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ABSTRACT

Improving surface quality nfwork-piece and reducing vibration of machine tool is the

main concern of manufacturing industries. Vibration problem in machine tool is a

considerable obstacle for machining industries. Effect of vibration on a machine tool

can be much too disastrous leading to the failure of tools and certain executive organs.

Quality nfthe job will suffer, thereby lowering the productive capacity.

In order 10prevent these vibration or to minimize the transmission of forces to the

tool holder there need high damping coefficient of the system also to have larger

stiffuess of the tool.

The machining industry has an mcreasing need for improved characterization of

cutting tools and for controlling vibration lUIdchatter during the turning process.

In this thesis, a study has been carried out to fmd out the effect of vibration on

machine tool in mrning and to develop a system to minimize the vibration based on

the analysis of both vibration and roughness result applying various operating

condition.

During the investigation attention is concentrated on how supporting materials

influences the amplitude of vibration and surface roughness and way to develop a

system for better performance.

It has been found that using aluminum support under tool holder surface quality of

work pie.:e has been improved and vibration reduced to a remarkable label.
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CHAPTER 1

INTRODUCTION
1.1 INTRODUCfION

Vibrations an oscillation, Ofmoving back and furtb ofan object. A particle is vibr'ating

means it is traveling a distance back and forth at a particular frequency. Some fuJ"Ce-

external Of mtenlal is necessary to getlenlte vibl'ation. When II machine mns it vibrates

due to residual unbalance fufce acting on moving pam;.

Vibration is pmduced by cyclic variations in the dynamic componenrn of the cutting

forces, fesulting from periodic wave motions. The nature of vibration signals 81"isingfrom

the metal cutting PI"Ol;eSS incorporates free, foreed, periodic, and nndom type of vibmtion

.Direct measurement of vibratIon is difficult to achieve because vibration mode is

frequency dependent.

In turning opemtions the relative dynamic motion between cutting tool and work piece, Of

vibration is a ~uent problem. This affects the feauits of the machinmg, and in

particul8l", the suJfiu:e finish, Tool life is also influenced by vibration. Noise in the

working environment frequently occurs as a result of dynamic motion between cutting

1001and the work piece, With proper machine design, i.e, improved stiffness of the

machine .!tructure, the problem of relative dynamic motion between cutting tool and wofk

piece may be partially solved.

High frequency vibllltion in turning operations can be minimized improving stiffness as

well as damping of cutting tool. Supporting materials can be used fur this. Leading to a

stiffer structure of tool post the vibration problem may be solved m part.

I



1.2 BACKGROUND ANDPRESENT STATE OFTHE PROBLEM

Vibmj()n5 in machining are important considerations ()f work piece dimensiunal

accuracy, surfilce finish and tool life. Due t() the elastic-plastic def()rmati()n during

turning, work piece pr()vides excitation 1(l the cutting tool. It enhances the vibration in

cutting tool which effects the surfilce finish and to()llife, This vibration ofa cutting tool

depends ()n feed, depib of cut, spindle speed, etc. Including these fuctors, motion ()f tool

is also hampered by the vibration of the machine itself, gear box, rotary machineries, etc,

which provides more eKCitationvibrtltion as a disturbance to the tool.

It has been shown in some literatures that cuttingvariables are affected by vibration, as

such is expected that tool life will also be affected by the tool vibmion, because tool life

is a function of the cutting variables only [1].

If there be any relative vi\mltoly motion present between the cutting tool and the job, it is

obvious that the perfonnance of the machine tool will not be satisfiwtory. Stiffness and

damping capacity of machine tools are important mctm'S in controlling vibration. Low

stiffness affects the magnitude of vibration and chatters in tools and machines, and can

hlve adverse effects on product quality. The lllIlJllitude of vibration can be reduced by

incmlSing the stiffness or by damping the system [2].

Following calculations can be made with the PllipOse of prewnting regenerative vibration

1, To have high damping coefficient of the system

2. To have \arge stiffness of the tool; and

3, Damping material in the tool holder also is a necessity.

Self lllrited vibration in a machine tool may result from the dynamic instability of the

machine parts or of the tool used in cutting. Sometimes both may be the causes of self

excited vibration, Under the dynamic condition, that is, under the working condition, the

frequency of the vibration of the tool is much more than that of the various parts, of the

machine tools.
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Sevelll1 models have been proposed by various research workers for analyzing self

excited vibration in machine tools.

With Proper machine design, i.e., improved st.if'fuess of the machine structure, the

problem of relative dynamic IrI(ltion between the cutting tool and work piece may be

partially solved. However, by use of active control of the dynamic motion between the

cutting tool and work piece can be aclUeved 13]'

A study describes a Iool-wear monitoring procedure in a metal turning operation using

vibration features. The measured tool.wear forms were col't'elated 10 features in the

vibration signals in the time and frequency domain. Analyses of the results suggested that

the vibration signal features were effective for use in cutting tool-wear monitoring and

wear qualification 14].

Some researchers mentioned techniques for suppression of vibration in cutting tools can

save old machines and enhance design flexibility in new manufacturing systems.

Structural stiffuess intenwtion, with the use of smart materials. in an intelligent 1001post

is investigated using the finite element method (S}.

Analytical and experimental vibllltion analyses are conducted fur a lathe system 10detect

the possibility of mults and do develop and accurate cutting process. The best possible

operating conditillml fur a specific turning process were determined using vibllltion

analysis [6]'

Recently a researcher mentioned in a work, an optimal control strategy is utilized for

isolating the cutter from the vibration of the machine-tool in both the radial and feed

directillml. A random model with Gaussian distributioo for the cutting process is

cons1ructed [7].
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The purpose of this study is to develop a model of a machine tool with considering

constant e:reilation furce and analysis will be done by experiment!!. Then further

investigation will be made to find the required spring-damper model to minimize the

vibration, So, swfa(;e finish and tool life will be increased signifh:antly.

1.3 OBJECflVES ANDPOSSIBLE OUTCOME

This study is specially designed to address the following researoh objectives

I. Data analysis of cutting tool vibmtion.

2. Develop a new setup to reduoe cutting tool vibration,

3. Data analysis of work piece surface roughness using modem sensor.

4. Develop a new setup to improve surface roughness,

The possible outcome of the proposed study

I. Develop II.setup of cutting tool for reducing vibnltion

2. Develop a setup of cutting too! for improving surface roughness

In conclusion, Vibmtion monitoring and llIlalysis are the primary diagnostic tools for

most mechanical systems that are used to manufucture products. When used properly,

vibration data provide the means to maintain optimum operating conditions and

efficiency of critical plant systems. The present work involved to analyze and reduce the. "
vibration by providing proper supporting materials.
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CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

With the modem trend of machine tool development vibllltion has gained considerable

importance fur improving accuracy and reliability. The vibration of the cutting 1001in a

turning process is knovm 10 have detrimental effects on the surmce finish of machined

parts. The vibllltion ofa machine tool is one of the major faclors limiting its performance.

Much attention has been focused on minimizing this problem, either by improving die

dynamic compliance of the structure or by selecting the cutting conditions such that

vibnrtion does not occur. There are many thesis has been conducted to analysis the effect

ofvihration and found a promising result.

2.2 mSTORICAL BACKGROUND

In one sbJdy has been conducted to find the correlation of vibllltion signal features 10

cutting tool wear in a metal turning operation. The analysis and correlation of vibration

signal features 10 cutting 1001wear have been carried out. Time domain features were

deemed to be more sensitive to cutting condition than tool wear. whereas &equency based

features correlated well with the 1001wear. Based on the measurements of cutting tool

wear form and the analysis of the vibration signatures, it has been possible 10 idwtify the

trend oflbe sensor signals as the insert wear length increased. The chamcterislics showed

that the measured wear values correlated well with certain resonant peak frequencies. The

sensor signals were also affected by the different wear modes. It has been possible to

establish distinct differences in signal chamcteristics when cutting was performed with a

new insert from that occurring with a detrimental level of wear [4].
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By use of active control of the machine tool vibration, a further reduction of the dynamic

motion IJetm!,en the cutting tool and work piece am be achieved. It was found that

adaptive feedback control of the mol vibration in the cutting speed direction, based on the

fil.teI"cd-x LMS-algorithm,. enables a reduction in vibration, by up to 40 dB at 1.5 kHx,

and by approximately 40 dB at 3 kHz. It was also observed that the irrtroduction of

leakage in the fiJ.tered-x J..MS..algorithm improved the stability properties of the

feedback control system. A significant improvement in the work piece surfuce finish was

observed and a substantial reduction in the noise level was obtained with wptive controJ

Pl.

Another study describes a OOlltrolsystem designed to improve the surface finish during

turning by reducing the vibration of the machine mol. Vibration control is achieved by

sensing the relative vibnrtion between the tool and the work piece, generating a force

which tends to neutrali"", the excitation. The control system has been tested

experimentally during turning under various cutting conditions. The improvement in

surface finish is verified by comparing two identical surfaces, one machine with and the

other without the designed feedback-control device. Results indicate that the amplitude of

vibration decreases by 33% whilst, the resulting improvement in the surface finish is

about 22% [8].

In a recent study the best possible operating conditions for a specific turning process were

determined using vibration analysis. Problem-causing components for several case

studies (different speeds, feed rates, and tool lengths) were identified and guide lines fur

improving II typical maDufilcturing process were recommended. In these experiments it

was shown that acceleration amplitudes were highest for the 5/8 inch tool length setting.

The lowest vibration amplitudes were seen in the 3/8 inch tool length tests, This paper

also recommended a pair of very stiff viscoelastic couplings made of graphite with high

rigidity may help 10 reduce the effects of torsional and bending vibration from the feed

rod, which are transmitted m the system f6J.
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Rigid fixing is required to minimize displacements of cutting tools from the nominal

position during machining. However. the em of reconflgurnble manufucturing needs

fixtures consuming less space and having minimum weIght [9].

Another study developed a tool post system for dynamic response control. In this wmk

lead zirconate titanate (PZT) is employed as the inteUigent materia! for the smart tool

post actuator. The tool post model incorporates the actuator, tool carrier (holder),

supporting diaphragm and the tool bit as a spring bnffer between the tool carrier and the

net axialll.etuating force at the tool tip (radial to the work.pieee)fSJ

High frequency vibmtions of a boring bar cutting tip are minimized by use of a damping

sandwich of pltuallayer.l of steel and plumlaltemate layer.l of viscoelastic solid material.

This damping sandwich is placed at a joint in the machine tool between the cutting tip

and a tool monnting area. and is sltovm as being provided between a mounting face of a

tool mollllting block and a mounting area. The damping sandwich permits greater depth

of cut, with greater inches per revolution of chip removal without any chatter for

improved metal removal [10J

From the above discussion. it is clear that there is no available, easy, less down time and

cost effective system that provides capabilities needed for reducing vibration as well as

improving surface finish. Its easily possible using proper supporting materials between

tool holder and tool post by rigid fixing. Slice of supporting materials has been used.

Spring mass damper model follo~ for this.

So by analyzing the spring mass damper model with proper supporting materials a

suitable set up to reduce vibmtion as well as improving roughness developed here.

7



2.3 IMPORTANCEOFTHESTUDY

Over the plIlIt several d~ considerable improvements have been achieved in the

performmces of various machining process. Most of the current machine tools are

designed for optimixing the process efficiency while maintaining the required surface

quality of the finished parts, This often causes the machining process to operate very

close to the stability limits. Unstable machine tool vibrations can cause inferior surl'ace

quality of the finished product as weI! as higher tool wear leading to tool breakage,

When a machine mns it vibrates due to residual Wlbal= force acting on moving parts.

Design of a perfect machim which will not vibmte is pmctically impossible. But

amplitudes of vibmtion can be reduced.

The need for selecting and implementing optimal machining conditions and the most

suitable cutting tool has been feh overthe last few decades. Today, minimization of 1001

vibration has become one of the greatest challenges of present time as it can lead to

optimized product output through ensuring tool integrity, surface roughness and

dimensional precisiOllS,

In conclusion, Low cost system of improving surface finish and redooing vibrWon would

be great practical value. The principle of the present work is to reduce the disturbing

force by providing proper supporting mlllerials WIder the tool holder to dil;aipate the

disturblllg force.
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CHAPTER 3

FUNDAMENTAL THEORIES OF VmRATION

3.1 INTRODUCTION

A body is said to vibrate if it has periodic motion. Meclumical vibration is 1IIe study of

oscillatory motions of bodies. Vibrations are harmful for engineering systems. Some

times vibrations can be useful. Excessive vibration causes discomfort to human beings,

damage to machines and buddings and wear of machine parts such as bearings and gears.

To and Fro motion of rotating body is aiDed vibration. This To and Fro motion may be

for the rotating part of 1IIe machine or part of the stationary body, pipe line or 1IIe

StrltCtufe.VibTlltion can also exp=sed as tile oscillation or moving back and forth of an

object. Sometimes this vibration CllTlbe visible or audible and sometimes it can feel only,

But this vibration is the measure ofm", condition of rotating mwhinery.

Vibmtion takes place using some input of energy through an applied £Orce,In a machine,

this input of energy to the vibration means !bat it is diverted from the process. This not

only reduces the machines efficiency, but also may result in damage to the machines

oomponllllts or the machine as a whole.

3.1 CHARACTERISTICS OF VIBRATION

Vibration Amplitude and Vibration Frequency are the common chazacteristial.

Sometimes a third characteristics, phase, becomes important when it is necessary to deal

with several types of vibntiorul. The measurement of these characteristics, amplitude,

frequency and phase, provides the source ofal! kinds of vibration.
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The applied force to the system to make it vibrate directly affects the amplitude of the

vilm.tiQn The more applied force, the greater the vibration amplitude. But the vibration

amplitude limits by the mass, stiffne~s and damping factors of the system. These are three

pbysiCIIIcharacteristics of all the system that acts against the input force to control the

amplitude, frequency and phase of vibration. The system vibrates differently depending

upon the applied force. If the system strikes once. then it will vibrate at its natural or

resonance frequency. But normally for a rotating system, the vibration frequency is the

same of the rotational ftequency or any multiple of the rotational ftequoocy. For a

rotational system, the directions of vibration are in the radial or axial direction. But in

some cases the system can vibrate torsionally.

3,3 EXAMPLES OF VIBRATION

1.Beating ofheart

2. Lungs oscillate in the prllCes~ofbrelrthing

3.WaIk:ing-Oscillation oflegs and hands

4. Shivering- Oscillation of body in extreme cold

S. Speaking - Ear receives Vibtlltions to transmit message to bmin

6. Vibration ofatoms

7. M.,roanical Vibrations

3.4 CAUSES OF VIBRATION

There are many problems which can produce vibrations: few orthest' are-

-Unbalance

-Misalignment

-Worn, damaged gears

-Bad drive belts

-Bad bearings

-AerodynamicIHydraulk: forces

-RubbinglResnnance

10



The cause of vibration must be a force, which charges its direction or amount. The furce

causing vibration and its characteristics will be determined by the manner in which the

furces are generated. This is the reason that each cause of vibmtion has its individual

characteristics.

3.5 VIBRATION SOURCES

All mlChinety with moving parts generates meclwlical forces during nonnal operation.

As the mechanical condition of the IIUlChinechanges due to wear, changes in the

operating environment, load variations, etc., so do these furces. Understllnding machinety

dynamics and how furces create unique vibration frequency components is the key to

understanding vibration SOurt:e5,

Vibration does not just happen. There is a physical cause, referred to as a forcing

function, and each component of a vibration signature hIlSits O'Wll:fOrcingfunction. The

components that make up a signature are reflected as discrete peaks in the FFT or

frequency-domain plot.

The vibration profile that results from motion is the result of a furce imbalance. By

definition, balanee occurs in moving systems when all furces generated by, and acting on.

the machine are in a state of equilibrium. In real-world applications, however, there is

alwa~ some level of imbalance and all machinea vibmte to some extent.

3.6 CLASSIFICATION OF VIBRATIONS

One method of classifying mechanical vibrations is based on degrees of freedom. The

number of degrees of freedom for It system. is the number of kinematically independent

variables necessary to completely describe the motion of every particle in the system.

Based on degrees offreedom, we can classifYmechanical vibrations as follows:
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1. Single Degree of freedom Systems

2. Too Degrees of frel!dom Systems

3. Muhidegree offreedom Systems

4. Continuous Systems or systems with infinite degrees of freedom

Another broad classification of vibrations is:

1. Free and fureed vibratiollS

2. Damped and un-damped vibratIOns.

Sometime vibration problems are classified lIS:

1, Linear vibrations

2. Non-linear vibrations

3, Random vibrations

4. TnlDsient vibrations

A system is linear ifits motion is governed by linear differential equations, A system is

nonlinear if its nmtiOll is govemlld by nonlinear differential equations. If the excitation

force is known at all times, the excitation is said to be deterministic. If the el<Citation

force is unknown, but averages and standard derivations are known. the el<C1taUonis said

to be nlDdom. In this case the resulting vibrations are also nlDdom. Some times systems

are subjected to short duration non-periodic forces. The resulting vibmtions are ~

transient vibrations. One example of a non-periodic short duration excitation is the

ground nmtion in an earthquake.

12



3.7 MEASUREMENT OF VIBRATION

Vibration amplitude can be measured in Vibration Displacement. VibBtion Velocity or

Vibration Aooelellition. All the characteristics are related. In fuet these can be converted

by using electronic integrator.

Electronic instruments for measuring machinery vibration are classified as Meters,

Monitors or Analyzer!i. The main part of the measuring system is ''transducei' or pickup.

A transducer is sensing device which converts one form of energy into another form of

COOfgy,or we can say it converts mechanical vibration into an electrical signal. Thaole

pickups include velocity pickup, accelerometer and non contact (Proximity) probes.

3.7.1 Vibration DbplacemeDt

Displacement of a vibrating body from its stationary position in both directions is called

the vibration displa.cerneJIl ~ unit is expressed as the unit of length. Normally the

vibration displacement is not so high. So it is e>lpressedin smaller unit.

In FPS system it is expressed in MILS (I mils'" 0,001 inch)

In CGS system it is eKpressed in MICRON (1 micron ""0.001 mm)

Displacement can be measured using proximity transducer system.

3.7,2 Vibration Velocity

The time of rate of change ofdisp1&cement is the velocity. For a vibrating body, velocity

is not constant allover tbe displacement patb. In case of simple pendulum the bob starts

from one end and vmen crosses its stationary position then its velocity is mwrunum and

minimum llt the ends.

Vibration velocity 1$ be expressed as:
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Vibration velocity '" (Vibration displacemoot) X (Vibration frequency)

For a low spelld machine with low vibration displacement the machine may be good, But

for high speed machine with the same vibration displacement tbe machine may not good.

So for vibration analysis of high speed machines sometime vibration velocity becomes

very important, becllUSe1tcontains both vibration displacement and vibration frequency.

The vibration velocity measured in zero.to -peak amplitu~. The unit is expressed lIS the

unit of velocity.

In FPS system it is expressed in inch/sBC

In COS system it is expressed in mmlsec

Vibration velocity can be mell,suredusing velocity transducer system. Velocity signal can

be converted to displacement signal using electronic integrator. Velocity leads

displacement by 90 degrees in time.

3,7,3 Vibration Acceleration

The time rate of change of vellJ(;ity is the acceleration For a vibrating body velocity is

not constant all over the displacement path. Velocity is zero at two ends and maximum at

the tenter. When the bob changes its velocity at the end points, then acceleration on the

bob is maximum.

Vibration acceleration can be expressed as:

Vibration acceleration '" (Vibration displacement)X (Vibration frequency) 2

14



In case ofvibmtion acceleraticm measurement, it increases as square of frequency of the

vibrating body. So for a very high speed machine with small vibration displacement the

machine condition may not be good.

The unit is expressed as the unit of acceleration due to gravity and denoted by G

In FPS system G" 32.3 filseo'

In MKS system G" 9.8 meter/sec'

Vibmtion acceleration can be measured usiog accelerometer. Accelllllltion signal can be

converted to disp1acement signal using electronic integtator twice. Acceleration klads

velocity by 90 degrees and leads displacement by 180 degrees in time,

3.8 VIBRATION FREQUENCY

It is defined as number of cycles in a given interval of time. In vibrations we take

frequency as cycles per minute, CPM Frequency of vibration is important because it

indicates the cause of vibration. So, by knowing frequency we can identitY1he multy part

and the problem causing Vibration. The forces wbich cause vibmtion are genetllted from

the rotating motion of the machines parts, So, these forces change in amount and

direction as the rotating part changes its position with nl!rt of the machine. As a resuh

vibrntion produced will have a frequency depending upon the rotating speed of the

troubled part.

It is also important to note that different machinery troubles cause different frequencies

of vibration, due to which we are abll:lto identifY the nature oflbe problem.

So vibration frequency is very important in analyzing the problems.
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3.9 AMPLITUDE

Amplitude refers to the maximum value of a motion or vibmlion. This value can be

represenllld in terms of displllOeIllent (mils), velocity (inches per seoond), or acceleration

(inches per second squared). Amplitude CIlTI be measured as the sum of all tbe forces

c&using vibrations within a piece of machinery (broadband), as discrete measuremenlll for

tbe individual forCe!I(component), or for individual user-selected forces (narrowband) .

.,

.,,,.~

.!I. • hiI.
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•
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•••• h.i. 11".1

Figure: 3.l.Relationship ofvibnttion amplitude
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3.9.1 Puk-to-Peak

As illustmted in Figure 3.1, the peak-to-peak amplitude (2A, where A is the zero-to-peak)

reflects the total amplitude generated by IImachine, a group of components. or one of its

components. This depends on whether the data gathered are broadband, narrowband. or

component The unit of measurement is useful when the analyst needs to !mow the total

displacement ormaximum energy produced by the machine's vibration profile.

Technically, peak-to-peak values should be used in conjunction with actual shaft-

displacemeJ1t data, which are measured with a proximity or displacement tmnsdUceT.

Peak.to-~ terms should not be used for vibration data acquired using either relative

vibration data from bearing caps nr when using a velocity or acceleration transducer. The

only exception is when vibration levels must be oompared to vibration-severily charts

based on peak-tn-peak values.

39.1 Zent-to-Peak

Zero-to-peal (A), or simply peak, values are equal to one-half of the peak-to-peak value.

In general, relative vibration data acquired using a velocity trlUlsducer are expressed in

temu of peak.

3.9.3 Root>-Mean-Squllre

Root-mean-sQllllJe (RMS) is the statistical average value of the amplitude generated by II

machine, one of its components. or a group ofcompnnents. Refening to Figure 3.1, RMS

is equal to 0.707 of the zero-to-peak value, A. Normally, RMS data are used in

conjunction with relative vibration data acquired using an accelerometer or expressed in

terms of acceleration.
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3.10 CHOICE BElWEEN DISPLACEMENT VELOCITY AND

ACCELERATION

The amplitude of vibration can be measured in anyone of the three pal1\Jlleters As all

these parameters are directly related and can be used to check the condition of machine,

but we have to select the most suitable one.

As 'oW know vibration severity is a function of displacement and frequency, where as

velocity is function of displacement and frequency. So we can say measure of vibration

velocity is direct measure of vibration severity. By experience, this conclusiOll become

true that vibration velocity is the best overall indication of machineJy conditiOll.

Acceleration measure is also helpful where frequency range covers high frequencies.

3.11 EFFECfSOFVIBRATION

The effects ofvibratiollS are as follows:

I. Unwanted noise

2. Early failure due 10cyclical stress (fatigue fitilure)

3. Increased wear

4. Poor quality product

5. Difficult to sell a product

6. Viblllti~ in machine tools can I~ to improper machining of parts

In conclusion, the fundamental of VIbration is important for predictive maintenance,

diagnostics, and many other uses. All mechanical equipment in motion generates a

vibllltiOll profile, or signature, that reflects its operating conditiOll.

18



CHAPTER 4

VIBRATION IN MACillNING

4.1 INTRODUcnON

With the mOOern trend of machine tool development, accumcy and re1iability are

gradually becoming more prominent features. To achieve higher accuracy and

productivity is not eaough to design the rna.chine tools from static considerations without

considering the dynamic instability of the machine tools. Ifthere be any relative vibratory

motion present between cutting tool and the job, it is obvious that the performance of the

machine tool will not be satisfactory.

During opetations machine tools ate subjected to static or dynamic loads, the latter

having periodic or impact chllJ'llCleristics, These loads are associated with the cutting

process and/or movements of the machine tool members. These forces may act in either

of the following manners:

(a)Dynamic behavior caused entirely by the load acting during the action of the load

(forced vibrations),

(b)Dynamic behavior initiated by a load but persisting after load has caused to act (free

vibrations),

(c)Dynamic behavior through an interaction between the structure and cutting process

(sclf-excited vibrations).

While analyzing dynamic behavior of machine tools, rigidity and stahility are two

important characteristics to be considenld.

19
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Dynamic rigidity is defined as the ratio of amplitude of vibratory force considered

hannonie to the vibratory displacement at a given frequency. Jt is the measure stm~

resistance to vibmtion. The system has its lowest rigidity at resonant frequency or

frequencies. The pattern of deformation of a system for given frequency of vibration is

referred to as a mode of vibration and in the case of a resonant frequency a principal

mode ofvibl1llion at which it is assumed that all coupled masses are executing vi~on

at the same frequency. While dynamic rigidity refers to steady-.state vibmtions, stability

correspl.lll(h to tJansient response characteristics.

Dynamic stability indiclrtes that the masses of a distributed system oscillate with

decreasing amplitudes towards the original state of equilibrium and oonstitute a

dissipative system

Dynamically unstable system oscillates with increasing amplitudes deviating more and

more from the original position of equilibrium The most common phenomena of

dynamic instability in machine tools in one or more forms of self-excited vibrations

frequency are described as clurtler,

Lack of dynamic rigidity and occurrence of dynamic instability have adversely affected

many designs of machine tools as regards their perlbnnan~ characteristics.

4,2 THE EFFEcrS OF VIBRATION IN MACHINING -

The effects ofvibllltion can be considered on four main points:

(a) The effects ofvibllltion on the machine tools

(b) The effects of vibration on the cutting condition

(c) The effects of vibration on the work piece

(d) The effects of vibration on tool life
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".3 SOURCES OF VIBRATION IN MACHINING

Knowing the purpose of the machine. the tolecable limit ofvibl'lltion ClIlIbe fixed up. For

controlling and elimination ofvibnrtion, the sources of vibration must be searched out

There are six main sources ofvihration
(a) In-homogeneities in the \WIk piece material

(b) Build-up edge in cutting tools

(c) Unbalance and disturbances in the drives

(d) Intennitted cutting (like milling)

(e) TfllIISlnlssionofvihl'lltion from the ground which vibl'lltes due to other reasons

(f) Generatioo of vibration from the cutting process itself, commonly known as

machine tool chatter.

4.3.1 lP-homOleoeities in the work piel:ematflial

When a homogeneous material is machined, the cutting force which deflects the elastic

and tool holder, remain more or less constant. But if there be any in-homogeneity present

in the materials an impulsive foroe will be generated due to the sudden increment of the

hardness of the work piece material. As an effect of this impulse a free vibration is set up

in the cutting tool and also in the machine tool body. Build-up edge has got also similar
effect but that is IK)tactually due to the work piece material. If the system is dynamically

stable then the vibration mitiated by the impulsive force will die out but if the system is

unstable then the effect may be considerable.

4.3.2 VibratioD due to Build-up Edgl.'S

There are some cases ofvibmtions which are neither forced nor self-excited. One such is
due to build-up edges which change the instantaneous rake angle.., by an amount bo"'(,
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4.3.3 Disturbances in the Drives

Disturbance in the drives may be of two types: First one is due to disturbance in rotating,

driving members of me machine tool. This type of distuibances may be generated due-to

many reasollS, Some of1he reasons are:

(i) Rotating unbalanced mass

(ii) Faulty arrangement of drive

(iii)Fault in the supporting bearing

4.3.4 Vibration due to Intermittent CuttIng

When the cutting process itself is intennittent or periodically discontinuous then cutting

force becomes fluctuating with a definite period. Due to this fluctuating or dynamic

cutting force which is transmitted to the machine tool via the cutting tool and job, it is

quite likely that a forced vibration will be generated due to the elastic nature of the

system. Now if the frequency of the force fluctuation fulls in the range of any natural

frequency of the machine, the vibration may be severe.

4.3.5 Transmiuion ofVibratiDn from Vibratini Foundation

in any machine shop floor there will be various machines and ifany where dynamic force

through vibration is tmnsmitted to the ground, the machine shop floor will vibrate, Now

this vilmttion may be transmitted to a precision machine through its foundation and spoil

thejob.
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4.3.6 Maebine Tool Chatter

Machine tool can vibrate due to the cutting process itself under some particular

conditions. In these cases, exdting force is not coming from an outside element; it is

supplied by the cutting prooess itself. These types of vibration are self-induced and

commonly known as machine tool chatter .

• .4 FORCE SYSTEM IN TURNING

The cutting forces are largely affects the result of chip sepamtion, its removal and chip-

breaking actions, with the immense pressure IIlIdfriction in this process producing forces

acting in various directions, Figure 4,1 can be seen a model of the three-dimensional

cutting force components in an oblique turning operation, when the principal cutting edge

is at an angle to the main work-piece axis (i.e, Z-axis). These component forces can be

separated into the:

Tangential (on:e (Fc) - which is greatly influenced by the contact and friction between

the work-piece and tool, as well as the contact conditions between the chip and the rake

face of the cutting edge. The magnitude of the tangential cutting force is the greatest of

these three component forces and contributes to 1be torque, which in tum, influences t he

power requirement for cutting. Fundamentally, the product of the tangential force and the

cutting speed ~resent the power l'«luired for madlining. The specific cutting force is II

unit expression for the tangential cutting force, being closely related to the material's

undefonned chip Ihiclmess and selected feed late.

ADaI force (Fa) - the magnitude of this force willl-1V)-'depending on the selected fOiled

rate and the chosen tool ~metJy and in particular, the 'plan approach angle' , or

'entering angle'. Its direction is from the feeding of the tool, along the dinlction of work-

piece machining,
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Radial force (F.) - is directed at right angles to the tangential force from the cutting

point The 'plan approaro angle' and the size of the nose mdius will influence this force.

Figure 4.1 Cutting forces involved in turning operation

4.5 SURFACE ROUGHNESS IN MACHINING

Outermost layers of all machined surfuce display a great number of both macro-

geometrical and micro-~metrical deviations from the ideal geometrical surliloe.

Deviations of the first order include errors of form and are macro-geometricaL Deviations

of the second order lll'C' waves while the deviations of third and higher orders refer to

surfuce roughness. The principal elements ofsumces are defined below:

Surface: The surlkce of an object is the boundary which separates that object from

another substance. Its shape and extent are usually defined by a dmwing or descriptive

specifications.
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Profile: The contour of any specifiBd section through a surfuce.

Roupul (Primary tenure): Relatively finHpaced sutface irregularities. On surl'ace

produced by machining and abrasive operations, the irregularities produced by the cuttmg

action of tool edge lIlIdabrasive grains and by the feed of the machine tool are roughness.

Roughness may be considered as being super posed on a wavy surface. Roughness is

expressed in terms of its Might, its width, and its distance on the surfuce a100g vmich it is

measured.

Roughness is generally described using two methods.

I. The arithmetic mean value (R•• formerly identified as AA fur arithmetic average or

CLA for centerline ave.)

2. The TOot.mean-square average (R•••formerly identified as RMS)

WaviD~ (SKondary tum"): The srice irregularities which are of greater splICing

than the TOUghnesS.On machined sutfaces such irregularities may result from machine

and wmk deflections, vibrations, etc.

F1a1l'll: Irregularities which occur at one place or at relatively infrequent intervals in the

surface, e.g., a scratches, ridge. holes, tracks. seems, tears etc.

Lay: The direction of predominant surfuce pattern and usually visible to the naked eye .

••.6 MESUREMENT OF SURFACE ROUGHNESS

Measurements of roughness are made in two genera! ways. One ;s by comparison of

surfuces to standard reference surfaces. The other is by the use of instruments that make

direct measurements.
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L Method of Comparison

Surfaces are observed through Il magnifying glass Ofmicroscope fur visual oomparisons.

Magnified surfaces are often photogrnphed. However caution must be exercised in

examine phomgraphs. Often sight-llIld-toudJ. is the best method of comparison.

Photogrnphs are so dependent on j\Iumination or fucus that they may nol reveal true

depth pattern. Most comparative methods require skill and judgment

IL Stylu!J Type Profilometen

For llctUaiquantitative measurements of surlilce roughness often stylus type profilometer.>

are used. A shaJp diamond stylus or pointer on the end of an arm is dragged back and

forth across Il surlilce at a given mte. The stroke hngth is w:ljustable and provides the

sampling length.

As the stylus passes over the surfilce it rises and funs by amounts proportional to surlilce

roughness. These rises and fulls generate optical or electrical responses .which are

amplified and recorded.

4.7 FACTORS EFFECTING SURFACE QUALITY

Thtnl are seven major metors influencing surfilce quality in machining operations:

(a)Machine tool rigidity and bearing accuracies

(b)FinJ,h-ability of work material

(c)Type and condition of cutting mol

(d)Application of cutting fluid

(e)Method of chip removal

(f)Geonwtry of cutting tool

(g)The variables: reed depth of cui and cutting speed.
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Waviness of the surlilce may be dueto vibrations which in due to

(1)External sources of shock and vibrations

(2)Defects in the drive in machine elements

(3)Defects in the drive in machine tool

(4)Self-excited vibrations

4,8 JOINfS INMACHINE TOOL STRUCI1JRES

Although they are less significant than internal damping, bolted joints in the structure of a

machine tool are also a souroe of damping; their effectiveness depends on size. position

and the number of joints. Because friction dissipates ener&Y,small relatrve movements

along dry (un lubricated) joints dissiPltte energy and help to improve damping. In joints

where oil or adhesive polymers are present, the internal friction at the joint dissipates

energy. which also cootributes to damping.

All machine tools consist ofa number of large and small components, assembled into a

structure by various means. Consequently, this type of damping is cumulative due to the

presence of a number of joints in the machine tool

The more joints, therefore, the greater the amount of energy dissipated and the higher the

damping. However. ovemll system stiffness is usually reduced as the number of joints

increases.

4.9 GUIDELINES FOR REDUCING VIBRATION

The basic guidelines may be summarized as follows:

II. Minimize tool overhang

It.. Support wurir.piece rigidly

c. Modify tool and cutter geometry

d. Change process parameters, such lIScutting speed, feed, depth of cut, and cutting

fluids.
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eo Increase the stiffness of the machine tool and its components by improving

design, using larger cross-sections, and using materials with higher elastic

modulus.

f. Improve the damping cap&cityof the machine tool

In conclusion, it is imponant to know the effects of vibration in machining to save the

machine from damage. Macltine tool vibration has detrimental efleet on tool life which,

in torn, lowers down the productivity and increases cost of production.



CHAPTERS

APPLICATION OF DAMPER IN DYNAMIC SYSTEM

5.1 VIBRATION ANALYSIS OF DAMPING SYSTEM

The fundamentals of vibmtion aJlll1ysilican be understood by studying the simple mass-

spring-damper model. In this section forced vibration with damping has been discussed.

3.1 Free VibratiOD

Vibration under free or natural conditions. No disturbing forces. Free vibration occurs

when a mechanical system is set off with &II initial input and then allowed to vibrate

freely. Examples of this type of vibration are pulling a child back on a swing and then

letting go or hitting a tuning fork and letting it ring. The mechanical system will then

vibrate at one or more of its natural frequencies and damp down to zero.

Example: • Simple Pendulum

Fi&ure; 3.1. Simple pendulum

29



5.2.1 Simple Harmonie Motion (S H M)

The oscillations of the II1llSS mown in figure: 5.1. are described as simple harmonic

motion. S"np1e harmonic motion is represented graphically in figure: 5.2.

x L~ X-Displacement
A-amplitude

\
A I T-Periodic Time

t f-Frequency
I
I f= Iff,

ro=Frequency in radians perI
I~

second
t=time

•
\

wA
X t

I,

!
I j-~
i w'A;\
,

t

x'" A .in Il1

Fipre: 5.2. Simple Harmonic Motion (SlIM)
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5,3 FORCEDVJBRATION

Vibration due to improssed disullbing furce. Forced vibmtion is whtn an alternating furce

or motion is applied to a mechanical system. Examples of this type of vibration include a

shaking washing JIIlIchining due to an imbalance, trllnsportation vibmtioo (caused by

truck engine, springs, road, etc),or the vibmtion of a building during an earthquake. In

fureed vibmtion the frequency of the vibmtiOll is the frequency of the furee or motion

applied, but the magnitude of the vibnrtion is strongly dependent on the mechanical

system i1sel£ Examples

I. Electric bell.clipper oscillation under electromagnetic force.

2. LC Engines-vibnrtiollll due to unbalanced inertia forces

5.3.1 Forced Vibl'llrion-Damped

In a damped forced vibration system such. as the one shown in Figure 5.3, the motion of

the mass M has two parts: (1) the damped free vibmtion at the damped natural frequency

and (2) the steady-state harmonic motions at the forcing frequency. The <Wnped rnttura1

frequency component decays quickly, but the steady-stale harmonic associated wi1h the

external force remains as long as the energy force is present

With damped forced vibration, the only difference in its equation and the equation for

d.mped free vibration is that it is equal to Fo sin (WI) as shown belnw in~d of being

equal to zero.

. " .." Eqn.5J

With damped vibration, damping constant c is not equal to zero and the solutiOn of the

equation gelli quiteoomplex assuming the function, X =X" sin (wt--<1».In this equation, <I>

is thephase angle, or the number of degrees that the exllmuli force, Fo sin (lOt),is ahead

of the displacement, X" sin (wt.l1>).
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Figure: 5.3. Damped foreed vibration system.

Using vectorconcep15. the following equations apply. which can be solved beczluse there

are two equations and two unknowns:

Vertical vector component:

M 'KXo--u,Xo-Fo,,,,t ~ 0

"

Horizontal vector component:
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Solving these two equations forthe unknowns Xv amllJl:

-
_____________ ,',., _.Eqn.5.4

..... Eqn.5.5

Who~.
c =Damping constant

Co '" Critical damping '"

.,,'''' ... ,. ,Eqo,S.6

""".Eqn,5.7

M '" Mass of the system

g. '" Acceleration of gravity

cI Co =Damping ratio

Fo =External force

Fo IK '" Deflection of the spring under load, F0 (also called static deflection, x.J
(j) = Forced frequency

m.. '" Natural frequency of the oscillation

wi w" = Frequency ratio

For damped forced vibrations, three diffen.mt ftequencies have 10 be distinguished: the

un-damped natural frequency,

ill. ~ JKg"fM'_
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the damped natuml frequency,

n •• ...!!.t._«'<)'
~ M m' ...... Eqn.5.8

and the frequency of maximum forced amplitude, sometimes referred to as the resonant

frequency.

SA DYNAMIC SYSTEM REQUIREMENTS

Engineet"!lcommonly ask "how stiff should the structure be?" A minimum specified static

stiffness is II.useful but not sufficient specifiClltion. For example, the machine can be

made to not deflect too much under its own weight or the weight ofa part. Fortunately, it

can be predicted with reasonabklllccumcy. To obtairl good surfilce finish or dynamic

performance, the dynamic stiffness needs to be specified.

The dynamic stiffhess of a system is the stiffness measured using an exl:itation fume with

1Ifrequency equal to the damped natural frequency of the structllre. The dynamic stiffuess

of a system is also equal to the static stiffness dividlld by the amplification at dynamic

resonance, It takes a large amount of damping to reduce the amplification factor to a low

level.

Iflhc damping is heavy, the system is said to be over-damped and if;t is light, It is called

under-dunped and mation is oscillatory while is over-damped, the motion is a periodic.
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5.5 EFFECI'S OF CHANGING THE SYSTEM'S MASS

Decreasing the mass of the system win enhance the ability of the machine to respond to

command signals. However, the tmOO-off is that the system will lose the ahility to

attenuate high frequency noise and vibtation as shown in Figure: 5.4. A system with

decreased mass offer.> a higher lUItural freqUeJlCY,which means that higher speed

oontroner sigrntls can bel used without compromising the accuracy of the system. A low

mass system also shows improved damping, a result of the increased loss filctor. but a

low mass system shows less noise ~ection at higher frequencies. This suggests that the

machine will be less able to attenuate noise and vibmtion.

Considering all the issues, in conclusion, the mass should be minimized to reduce

controller effort and improve the frequency response and loss fiwtor (IJ.

Effect!; of changing system's mass, stiffhess and damping shown by Figultl 5.4,5.5 and

5.6-~,
c = Damping coefficient N Isec l).Im

m=Mass(Kg)

k = Stiffuess N/).Im
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Pipre: 5.4. Amplitude (Jim) Vs Bandwidth (dB) dwnging s~em 's mass

5.6 EFFECTS OF CHANGING THE SYSTEM'S STIFFNESS

A system with higher stiffness will give II flatter respolllle at low frequencies and give

smaller displacements for II given force input. More importamly, the compromise of

decn::ased noise attenuation is not as dramatic as is the case with lowering the system

mass. This is shown by the similar shapes in the three curves at high frequencies in

Figure: 5.5. However, IlcolIStical noise may be worsemd by adding stifthess. In

conclusion, the stiffness of the machine structure should be maximized to improve

positioning accuracy.
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5.7 EFFECfS OF CHANGING THE SYSTEM'S DAMPING

Increasing the system's damping can make a dramatic improvement in the system's

response.The trend is for decreasing amplificationof the output at ~onance with

increasing damping, although a damping coefficient ofOA may be difficult to obtain in

practice. Figure: 5.6. shoW!!the dnunatic improvement available by doubling the system's

damping.
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5,8 METHODS OF ACHIEVING DAMPING

Although it has been extensively studied, the mechanism of damping in a m&teria1 is

difficult to quantify. and one must genern.lly rely on empirical results. In fact, damping is

highly dependent OIlalloy composition, frequency. s~ss level and type, and tenlperal;ule.

Structural damping levels are often quite low, and frequently the dominant source of

damping is the joints in an assembly. The amount of damping one obtains from a matem.l

is vel)' low compared to the amount of damping that one can obtain with me addition of a

damping mechanism.
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CHAPTER 6

EXPERIMENTATION RESULT AND DISCUSSION

6.1 EXPERIMENTAL PROCEDURE

In this experiment, the system was subjected to Vari0080perating oonditions to help.
better understand the smm:es of inaccuracy in the cutting process. By varying the system

parameters and recording the signal from the system, !be ~ponse in the amplitude of

vibI'lltion and surface roughness was obtained for different operating conditions.

To complete the experimental results, 240 tests (120 for amplitude and 120 for

roughness) were conducted.

Table-6.! SpecifiClltioo of the test bed

Origin Holland

Company GEMCO

Model No. S-90126O

Max Power 7.5 HP

_S"'" l500RPM

Max diameter of work piece 300~

Swiog over the bed 530mm

Bed length 8 foot

6.1.1 MelIlIIIRment o£VibratioD

The test bed for this experiment was an Engine 1athe with the specifications given in the

TabJe.6.1.
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A schemati~ diagram of the instrumentation setup is presented in Figure: 6.1 and details

of the work-piece and tooling materials shown in Tabie-6.2

Table-6.2 Testmaterial type and tool details

Work piece materials Medium carbon steel

Tool holder PSBNR2525MI2•.""',,.. Cooted carbide SNMG

Supporting materials Steel, aluminum, plastic and rubber(heat

proof) of each(l OOmmX25mmX2mm)

Cutting fluid used Noo.

The tests were conducted at the following cutting conditions for vibration given in Table-

6.3

Table..ti.3 Cutting conditions for vibnrtion

Cutting speed, V(m/min) 29.37,45.39,61.42,93.46

Feed, s (mm/rev) 0.1,0.2

Depth of cut, d(mm) 0.5,1,1.5
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FiJUre:6.2. Schematic diagram of work-piece used for vibration

Acoording to Figure 6.1. one (fl(! of work piece is clamped rigidly by the 4-jaw chuck

and centered accumtely, other end damped by tailstock The work piece measurement

given in the Figure: 6.2 and it was reset at the beginning of each trial. Carbide insert

attached with the tool holder (Without support).Tool holder rigidly fixed with tool post

Insert alignment checked properly with dead center and center of the work piece.

One velocity seismic probe was mounted beside the tool holder, Measurement of

amplitude of vibl3tion velocity were made using Bently Nevada TK 8 is a portable

tunable filter vibration meter measures machine vibration using velocity/proximity probe.

The meter contains manual tunable filter and can measured both composite and filtered

vibration amplitude.

Amplitude of vibration velocity taken at fetd(s) =O,lmm/rev and depth of cut (d)

=O.5nnn with varying cutting speed (V) 29.37, 45.39, 61.42 and 93.46mImin acrordingly,

Work piece machined 20mrn distance along its length for taking result of each cutting

conditions, work piece materials hu changed as l'equired. Interrupted machining was

conducted for using a fresh tool for each depth of cut or the cutting edges severely worn.
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Then amplitude of vibration vclodty takoo. at feed(s) O.lrrnnlrev depth of cut (d) changes

to lmm and l5mm varying cutting speed same as pt"cvious.

Again amplitude ofvibration velocity takeDwith feed(s) changes to O.2mmlrev and depth

ofcut(d) changes IIIO,5mm, Imm and 1.5mm varying cutting speed same as previous.

After taking all data of without support of each condition, supporting materials steel,

aluminum, plastic and rubber (specification of each given in 1he Table--6.2) supported

under the tool holder. For centering the insert tip tool holder materials removed 2=

from its bottom lfCCQrdingto support thickness by machining. Tool holder reattached

rigidly and all result taken again same as previous cutting conditions.

Ail the result ofarnplitudes prllSeoted in the Table6.5 to tiJO based on cutting condition

and supporting sequence.

6.1.2 MeuurementofRooalm_

For taking measurement of roughness wok piece has been machined following procedure

of vibration measurement Only little change introduced in depth of cut (given in the

Table 6,4) and machining length of each condition given in the Figure 6.3.

The tests were conducted at the following cutting COIldition$for roughness given in table-

6.4

Table-6.3 Cutting conditions for roughness

Cutting speed, V(m/min) 29.37,45.39,61.42,93.46

Feed, s(mmfrev) 0.1,0.2

Depth orcul, d(mm) 0,25,0.5,1
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Fiaun:: 6.3. Schematic diagram of work-piece used for roughness

Work piece machined lOmm distance along its length fur taking result of each cutting

conditions, work piece materials has changed as required. The 'Mlfk piece measurement

given in the Figure: 6.3 and it was reset at the beginning of each trial.

Surface roughness of work piece taken at feed(s)=O.lmmlrev and depth ofcut(d) O,25mm

with varying cutting speed (V) 29.37,45,39,61.42 and 93 ,46m!min accordingly.

Interrupted machining was conducted for using a fresh tool for each depth of cut or the

cutting edges severely worn.

The values of average surface roughness fur an cutting conditions, measured with the

help of Taylor Hobson Surtronic 3+ roughness tester. In this system a sharp diamond

stylus or pointer on the end of an arm is dragged back and furth across a sur&ce at a

given rate. The stroke length is adjustable and provides the sampling length, As the stylus

passes over the surface it rises and falls by amounts proportional to surface roughness,

These rise; and falls generate optical Qr eloctrical respooscs 'which are amplified and

~""'.
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Then surmce roughness of work piece taken at feed(s) O.lmrnlrev and depth of cut(d)

changes to O.5mm and Imm varying cutting speed(V) same as previous.

Again roughness of work piece taken with f'eed(s) changes to O,2mm!rev and dep1h of

cut(d) chal1ges to 0.25mm, 0.5mm and Imm varying cutting speed(¥) same as previous.

After takiog all roughness result of without support of each condition, supporting

materials steel, alummurn, plastic and rubber (specification of each given m the Table-

6.2) supported under the tool holder. After centering the moort tip all result taken again

same as previous cutting conditions.

All the results of surface roughness are presented m the Table 6.11 to 6.16 based 011

cutting condition and supporting sequence.
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T.ble 6.5 Vibration Result (at Feed, s =O.lmrn/rev, Dep1h ofeul, d = 0.5mm)

Cutting Speed, Vern/min) 29.37 45.39 61.42 93.46
..

Amplitude(inIsec:) Without Support 0.025 O.oJ5 0,0425 0.0475

Amplitude(in/sec:) Using Steel Flat Bar 0.0125 0,020 0,0275 0.0325

Amplitude(in/sec) Using Aluminum Flat Bar 0.010 0,0175 0.020 0.025

Amplitude(in/sec) Using Rubber Sheet 0.01 5 0,0225 0.0325 0.0375

Amplitude(in/sec) Using Plastie Sheet 0.020 O.oJO O.oJ5 0.0425

T.ble 6,6 Vibration Result (at Feed, s = O.lmrn/rev, Dep1h ofeul, d = Imm)

Cutting Speed, Vern/min) 29.37 45,39 61,42 "...•
Amplitude(in/sec) Without Support 0.030 0.0525 0.070 0.0775

Amplitude (in/sec) Using Steel Flat Bar 0.020 0.030 0.0375 0.040

Amplitude(in/sec) Using Aluminum Flat Bar 0,0125 0.0175 0.025 0,030

Amplitude (in/sec) Using Rubber Sbeet 0.0225 0.0325 0.040 0.045

Amplitude(in/sec) Using Plastie Sheet 0.025 O.oJ5 0.045 0,050

Table6.7Vibration Result (at Feed. s = 0,1nun!rev, Depth of cuI, d = 1.5mm)

Cutting Speed, V(m1min) 2937 4539 6lA2 93••••

Amplitude(inlsec) Without Support O.oJ5 0,055 0.08 0095

Amplitude (inIsec) Using Steel Flat Bar 0.025 0.D35 0,040 0,0425

Amplitude(in/sec) Using Aluminum Flat Bar 0,0175 0.0275 0.030 0,0325

Amplitude(in/sec) Using Rubber Sheet 0,030 0,0375 0,0425 0,050

Amplitude(inIsec) Using Plastic Sheet 0.0325 0.0375 0.055 0,060
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Table6,8 Vibration Result (at Feed, s = 0,2mm/rev, Depth of cut, d =0.5mm)

Cutting Speed, Vern/min) 2937 "39 61,42 93.46
~~~

Amplitude(inIsec) Without Support 0.0275 0.045 0.060 0.065

Amplitude(inIsec) Using Steel Flat Bar 0.0125 O.oI5 0.0175 0.025

Amplitude(inlsec) Using Aluminum Flat Bar 0.010 0.0125 0.D15 0.0225

Amplitude(inIsec) Using Rubber Sheet 0.015 0.0175 0.020 0.0325

Amplitude (inisec) Using Plastic Sheet 0,0225 0.035 0.0425 0045

Table 69Vibration Result (atFeed, s = 0,2mrn/rev, Depth of cut, d = lmm)

Cutting Speed, Vern/min) 2937 "39 61,4Z 93.46
Amplitude(inIsec) Without Support 0.045 0.055 0,0625 0.0675

Amplitude(inIsec) Using Steel Flat Bar 0.0225 0.0325 0.035 0.040

Amplitude(in/sec) Using Aluminum FlatBar 0.020 0.0275 0.0325 0.0375

Amplitude(in/sec) Using Rubber Sheet 0.035 0.0375 0.040 0.045

Amplitude(inlsec) UsingP1astie Sheet 0.0425 0.045 0.0475 0,0525

Table6.10 Vibration Result (at Feed, s = 0.2mm/rev, Depth ofeut, d 0;; 1.5mm)

Cutting Speed, V(m1min) 29.37 4S39 61.42 93.46
Amplitude(inlsec) Without Support 0.055 0.0625 0.0675 0.070

Amplitude(inlsec)Using Steel Flat Bar 0,0375 0.040 0,045 0,0525

Amplitude(in/sec) Using Aluminum Flat Bar 0,030 0,0325 0.035 0.0425

Amplitude(inIsec) Using Rubber Sheet 0.0425 0.045 0.050 0.0575

Amplitude (in/sec) Using PllIStie Sheet 0.045 0,0475 0,0525 0.060
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T.hlr 6.11.Roughness Result(atFeed, s = O.lmmlrev, Depth of cut, d = 0.25mm)

Cutting Speed, V(mlmin) 29.37 45.39 61.42 "..•
Roughness(~m) Without Support 6.00 4.84 4,42 3.02

Roughness(lIm) Using Steel 4.50 3,86 3.08 1.92

Roughness(lIm) Using Aluminum 3.26 3.10 2.70 1.84

Roughness(lIm)Using Rubber 4,82 4.24 3.22 2.56

Roughness(~m) Using Plastic 5,06 4.76 3.82 2.70

Tahir 6.12.Roughness Result (at Feed, s =O.lmmlrev, Depth of cut, d = 0.5mm)

Cutting Speed, V(mlmin) 29.37 45.39 6lA2 "..•
Roughness(lIm) Without Support 6.62 558 532 3.38

Roughness(lIm) Using Steel 4.78 406 3.62 2.62

Roughness(lIm) Using Aluminwn 3.50 3.22 2.82 1.86

Roughness(lIm) Using Rubber 4.92 4.46 3.78 2.76

RoughnesS(lIm) Using Plastic 5.82 4.84 4.18 2.92

Table 6.13.Roughness Result(at Feed, s = O.lmmlrev, Depth orcnt, d = Imm)

Cutting Speed, V(m/min) 29.37 45.39 61.42 "..•
Roughness(lIm) Without Support 6.82 6.08 540 4.50

Roughness(lIm) Using Steel 4.82 4.38 404 2.72

Roughness(lIm) Using Aluminum 4.14 348 2.98 2.60

Roughness(lIm) Using Rubber 4.98 4.66 4.30 3.48

Roughness(lIm) Using Plastic 6.22 4.92 4.34 358
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T.ble 6.14.Rouglmess Result (at Feed, s = 0,2mm1rev, Depth of cut, d = o 25mm)

Cutting Speed, V(m1min) ".7 45.39 61.41 ".46
Roughness(j.lm) Without Support 6.16 5.30 5.24 3.78

Roughness(j.lm) Using Steel 5.00 4.78 3.84 2.56

Rouglmess(l1m) Using Aluminum 4.64 3.86 3.52 2.22

Roughness(l1m) Using Rubber 5.52 5.00 4.26 298

Roughness(J.lm) Using Plastic 6,10 5,24 5.18 3.08

Table 6.15.Roughness Result (at Feed, S = O.2mmlrev, Depth of cut, d = 0.5mm)

Cutting Speed, V(m1min) ".7 45.39 61.42 ".46

Ri:mghness(j.lm)Without Support 6.90 5.82 5.66 406

Roughness(j.lm) Using Steel 5.10 504 4.02 2,66

Roughness(J.lm) Using Aluminum 4,68 4.52 3.70 2.26

Roughness(p.m) Using Rubber 5.62 5.26 4.38 3.10

Roughness(p.m) Using Plastic 6,54 5.66 5.54 3.50

Table 6.16.Roughness Result (at Feed, S= 0.2mmlrev, Depth of cut, d = Imm)

Cutting Speed, V(m1min) 29.37 45.39 61A2 ".46
Roughness(p.m) Without Support 7,50 6.78 6.12 5.08

Roughness(p.m) Using Sleel 5.26 5.18 4,70 3.38

Roughness(j.lm) Using Aluminum 4.84 4.56 3.80 2.30

Roughness(j.lm) Using Rubber 6.00 546 5.14 3.40

Roughness(p.m) Using Plastic 7.24 6.66 5.92 3.56
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6.1 RESULT ANDDISCUSSION

Analysis of vibration of machine tool in turning is a vet)' significant way to improve the

machine health as well as surmce quality.

OvemU perfonnance of machine too! cbangcs with the changing of supporting maUlria1t.

A very promising result can obtained from the machine tool by introducing a proper

support with tool holder. Hence, every machining industry should follow an effective

way to use supporting materials while machining work piece in a IllIhe.

The thesis presents the results of analysis and development a setup fur improving surface

quality 011work piece in turning by analyzing both vibration and roughness measurement

varying cutting pammetel"s. In this thesis various supporting mlllerials has been used to

develop a setup of improving machining performance at different condition.

6.2.1 VibrationResult

In this chapter and Figure: 6.4 10 6.9 show.>Amplitude of vibration velocity increases

with the increasing of spindle speed. A very promising result ob1ained using supporting

materials. Amplitude of vibration velocity has been reduced dramlllically at each

condition using support.

Amplitude of vibration velocity has been taken for both with and without any support

tIIlder tool holder; each cutting conditiOll was same as previous. Ampliwde of vibration

found lowest IIIeach condition for aluminum support than other supports. Sequence of

increasing amplitude for each support at each condition like, Aluminum < Sb;lel <

Rubber <Plastic <Without support.
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6.2.2 RouaJmess Result (R.)

In this chllpter and Figure: 6.10 to 6.15 shows value of Roughness, R" (11m)decreIIses

with the increasing of cutting speed. A very promising result obtained using supporting

1lI4teriab. Roughness value has boon reduced dnunIItically at each condition using

support

Surfuce roughness, R" (11m)has been taken for both with and without any support under

tool holder; ewh oondition ww; saroo as previous. Surf8ce roughness, R. (11m)fuund

better than previous lit each condition for aluminum support than other supports.

Sequence of iru::reasing amplitude for each support lit each condition like,

Aluminum<Steel< Rubber<Plastic<Without support

So from above analyses inspection of the result showed significant changes in the

amplitude of vibllltion and sur\iu;e roughness by changing supporting material of tool

holder. The result showed that cbaniing the supporting material lit S«Dle condition

surface roughness on work piece and amplitude of vibration decreased more for

aluminum support than others. As amplitude of vibration velocity and surfaoe roughness

varies with the supporting materials it is wise to select proper supporting materials to

improve performance in turning.
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CHAPTER 7

CONCLUSION AND RECOMMENDATIONS

7.1 CONCLUSION

In most of the machining industries in Bangladesh, operators don'\ give importance 011

effect of vibmtion which reduceBproductivity and dimensional ao.:l,Ill1\lY.Because of their

ignoranoe about the vibmtion effect on work-piece machining industries are losing to

have good surface finish of product with dimensional precisiOlL

The thesis is carried out fur the purpose of analysis and development of a simple system

for improving surface quality as wellllS rWucing vi1mltio1lof machine tool based on the

wed of supporting materials under tool holder in turning. To develop a proper system of

lmprovmg sumce various machining a.>ndition and supporting materials has been

studied.

A\;oording to the experimen:tal result, aluminum support system explored in the present

work is ClIpable of controlling the vibration oocwring during the turning operatiOll. It is

obvious that surface quality can improve and amplitude of vibration velocity can be

reduced by supporting aluminum slice under tool holder in turning.

It is clear that, the amplitnde of vibration velocity in turning can be reduced and surface

roughness can be improved by Wlillg aluminum support. As cost regllJding, aluminum

support can be used instead of complex model, developed rece:ntly for reducing machine

tool vibration in turning.
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7.1. RECCOMMENDATJONSFORFUfUREWORK

From the above results it is clear that tool vibrations that 0l:(;UI"in a lathe during turning

can be COlItrolledusing proper supporting materials. It is clear that, reducing the machine

tool vibllltion using proper supporting materials is important to the economics,

dimensional precision and future tool design development in reoollfigurable

lJl4llufilcturing. The main advantage of using support can be easily setup under the tool

holder at the time offhang too! holder, No need extra time for fixing this. So, time can be

saved in this system. But the study is limired to the measuring amplitude of vibration

only. Today, minimization oftool vibration has become is the greatest challenge as it can

lead to optimized product throughput ensuring tool integrity, surfuce roughness and

dimensional aoouracy. Future work may include the followings:

1. It is nec;esmy to eJmmine the time domain lllld frequency domain data using modern

sensor.

1. Vibration data can be analyzed by mathematical/simulation model.

3. A future study can be carried out to find the proper support analyzing all the ractOll;.

Gray cast iron. composite materials etc. can beused for this,

4. A future study can be carried out using cutting fluid.

5. Work material and cutting conditions can be changed for future study,
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