 76.5 77
C Point 79.3 78.1 78.3 78.8
D Point 75.8 75.4 74.5 75
E Point 78.9 78.5 77.6 78.5
Locations Speed
54 135 500 1200
A Point 75.5 76.1 78.4 79.7
B Point 75.4 75.6 77.8 78.8
C Point 77.1 77.3 79.7 80.4
D Point 73.3 73.2 75.3 78.9
E Point 75.9 76 78.6 82.9
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Analysis of variance (ANOVA) and Main effect plot \alues

Table 2

For Brass
Analysis of variance
A Point
Parameters | Sum of squares Degree of freedom Variance F-Test
Depth of cut 3.1 3 1 1
Feed 0.7 3 0.2 0.2
Speed 114.4 3 38.1 38.1
Total 124.5 15 8.3 -
Error 6.3 6 1 -
B Point
Parameters | Sum of squares | Degree of freedom Variance F-Test
Depth of cut 2.9 3 1 1.2
Feed 2.1 3 0.7 0.8
Speed 78.6 3 26.2 32.5
Total 88.4 15 5.9 -
Error 4.8 6 0.8 -
C Point
Parameters | Sum of squares | Degree of freedom Variance F-Test
Depth of cut 0.8 3 0.3 15
Feed 0.3 3 0.1 0.5
Speed 128.3 3 42.8 214
Total 130.6 15 8.7 -
Error 1.2 6 0.2 -
D Point
Parameters | Sum of squares | Degree of freedom Variance F-Test
Depth of cut 1.6 3 0.5 5
Feed 2.9 3 1 10
Speed 131.8 3 43.9 439
Total 136.9 15 9.1 -
Error 0.5 6 0.1 -
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E Point

Parameters | Sum of squares Degree of freedom Variance F-Test

Depth of cut 1.4 3 0.5 0.3
Feed 2.8 3 0.9 0.6
Speed 302.9 3 101 63.1
Total 316.5 15 21.1 -
Error 9.3 6 1.6 -

Main effect plot values

Locations Depth of cut
1 2 3 4
A Point 79.6 80.4 80 80.7
B Point 78.3 79 78.8 79.5
C Point 80 80.5 80.6 80.5
D Point 76.5 76.7 77.1 77.3
E Point 81.8 81.5 81.7 82.3
Locations Feed
0.089 0.111 0.133 0.166
A Point 80.4 80.2 79.8 80.3
B Point 79.3 78.6 78.5 79.2
C Point 80.5 80.2 80.3 80.6
D Point 76.4 77.1 76.6 77.5
E Point 81.9 81.7 81.2 82.4
Locations Speed
54 135 500 1200
A Point 77.1 78.4 81.2 84
B Point 76.5 77.3 79.8 82.1
C Point 77.7 78.2 80.9 84.8
D Point 73.9 74.9 77.4 81.4
E Point 76.8 79.2 82.8 88.4
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Table 3

Analysis of variance (ANOVA) and Main effect plot \alues

For Mild Steel
Analysis of variance
A Point
Parameters | Sum of squares Degree of freedom Variance F-Test
Depth of cut 0.3 3 0.1 0.1
Feed 0.5 3 0.2 0.3
Speed 53.3 3 17.8 29.6
Total 57.5 15 3.8 -
Error 3.5 6 0.6 -
B Point
Parameters Sum of squares Degree of freedom | Variance F-Test
Depth of cut 1.3 3 0.4 0.9
Feed 0.3 3 0.1 0.2
Speed 44.9 3 15 30
Total 49.4 15 33 -
Error 2.8 6 0.5 -
C Point
Parameters Sum of squares Degree of freedom | Variance F-Test
Depth of cut 10.4 3 35 1.3
Feed 5.9 3 2 0.7
Speed 99.8 3 33.3 12.4
Total 132.3 15 8.8 -
Error 16.1 6 2.7 -
D Point
Parameters Sum of squares Degree of freedom | Variance F-Test
Depth of cut 2 3 0.7 1.7
Feed 1 3 0.3 0.8
Speed 75.3 3 25.1 62.7
Total 80.6 15 5.4 -
Error 2.4 6 0.4 -
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E Point

Parameters Sum of squares Degree of freedom | Variance F-Test
Depth of cut 13.9 3 4.6 3.7
Feed 5.7 3 1.9 1.5
Speed 109.3 3 36.4 28
Total 136.4 15 9.1 -
Error 7.6 6 13 -

Main effect plot values

Locations Depth of cut
0.5 1 1.5 2

A Point 77.6 77.8 77.4 77.5
B Point 77.6 78.2 78.4 78.1
C Point 77.3 79.4 78.4 77.7
D Point 74.2 75.1 75 74.6
E Point 78.9 81.5 80.6 80.2

Locations Feed
0.089 0.095 0.102 0.111
A Point 77.3 77.7 77.7 77.5
B Point 77.9 77.9 78.3 78.1
C Point 77.5 78.3 79.1 77.8
D Point 74.4 75.0 75.0 74.5
E Point 79.8 80.4 81.2 79.8

Locations Speed
54 135 325 770
A Point 76.5 76.2 76.9 80.7
B Point 76.9 76.8 77.5 80.9
C Point 76.6 76.3 77.3 82.5
D Point 73.1 73.3 74.1 78.4
E Point 78.2 78.7 79.7 84.7
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Analysis of variance

Table 4

For Stainless Steel

Analysis of variance (ANOVA) and Main effect plot \alues

A Point
Parameters Sum of squares Degree of freedom Variance F-Test
Depth of cut 8.5 3 2.8 1.8
Feed 9.1 3 3 2
Speed 78.8 3 26.3 17.5
Total 105.6 15 7 -
Error 9.2 6 1.5 -
B Point
Parameters Sum of squares Degree of freedom Variance F-Test
Depth of cut 22 3 7.3 2.9
Feed 8.7 3 2.9 1.2
Speed 80.3 3 26.8 10.8
Total 125.9 15 8.4 -
Error 14.9 6 2.5 -
C Point
Parameters Sum of squares Degree of freedom Variance F-Test
Depth of cut 17.3 3 5.8 4
Feed 11.9 3 4 2.8
Speed 84.6 3 28.2 20.1
Total 122.4 15 8.2 -
Error 8.6 6 1.4 -
D Point
Parameters Sum of squares Degree of freedom Variance F-Test
Depth of cut 57.5 3 19.2 3.9
Feed 15.8 3 5.3 1.1
Speed 114.4 3 38.1 7.8
Total 216.9 15 14.5 -
Error 29.3 6 4.9 -
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E Point
Parameters Sum of squares Degree of freedom Variance F-Test
Depth of cut 6.9 3 2.3 1.1
Feed 9.5 3 3.2 1.5
Speed 69.9 3 23.3 11.1
Total 98.8 15 6.6 -
Error 12.4 6 2.1 -

Main effect plot values

Locations Depth of cut
0.5 1 1.5 2
A Point 77.3 78.4 79.3 78.7
B Point 77.6 78.3 80.7 78.1
C Point 77.3 77.4 79.9 77.8
D Point 73.8 74.6 78.6 74.3
E Point 79.9 80.4 81.7 80.4
Locations Feed
0.089 0.095 0.102 0.111
A Point 79.5 78.8 77.8 77.7
B Point 79.4 79.4 78.1 77.8
C Point 78.7 79.2 77.2 77.4
D Point 76.3 76.3 74.2 74.5
E Point 81.5 81.2 79.7 79.9
Locations Speed
54 135 325 770
A Point 76.3 76.8 78.7 82
B Point 76.4 76.9 79.3 82.1
C Point 75.3 77.1 78.6 81.5
D Point 72.5 74 75.1 79.6
E Point 78.4 79.3 80.7 83.9
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