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ABSTRACT

Improving surface quality of work-piece and reducing vibration of machine tool is the
main ¢oncern of maoufacturing industries. Vibration problem in machine tool is a
considerable obstacte for machining industries. Effect of vibration on a machine tool
can be much too disastrous leading to the faidure of tools and cerfain execulive organs.

Cuality of the job will suffer, thereby lowering the productive capacity.

In order to prevent these vibration or o minimize the transmission of forces to the
tool holder there need high damping coefficient of the system also to have larger
stilfness of the tool.

The machining industry has an mereasing need for improved characterization of
cutting toofs and for controlling vibration and chatter during the tuming process.

In this thesis, a study has been carried out to find out the effect of vibration on
machine tool in mrning and to develop a system to minimize Lhe vibration besed on
the analysis of bolh vibration and roughness result applying varions opemlng

condition.

During the investigation attention is concentrated on how supporling materials
influences the amplitude of vibralion 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 piece has been improved and vibration reduced to a remarkable label.
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CHAFPTER 1
INTRODUCTION

1.1 INTRODUCTION

Vibrations an oscillation, or moving back and forth of an object. A particle 5 vibrating
means it is traveling a distance back and forlh at a particular frequency. Some force-
external or internal is necessary t0 generats vibration. When & machine nms 1l vibrales
due to residual unbalance force ecting on moving parts.

Vibration is produced by cyclic vanations m the dynamic componenis of the cufting
forces, resuiting from periodic wave motions. The nature of vibration signals arising from
the metal cutting process incorpormes free, forced, periodic, and random type of vibration
Direct meassrement of vibmtion is difficult to achieve because vibration inode is
frequency dependent.

In tuming operations the relative dynamic motion between cutting Lool end work piece, or
vibration is a frequent problem. This affects the results of the machinmg, and in
parlicular, the surface finish. Tool life is also influenced by vibraton. Noise in the
working environment frequently occurs as a result of dynamic motion between cuiting
too]l angd the work piece. With proper machine design, i.e. improved stiffness of the
machine structure, ihe problem of relative dynamic motion between cutting Lool and work
piece may be partially solved.

High frequency vibrtion in turning operations can be minimized improving stiffness as
well as damping of cutting tool. Supporting materials cen be used for 1bis. Leading to a
shffer structure of ool post the vibration problem may be solved in pan.



12 BACKGROUND AND PRESENT STATE OF THE PROBLEM

Vibrations in machinmg are important considerations of work piece dimenswonal
accumcy, surfice finish end tool life. Due to the elastic-plaslic deformation during
turning, work piece provides excitation 10 the cutling tool. It enhances the vibration in
cutting tool which effects the surface finish and tool life. This vibmtion of a cuttng ool
depends on feed, depth of cut, spindle speed, ewc. Including these factors, motion ef lool
is also hampered by the vibmtion of the machine itself, gear box, rory machineries, etc,
which provides more excitation vibration as a disirbance to the tool.

It has been shown in some literatures that cutling vanables are affected by vibration, as
such is expected that tool life wilt also be affected by the tool vibrtion, because mwot tife

is 3 function of Lhe cutimg vanahles oely [1].

If there be any relative vibmstory motion present between the cutting tool and the job, it s
obviocus that Lhe performance of the machine tool will not be satisfactory. Stiffness and
demping capacity of machine tools are important faciors i controlling vibmtion. Low
stiffness affects the magnitude of vibmbon and chatters in lools and machines, and can
have adverse effecs on product quality. The amplitude of vibration can be reduced by
increasing the stiffness or by damping the systemn [2].

Following calculations can be made with the purpose of preventing regenerabve vibration
1. Te have high damping coefficient of the system

2. To have large stiffness of the toof; and

3. Damping material m the tool holder also is a necessity.

Self exiled vibmtiom in a maching ol may result from the dynamic instability of the
machine parts or of the ool used in cutting. Sometimes both may be the causes of self
excited vibmation. Under the dynamic condibon, ther is, under the working condition, the
frequency of Lhe vibration of the tool is inuch more than thet of the various parts, of the
machine tools.



Several modeis have been proposed by varicus research workers for analyzing self
excited vibration in machine tools.

With Proper machine design, ie., improved stiffness of the machine structure, the
problem of relalive dynamic motion between the cutting tool end work piece may be
partially solved. However, by use of active control of the dynamic motion between the
cutting toot and work piece can be achieved [3].

A study describes a lool-wear monitoring procedure in 4 metal tuming operation using
vibration features. The meesured tool-wear forms were comelated to features in the
vibration signals in Lhe time and frequency domain. Analyses of the results suggested that
the wibration signal feaiures were effective for use in cutting tool-wear monitoring and
wear qualificeiion [4].

Some researchers mentioned techniques for suppression of vibmation in cutting tools can
save okd machines and enhance design flexibility in new manufacturing systems.
Structural stiffness interacton, with the use of smart malenals, m an nlligent tool post
is mvestigeled using Lhe fnile element method [5].

Analytical and experimental vibration enalyses are conducted for a lathe syslem o detect
the possibility of faults and do develop and sccurate cutting process. The best possible
operating conditions for a specific wming process were determmed using vibretion
analysis [6].

Recently a researcher mentioned in a work, an optimal contro] stretegy is ubhzed for
isolating the cutler from the vibmation of the machine-iool in both the radial and feed
directions. A random model with Ganssian distribution for the cutting process is
constructed [7].



The purpose of this study is to develop a model of 2 machine tool with considering
congtant excitabon force and anatysis will be done by expenments. Then further
investigation will be made W find the required spring-damper model to minimize the
vibration. So, surface finish and tool life will be increased sipnificantly.

13 OBJECTIVES AND POSSIBLE QUTCOME

This study is specially designed to address the following research objectives
1. Data anaiysis of cutting 100l vibration.

2. Develop & new setup to reduce cutting tool vibration,

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

4. Deoveiop a new setup to improve surface roughness.

The possible oulcome of the proposed study

1. Develop 2 setup of culting o} for reducng vibration
2. Develop a setup of cutting too! for improving surface roughness

In conchision, Vibraton monitormg and anakysis are the pnmary diagnostic tools for
most mechanical systems that are used to manufacture products. When used properly,
vibmtion data provide lbe means t mamntain optimum opersiing conditons and
efficiency of critical plami systems. The present work involved to analyze Hl'll‘.fi‘_l'ﬂduﬂﬁ the
vibration by providimg proper supporting maierials.



CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

With the modemn trend of machine too! development vibration has gained considerable
imponance for improving sccuracy and reliability. The vibration of the cutting tool in a
tuming process is known to have detrimerial effects on the surface finish of machined
parts. The vibration of a machine tool 15 one of the major factors limitng its performence.
Much attention has been focused on minimizing this problem, either by improving the
dynamic compliance of the structure or by selectng the cuthng conditions such that
vibration does not occur. There gre many thesis has been conducted o analysis the effect
of vibmtion and found & promising result.

22 HISTORICAL BACKGROUND

In one study has been conducted to find the comrelation of vibrabon signat features to
cutbing tool wear in a metal tuming opearation. The analysis snd comelation of vibration
sipnal features 1o cutting tool wear have been camed out. Time domain features were
deemead 10 be more sensitive 10 cuiting condition than toof wear, whersas frequency based
features comrelated well with the tool wear. Based on the measuremenis of cutting tool
wear form and the analysis of the vibmtion signatures, it has been possible o identafy he
trend of the sensor signals as the msert wear length increased. The charactensiics showed
that the measured wear vafues correlated well with certain resonant peak frequencies. The
sensor signals were aiso affected by the differemt wear modes. Tt has been possible to
establish distinct differences m signal characteristics when culting was performed with a

new inserl from that occurring with a detrimenital level of weer [4].



By use of active control of the machine tool vibration, & further reduction of the dynamic
motion between the cuttmg ten! and work piece can be pchieved. It was found (hat
adaptive feedback controf of the tpol vibration in the cutiing speed direction, based on the
fil-tered-x LMS-algorithm, enables a reductian in vibratwom, by up to 40 dB at 1.5 kHz,
and by approximately 40 dB at 3 kHz It was also observed that the imroduction of
jeaknge m ihe G)-tered-x LMS-algorthm improved the stability properties of the
feedback control sysiem. A significant improvement m the work piece surface finish was
observed &nd 2 substanta! redbction in the nose level was obtained wath adaptive comrol

131

Another study describes a contro! system designed ip improve the surface finish durng
turning by reducing the vibration of the machme tool. Vibration cantrol is achieved by
sensing the refative vibration between Lhe ol and the work piece, genemating & force
which tends to neutmbize the excitstion. The comrol system has been tleshed
experimerially during furning under various amting conditions. The improvement in
surface finish is verified by comparing two identicat surfaces, one machine with and the
other without the designed feedback-contro! device. Results indicate that the amplitzde of
vibretion decreases by 33% whilst, the resulting improvement in the surface finish is
ebout 22% [8].

In a recent shuly the best possible operating conditions for a specific turning process were
determined using vibration analysis. Problem-causing components for several case
stdies (different speeds, feed mtes, and 1o0] lengths) were identified and guide lines for
improving & typical manuficturing proosss were recommended. In ihese expeniments it
was shown that acceleration amplitudes were highest for the 5/8 inch tool length setting.
The Jowest vibration amplitudes were seen in the 3/8 inch tool length 1ests. This paper
also recommendsd = pair of very stiff viscoelashc couplings made of graphiie with high
rigidity may help 10 reduce the effects of torsional and bending vibration from the feed
rod, which are transmitted 10 the system {6},



Rigid fixing is required to minimize displacements of cutting tools from the nominal
position during machining. However, the era of reconfigurable manufacturmg needs

fixtures consummg less space and having mmimum weight [9].

Another study developed a tool post system for dynamic response control. In this work
lgad zirconate titanate (PZT) is employed as the intelligent meterial for the sman tool
post actuator. The tool post model incorporates the actuator, tool camer (holder),
supporting diaphragm and the ol bit as a spring buffer between the 100l camer and the
net axial actuating force at the toot tip (radial to the work-piece){3).

High frequency vibmbtions of a bonng bar cutting tip are mmimized by use of a damping
sandwich of plural layers of steel and plural allemate layers of viscoelastic sokd material.
This damping sandwich is placed at a jomt in the machine tool between the cutting tip
and a tool mounting area, end is shown as being provided between a mounting face of a
tool mounting block and a mourmting aree. The damping sandwich permits greater depth
of cut, with greater inches per revolution of chip removal without any chater for
improved metal removal [10].

From the above discussion, it is clear thet there is no available, easy, less down time and
cos1 effective systern that provides capabilities needed for reducing vibration as well as
improving suriace finish, Its easily possible using proper supperting matertals between
tool halder and too! post by rigid fixing. Slice of supporting matenals has beem used.
Spring mags damper mode]l followed for this.

So by analyzing the spring mass damper mode] with proper supporting materials a
suitable set up 1o reduce vibration as well as improving toughness devetoped here,



23 IMPORTANCE OF THE STUDY

Over the past several decades considerable improvements have been achieved in the
performences of various machining process. Most of Lhe current machine mols are
designed for optimizing the process efficiency while maintaining the required surface
qualtty of the finished parts. This ofien causes the machining process m operale very
close to the stability limils. Unstable machine 100l vibrations can ceuse inferior surface
quality of the finished product as wel! as higher tool wear leading io 100l breakage.

When a machine runs it vibrates dus m residual ymhbalance force acling on moving paris.
Design of a perfect machine which will not vihrale is pmctically impossible. Bul
ampilitudes of vibrmtion cen be reduced.

The need for selecting and implemenimg optimal machining conditions and the most
surable outting too] hes heen felt over the last few dacades. Today, minimization of tool
vibration hes become ane of the grealest challenges of present time as it ¢an !ead to
optimized product output through ensuring tool imegrity, surface roughness and

dimensional precisions.

In conclusion, Low cost system of improving surface fmish and reducing vibratian would
be grest practical value. The principle of the present work is to reduce the disturbing
force by providing proper supporting matenials undes [he too! halder o dissipate the
disturbing force.



CHAPTER 3
FUNDAMENTAL THEORIES OF VIBRATION

3.1 INTRODUCTION

A body is said to vibrete if it has periodic motion. Mechanical vibration is the study of
oscillaiory motions of bodies. Vibrabons are harmful for engineenng systems. Some
times vibrations can be useful. Excessive vibrahon causes discomfort o human beings,

damage to machines and bu:ldings and wear of machine paris such as bearings and gears.

To and Fm motion of mting body is called vibretion. This To and Fro moton may be
for the womatng part of the machine or part of the statonsry body, pipe line or the
structure. Vibmtion can also expressed as the oscillation or moving back and forth of an
object. Sometimes this vibration cen be visible or audible and sometimes it can feel only.
Put this vibration is the measure of the condition of rotating machinery.

Vibraton lakes place using some input of energy through an applied force. In a machine,
this input of energy to the vibmtan mreans that i is diveried from the process. This not
only reduces the machines efficiency, but also may result in damage to the machines
components ot the maching as a whole.

32 CHARACTERISTICS OF VIBRATION

Vibretion Amplinde and Vibration Frequency are the common charactenistics.
Sometimes a third charactenstics, phase, becomes important when it is necessary to deal
with several types of vibrations. The measurement of these charactenisbes, amplimde,
frequency and phase, provides the source of all kinds of vitmation.



The applied force to Lhe system to meke it vibrate directly affects the ampiitude of the
vibmtiqn, The more applied force, the greater the vibretion amplitude. Birl the vibration
amplitude limits by the mass, stiffness and damping facvors of the system. These are three
physical chamcteristics of all the system that acts against the input force o comirol the
emplitude, frequency and phase of vibration. The syslem vibrates differently dependmg
upon the applied force. If the sysiem sirikes once, then 1t will vibsale at 1ts naturel or
resonance frequency. But normally for a rotating system, the vibration frequency is the
same of the rotatiomal frequemcy or my muliple of the rotational frequency. For a
rolationel system, the directions of vibration are in the mdial or axdal direciion. But in

some cases the system can vibrate torsionally.

33 EXAMYLES OF VIBRATION

1. Beating of heari

2. Lamgs oscillate in the process of breathing

3. Walking- Osallation of legs and hands

4. Shivering- Oscillation of body in exitreme cold

5. Speaking - Ear receives Vibmtions to transmit message to brain
6. Vibration of atoms

7. Mechanical Vibrations

34 CAUSES OF VIBRATION

There are many problems which can produce vibratiors: few of these are-
-Untalance

-Misalipnment

-Wom, damaged gears

~Bad drive belts

-Bad bearings

-Aesrodynamic/Hydmulic forces

-Rubbinp/Resonance

10



The cause of vibration must be a force, which charges its direction or amourt, The force
causing vibration and its chamscterisiics will be determined by the manner in which the
forces are generated. This 15 the reason that each cause of vibmtion has s indiaduel
cheracteristics,

35 VIBRATION SOURCES

All mechinery with moving paris genemates mechanical forces during norma! operation,
As the mechanical condition of the machine changes due to weer, chenges m the
opemating environmed, load variations, #tc., so do these forces. Understanding machmery
dynamics and how forces creme unique vibration frequency components is the key to
understanding vibration sources,

Vibration does not jusi heppen. There is a physical cause, referred 1o as a forcing
funciion, and each component of a vibration signature hes its own forcing function. The
components that make up a signature are rellected as discrete peaks m the FFT or
frequency-domain plot,

The vibmtion profile that results from motion 1s the resul of a force imbalance. By
definition, balamee ocours m moving systems when all forces generated by, and acting on,
the machine are in a state of equilibrium. In real-world applicetions, however, there is

always some leve! of imbalance and ail machines vibrais to some externi
36 CLASSIFICATION OF VIBRATIONS

One method of classifying mechanical vibmations 13 hased on degrees of freedom. The
number of degrees of freedom for 2 sysiem is the number of kinemstically independ emt
variables neceszary to completely describe the motion of every particle in the system

Based on degrees of freedom, we can classify mechantcal vibrations as follows:

11



1, Singie Degree of freedom Systems

2. Two Deprees of freedow Syslems

3. Mulbidegree of freedom Systoms

4. Continuous Systems or sysiemns with mfinile degrees of freedom

Another broad classification of vibrations is;

1. Fres and forced vibrations
2. Damped and un-damped vibrabons.

Sometime vibration problems are classified as:

i. Linear vibrations

2. Non-linear vibrations
3. Random vibrations
4, Transiertt vibrations

A system is linear if its motion is governed by linear differential equations. A system 1s
nanlmear if its molion is governed by nonlinear differential equations. If the excitation
force is known at all times, the excitation is said t be determinisac. If the excitation
force is unknown, but averages snd standard derivations are known, the excitation i3 5a8.d
to be mmndom. In this case the resulang vibrations are also random. Some times systems
are subjected o shott duration non-periodic forces, The resulting vibrations are called
transient vibrations. Ome example of a nen-periodic short duration excitalion is the
ground motion m an earthquake,

12



3.7 MEASUREMENT OF VIBRATION

Vibration amplitude can be measured in Vibration Displacemnem, Vibration Velocity or
Vibration Acceleration. Alf the characteristics are related. In facl these can be canverted
by usmng electronic integrator.

Flectronic mstruments for measuring machinery wibrairon are classified as Meters,
Monitors or Analyzem. The mam part of the measuring system s “transducer” or pickup.
A transducer is sensing device which converis one form of energy into another form of
energy, Of we can say il converts mechanical vibration imto an electrical signal. These
pickups include velocity pickup, accelerometer and non centact (Proximity) probes.

3.7.1 Vibraton Displacement
Displacement of a vibrating body from 13 swationary position in both directions is calted
the vibration displacement. The unit is expressed as the unit of length. Normally the

vibration displacement is nol s0 high. So 1t is expressed in smaller unit.

In FPS system it is expressed m MILS (I mils = 0,001 inch}
In CGS system it is expressed in MICRON (1 micron = 0.001 mmy)

Displacemert can be measured using proximity transducer system.

372 Yibradon Velocity

The time of rate of change of displacement is the velocity. For e vibreting body, velocity
i5 not constant all over the displacement path. In case of simple pendulum he beb starts

from one end and when crosses ifs stationary position then s velocity is maximum and

minunum &t Lhe ends.

Vibmation velocity can be expressed as:

13



Vibration velocity = (Vibration displacement) X (Vibration frequency)

For a low speed machine with low vibration displacement the machine may be good. But
for high speed machine with the same vibretion displacement the machine may not good.

So for vibmation enalysis of high speed machines sometime vibration velocity becomes
yety tinporiant, because 1t contams both vibration displacement and vibration frequency.
The vibration velocity measured in 2ero-to —peak amplitude. The unit is expressed as the

vnit of velocity.

In FP'S syziem it 13 expressed m inch/sec
In CGS system it is expressed in mm/sec

Vibmtion velocity can be measured using velocity transducer system. Yelocity signal can
be converled 1o displacement signal using electronic inlegrator. Velocity leads
displacement by 90 degrees in time.

3.7.3 Vibration Acceleration

The time mte of change of velocity 15 the scoeferation. Far a vibrating body velectty s
not constant all over the displacement path. Velocity is zero at two ends and maximum at
the center. When the bob changes its velocity at the end points, then acceleration on the
bob is maximum.

Yibralion acceleration can be expressed as:

Vibmtion eccelerariom = {Vibralion displacement) X (Vibration frequency) 2

14



In case of vibmtion acceleration measurement, if incrensas as square of frequency of the
vibrating body. So for a very high speed machine with small vibmtion displacement the
machine condilion may not be good.

The unit is expressed as the unil of acceleration due 1o gravity and denomd by G
In FPS system G =32.3 fifsec?
In MES systern G = 9.8 meter/sec?

Vibmation accelermbion can be measured using accelerometer. Acceleration signel can be
comverted 10 displacement signal using electronic integrator twice. Accelemton loads
velocity by 90 degrees and leads displacement by 180 deprees m time.

33 VIBRATION FREQUENCY

It is defined s number of cycles in a given imterval of time. In vibrations we take
frequemcy as cycles per minute, CPM. Frequency of vibmtion is important because 1
indicates the cause of vibration. So, by knowing frequency we can idemify the faulty pant
and the problem causmg vibmation. The forces which cause vibmtion are generated from
the mating motion of he machines parts. So, these forces change in amount and
direction as the rotating part changes its position with resl of the machee, As a resuli
vibretien produced will have a frequency depending upon the rotahng speed of the
troubled part

Tt is alsn important to note that different machinery troubles cause different frequencies

of vibraton, due to which we are able to identify Lhe nawre of he problem.
So vibration frequency is very important in enalyzing the problems.

15



3% AMPLITUDE

Amplude refers to the maximum valpe of a motion or vibration. This value can be
represented in terms of displacement (mils), velocity (inches per second), or acceleration
(inches per second squared). Amplitude cen be measured as the sum of all the forces
cavsing vibrations within a piece of machinery (broadband), as discrete measurements for
the individua} forces (component), ot for individual user-selected forces (narrowband).

ul
Dipt, /\\_/
2 A 4§l Velocity \ /
Ko fo ot ul \-/
; 'lihz !iﬂ .t ‘/_\
Azcet, e

Figure: 3.1. Relstionship of vibration amplitude
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391 Peak-to-Peak

As iliustrated in Figure 3.1, the peak-tn-peak amplitude (2A, where A is the zero-lo-peak)
reflects the total amplitude generted by a machine, a group of compenents, or one of 1ts
companents. This depends on whether the deta gathered are broadband, narrowband, or
component. The unit of measurement is useful when the analyst needs lo mow the total
displacernem or maxrmum energy produced by the machine’s vibration profile.

Tachnically, peak-to-peak values should be used in conjunction with acrual shaft-
displacement data, which are measured with a proximity or displacement transducer.
Peak-to-peak lorms shouid not be used for vibration data acquired using either relatrve
vibration data from beanng caps or when vsing a velocity or acceleration transducer. The
onfy exception is when vibmation [evels must be compared 10 vibmtion-severity charts
based on peak-to-peak values.

392 Zero-to-Peak

Zero-to-peak (A), or simply peak, values are equal to one-hailf of the peak-to-peak value.
In generel, relative vibraton data acquired using 2 vebocity transducer are expressed in
terms of peak.

393 Root-Mean-Square

Root-mean-sguare (RMS) is the statistical average value of the amplitude generaled by a
machine, one of its components, or a group of companents. Referrmg w Figure 3.1, RMS
is equal o 0.707 of the zero-to-peak value, A. Nommally, RMS datm are used in
conjunction with relative vibration data acquired using an sccelerometer or expressed in
rerms of acceleration.
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3,10 CHOICE BETWEEN DISPLACEMENT YELOCITY AND
ACCELERATION

The amplitude of vibration ean be measured in any one of the thres parameters As all
these parameters are directly related end can be used o check the condition of machine,
but we have o select the mosl suilable one.

AR we know vibmtion seventy is a funciion of displacement und frequency, where as
velocity is function of displacement and frequency. So we can say measure of vibration
velocity i3 dir;:.cl measure of vibration severity. By expenence, this conclusion become
true thel vibmhon velocity is the best overall sndication of machinery condition.
Acceleration measure is 2130 helpful where frequency range covers high frequencies.

311 EFFECTS OF YIBRATION

The effecls of vibrations are as follows:

1. Unwanted noise

2. Farly failure due o cyclical stress (fabgue faiture)

3. Increased wear

4. Poor quality product

5. Difficult to setl a product

6, YVibmtions in machine tols can lexd w improper machining of parts

In conciusian, the fundamental of vibrabon is importsnt for predictive maintenance,

diagnogtics, and many other vpses. All mechanical equipment @ molion generaiss a
vibration profile, or signamure, that reflects its opemting condition.

18



CHAPTER 4
VIBRATION IN MACHINING

4.1 INTRODUCTION

With the modern trend of machine tool developmeni, accuracy and reliability are
graguatly becoming more prominent features. To achieve higher accuracy and
productivity is nol enough © design the machine tols from simic considerations withoart
considering the dynamic inslability of the machine tools. If there be any relative vibratory
moticn present between cutting tool and the job, It is obvious thal (he performance of the
machine tool will not be satisfactory.

During operations machine iools are subjected W static or dynamic loads, the latter
having perodic or impact characlenstics. These loads are associated with the cutting
process andfor movements of the machine 100l members. These forces may act m either

of the foliowing manners:

(a)Dynamic behavior caused entirely by the load acting durmg the action of the load
{forced vibmations),

(b}Dynamic behavior initiaied by a load bt persisting after load has caused m act (free
vibrations),

{c)Dynamic behavior through &n interaction between the structure and cutting process
(self-excited vibrations).

While analyzing dynamic behavior of machine tools, opidity and stability are two
important charmcteristics 0 be considered.
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Dynamic rigidity is defined as the mtio of amplilude of vibratory force considered
hamnonic to the vibralory displacement at a given frequency. It is the measure stuchure
resistance to vibmtion. The syslem has its lowest rigidity at resomant frequency or
frequencies. The patiemn of deformation of n system for given frequency of vibration is
referred to Bs & mode of vibmation and in the case of a resonant frequency a principal
mode of vibmiion &t which it is assumed that afl coupled masses ere executing vibrztion
at the same frequency. While dynamic rigidity refers to sieady-state vibmtions, siability
comesponds i transient response charactenstics.

Dynamic stability indicales that the masses of a disinibined system osciilale with
decreasing amplitudas mwwards the original state of equilibium and coastitue a
dissipative system.

Dynamically unstble system osciflates with increasing amplitudes deviating more and
mote from the original postien of aquilibrum. The most common phenomena of
dynamic instability in machine tools in one or more forms of self-excited vibmtions
frequancy are described as chatter,

Lack of dynamic rigidity and occurrence of dynemic instability have adversely affected
many designs of machine wols as regards their performance chamcterisiics.

42 THE EFFECTS OF YIBRATION IN MACHINING -

The effects of vibration can be considered on four main points:
(a) The effects of vibration on the machine tools
{b) The effects of vibration on the cuttmg condrtion
{c) The effects of vibration on the work piece
{d) The effecis of vibration on ool ks
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43 SOURCES OF YIBRATION IN MACHINING

Knowing the purpose of the machine, 1he tolerable limit of vibration can be fixed up. For
comrolling and elimination of vibration, the sources of vibration must be searched out.

There are six main sources of vibration
(a) In-homogeneities I Lhe work piece material
{b) Build-up edge in cutiing lools
{c) Unbalance end disturbances m the drives
(d) Intermitted cuttmg (tikee milling}
(e} Transmsston of vibration from Lhe ground which vibrales due to other reasons
{f) Generation of vibration from the cutting process itself, commonly known as
machine tool chatter.

4.3.1 In-homogeneitirs in the work plece matecial

When a homogeneous matenal 1s machined, the cotting force which deflects the elastic
and tool holder, remain more or less constand. Put if Lhere be eny in-homogeneity present
in the materials en impulsive force will be generated due 1o the sudden increment of the
hardness of the work piece matenal. Az an effect of this impulse a free vibration is sel up
in the cutling tool &nd afso in the machine 1ool body. Build-up edge has got also similar
effect but that is mot ectualty due 1o the work piece matenal. If Lhe system is dynamically
stable then the vibration mibated by the mpulsive force will die out but if the system is
unstable then the effect may be considerable.

43.2 Vibration due v Build-up Edges

There are some cases of vibrations which are neither forced nor self-excited. One such 15
due to buiid-up edges which change Lhe instantaneous rake angle ¥ by en amount Ay,
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433 Disturbances in the Drives

Disturbance in the drives may be of two types: First one is due (o distarbence in rotating,
driving members of the machine tool. This type of disturbances may be generaied due-to

many reasons, Some of the reasons are:

(i) Rotetmp unbalanced mass
(it) Faulty arrangement of drive
(it} Fault in the supporting beanng

44 Vibration due 0 Entermittont Cutting

When the cutting process itself is intermiltent or periodically discontinuous then cutting
force becomes fluctuating with a dafinite period. Due to this flucteating or dynamic
cutting force which is transmitled to the maching 100! via the cutting toel and job, it is
quite likely that a forced vibmtion will be gemeraied due to the elastic nature of the
system. Now if the frequency of the force fluctuation fails in the range of any naburat
frequancy of the machine, the vibration may be severe.

435 Transmiysion of Yibration from Vibrating Foondation

In any machine shop floor there will be various machines and if any where dynamic force
through vibration is transmitted to the ground, the machine shop floor will vibrale. Now
this vibretion may be iransmitted 1o a precision machine through its foundation and spoi!
the job.



4.3.5 Mnchine Tool Chatter

Machine tool can vibmare due to the cutlmg process ifself under some particular
conditions. In these cases, exciting force is not coming from an outside element; it is
supplied by the cutting process itself. These types of vibration are self-induced and

commonly known as machine 1ool chatter,

44 FORCE SYSTEM IN TURNING

The cutting forces are largely affects the result of chip separation, ns removal and chip-
breaking actions, with the immense pressure and friclion 1n this process producing forces
acling in various directions. Figure 4.1 can be seen a model of the three-dimensional
cutting force components i an oblique ummng operation, when the principal cuhing edge
is gt an angle to the main work-piece axis (i.e. Z-axis). These component forces can be

separated into the:

Tangentizal force (F¢) — which is greatly influsnced by the contact and friction between
the work-piece and tool, as well ss the commct conditions between the chip and the rake
face of the cutling edge. The magnitude of the 1angential cutting force is the greatest of
these three component forces and contributes o the torque, which in tum, influences t he
power requiremem for cutting, Fundamentatly, the product of the angential force and the
cutting speed represent the power required for machining. The specific cutting force is 8
unit expression for the tangential cutting force, being closely relaied to the materal’s
undeformed chip thickness and selected feed rate.

Axial force (F, ) — the magnituda of this force wilt wary depending an the selecied feed
rate and the chosen too] geometry and in pamicular, the “plen approach angle’ , or
‘enterp angle’. Its direction is from the feeding of the to0l, along the direction of work-
piece machining,



Radial force (F,) — is direcied at night angles to the tmgentisl force from the cutting
poini. The *plan approach engls’ and the size of the nose mdius will influence this force.

Figure 4,1 Cutting forces involved in tuming operation

45 BSURFACE ROUGHNESS IN MACHINING

Outermost layers of ail machmed surface display a great number of both macro-
geometrical and micro-geomstrical deviauons from the idesl geometrical surface.
Deviations of the first order include errors of form and are macro-geometrical. Deviations
of the second order are waves while the devislxms of third and higher orders refer 1o
surface roughness. The principal elements of surfaces are defined below:

Surface: The surface of an obgect iy the boundary which separates that object from
another substance. Iis shape and extent are usually defined by a drawing or descriplive
specifications.



Profile: The contnur of any specified section through a surface.

Roughmess (Primary texture): Ralatively fine-spaced surface mregularities. On surface
produced by machining and abrasive operations, the imegularities produced by the cutimy
action of tool edge snd abrastve grains and by the feed of the machine tnol are roughness.
Roughness may be considered as being super posed on a wavy surface. Roughness is
expressed in terms of its height, its width, and its distance on the surface along which it is

measured.

Roughniess is generatly described usimg two methods.

1. The arithmetic mean value (R,, formerly idertified as AA for arithmetic average or
CLA for centerlme averge)

2. The root-mean- square average (R,, formerly :dentified as RMS)

Waviness {Secondary texture): The surface irregularities which are of grester spacmg
than the roughness. On machmed surfaces such iregularnities may result from machine

and work deflections, vibrations, e

Flaws: Iregularties which occur at one place or at relatively infrequem inbervals in the
surface, €.g., & scratches, ridge, holes, cracks, seams, ears efc.

Lay: The direction of predominant surfece patiem and usually visible io the naked eye.
445 MESUREMENT OF SURFACE ROUGHNESS
Measurements of roughness are made in two general ways. One 15 by companson of

surfaces o standard reference surfaces. The other ia by the use of instruments thatl make

direct measurements.



L Method of Comparison

Surfaces are observed through s magnifying glass or microscope for visual comparisons.
Magnified surfaces are often photogrephed. However caulion musi be exercised n
mxemine photographs. Often sight-and-touch is the best method of conparison.
Photogrephs are so dependent on illuminalion or focus that they may not reveal true
depth pattorn. Most comparative methods require skill and judgment

1L Styhm Type Profilomelers

For sctus] quantitetive measurements of surface roughness often stylus type profilometers
are used. A sharp diamond stylus or pointr on the end of an arm is dragged back and
forth across a surface at 2 given rate. The stroke length is adjusiable and provides the
sampling tength.

As the stylus passes over the surface it rises and @lls by amounts proportianal (o surface
roughness. These rises and falls gencrate oplical or electrical responses ‘which are
amplified and reconded.

4,7 FACTORS EFFECTING SURFACE QUALITY

There are geven major ficiors influencing surface quality in machining operations:
(a)Machine tool rigidity and bearing accuracies

(b)Finish-ability of work material

(c)Type and conditian of cuiting ol

(d)Applicalion of cutting fluid

{e)Method of ¢hip removal

(fYGeometry of cuttmg tool

(2)The variables: feed depth of cut and cutting speed.



Waviness of the surface may be due 10 vibretians which in due to

(1)External sources of shock and vibrations
(2)Defects in the drive in machine elements
{3)Defects in the drive 10 machine tool
(4)Self-excited vibrations

48 JOINTS IN MACHINE TOOL STRUCTURES

Although they are less significant than mtemal damping, bolted joints in the structure of 2
mechine ol are also a source of damping; their effectiveness depends on size, position
and the number of joints. Because mction dissipates energy, small relatrve movements
along dry (unhibricated) joints dissipate energy and help o mprove danping. In joints
where oi} or adhesive polymers are present, the intemel friction at the joint dissipates
energy, which also contribuies o damping.

All machine tools consist of a number of large and small components, assembled into B
structure by various means. Consequently, this type of damping is cumulaiive due to the
presence of a number of jomis in the machine tool

The more joims, therefore, the greater the amouni of energy dissipated and the higher the
damping. However, ovemall system shifness is usuaily reduced as the number of joints

I0CTEASES,

49 GUIDELINES FOR REDUCING YIBRATION

The basic guidelines may be summarized as follows:
a. Minimize of overhang
b. Support work piece ngidly
¢. Mbodify tool and cutter geometry
d. Change process pammeters, such a8 cutting speed, feed, depth of cut, and cutimg
fluids.
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e. Increase the stiffness of the machine tool end ils componems by improving
design, using larger cross-sections, and using malerials with higher elasuc
maodualus.

f. Tmprove the damping capacity of the machine ool

In conclusion, it is importamt to know the effects of vibration m machining to save the
machine from damage. Mechine tool vibration has detrimentnl effect on ool life which,

in hurn, lowers down the productivity and mereases cost of production.



CHAPTER §
APPLICATION OF DAMPER IN DYNAMIC SYSTEM

5.1 VIBRATION ANALYSIS OF DAMPING SYSTEM

The fundamentals of vibmtion analysis can be undemstood by studying Lhe smple mass-
spring-damper model. In this section forced vibration with damping has been discussed.

5.2 Free Yibration

Vibration under free or natural conditions. No disturbing forces. Free vibmtion occurs
when a mechanicel system is set off with an inftial input and then allowel to vibrate
freely. Examples of this type of vibration are pulling a child back on a swing and then
letting go or hitting a funing fork and letting it ring. The mechenical system will then

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

Example: - Simpie Pendulum

Figure; 8,1. Simple pesidulum



52.1 Simple Harmonic Motion (8 H M)

The oscillations of the mass shown mn figure: 5.1, are described as simple harmonic
motion. S:mple harmonic motion is represented graphically in figure: 5.2.

l X-Displacement

X A-amplitude

A T-Periodic Time

N f-Frequency

T f=1/T
@=Frequency in radians per
second

l 1= time

P
e

. |

X=Aona

> -
—

Figare: 5.2. Simple Harmonic Motion {SHM)
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53 FORCED VIBRATION

Vibration due 1o impressed disturbing force. Forced vibration is when en alternating force
or motion is applied o a mechanical system. Eoamples of this type of vibration include a
shaking washing machining due to an imbalance, tansportation vibmation (caused by
truck engine, springs, road, eic)or the vibration of a building during an earthquake. In
forced vibraton the frequency of the vibration is the frequency of the force or motion
applied, bt the magnitude of the vibrbon 1s sbongly dependent on the mechamcal
systern itself Examples

1. Electric bell-clipper oscillation under electromagnelic force.
2. 1.C Engines-vibrations due to unbelanced inertia forces

£3.1 Forced Vibration-Damped

In a damped forced vibration system such as the one shown in Figure 5.3, the motion of
the mass M has two pans: (1) the damped free vibration at the demped natural freguency
and (2) the steady-state harmonic motions at the forcing frequency. The damped natural
frequency component decays quickly, but the steady-stale harmonic associated with the
external force remams as long as the energy force is present.

With damped forced vibration, the only difference in its equation and the equation for
damped free vibmtion s that 1t is equal to F;, sm (1) as shown below instead of being

equal to zero.

Mdax_ dX ,
— --;-I-Ed—r-#II = Fﬂ!l’l[iﬂf}

g -
¢ odt S =l | T |

With damped vibration, damping constant ¢ is not equal to zero and the solution of the
equation gets quite complex assuming the function, X = X, sin (wt-®). In thns equation, ©
is the phase angle, or the mumber of degrees that the external force, F, sin {ut), is shead
of the displacement, X, sirs (wt-Tr).
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Figure: 53, Damped forced vibrahon system.
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Usmg vector concepts, the following equations apply, which can be solved because there

are two equations and two unknowns:

Vertical vecior companent:

M oz
R’Iu-g-m XH—Fumsq. = [
£

Horizonl vector componert:

cm g SN m b e
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Solving these two equations for the unknowns Xg and @:

Fq
o I3
x{l = - - = =
frw) +(K--m‘) [1_%*(25“{%)4
“ TURTRR 271 X
sC
C o
IJ.I'J.# - oy - [l m‘
x- M7 -frel)
Fe PO TRPROOP PRI =1 | 1 2
Where,
¢ = Damping constant
¢, = Crihcal damping =
Eﬂmu
B ciiiiiien . EQR56

M  =Mass of the sysiem

g. = Acceleration of gravity

¢/ ¢. = Damping ratio

F, =TFxtrmal force

F, /K = Deflection of the spring under icad, F, (also calied static deflection, X}
& = Forced frequency

@, = Natuml frequency of the escillation

o/ «, = Frequency ratio

For dampad forced vibmatians, three different frequencies have © be distmguished: the
un-dampad naturel frequency,
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the damped natural frequency,

Be (CEn?
7= a7~ () ... FEgqns8

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

54 DYNAMIC 5YSTEM REQUIREMENTS

Engineers commonly ask “how stiff should the structure be?” A minimum specified static
stiffness is a usaful but not sufficient specification. For exempls, the machine can be
made to not deflect too much under sts own weight or the weight of a part Foriunaiely,
can be predicted with reasonabbe accuracy. To obtamn good surface finish or dynamic
performance, the dynamic stiffness needs o be specified.

The dynamic siiffness of & system is the stiffness maesured wsing an excitation force with
a frequency equal w the damped netural frequency of the struciure. The dynamic stifiness
of a system is also equal to the static stiffness divided by the amplification at dynamic
rescnance. It mkes a large amoum of damping to reduce the amplification facior to a low

tevel.

If the damping is keavy, the system is said to be over-damped and if it is light, it is cafled
under-darmped end motion i oscillatry whils is over-damped, the motion is & periadic.
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£% FEFFECTS OF CHANGING THE SYSTEM’S MASS

Decreasing the mass of the system wiil enhance the ability of the machine 10 respond o
command signals. However, the trede-off is that the system will jose the ability 10
attenume hiph Fequency noise and vibration es shown m Figure: 5.4. A system with
decreased mass offers & higher natural frequency, which means that lugher speed
comroller signals can be used without compromiving the accuracy of the sysiem. A low
mass system also shows improved damping, a result of the increased loss factor, bul a
tow mass system shows bess noise regjection et bhigher frequencies. This suggests that the

machine will be less able o attenuate noise and vibration.

Considering all the izsues, in conclusion, the mass should be minimized to reduce
controller efforl and improve the frequency response and foss factor (£).

Effects of changing system’s mass, stiffness end damping shown by Figure 5.4,5.5 and
56

Where,

¢ = Dampmng coefficient N fsec /um
m = Mass (Kg)

k = Stiffness N/pm

is



107 c=0.2
k=1.0

m=2.0

m=1.0

Figure: 5.4. Amplitude {pm} ¥s Bandwidth (dB} changmg system’s mass

56 EFFECTS OF CHANGING THE SYSTEM'S STIFFNESS

A system with higher stiffness will give a flatter response at low frequencies and give
smafler displacements for a given force input, More mportamly, the compromise of
decreased noise sftsnuation is not as dramatic as is the case wrth lowerning the system
mass. This is shown by the similar shapes in the three curves at high frequencies in
Figure: 5.5. However, acoustical noise may be worsened by adding stffess. In
conclusion, the stiffness of the machme struciure should be maximized to 1mprove

positicning sccuracy.
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10t c=0.2
m=1.0

k=(.5

Fipure: 35 Amplitude (um) Vs Bandwidih (dB) changing sysiem’s stiifness

57 EFFECTS OF CHANGING THE SYSTEM'S DAMPING

Incrensing the sysiem’s damping can make a drematic improvement i the system’s
responee. The trend is for decreasing amplification of the oulput at resonance with
increasing damping, aithough a damping coefficient of 0.4 may be difficult to obtain in
practice. Figure: 5.6, shows the dramatic improvement available by doubling the system’s
damping.
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Figure: 5.6. Amplitude (um) Vs Bandwidth ((B) changmng system’s dampmng
X8 METHODS OF ACHIEVING DAMPING

Although it has been extwnsively studied, the mechanism of damping in a material is
difficult to quamify. and one must generalty rely on empirical results. In fact, damping is
highly dependent an alloy composition, frequency, stress level and type, and temperature,
Structural damping levels are often quite low, and frequemly the dommnant source of
damping is the joints m an assembly. The amoumnt of damping ane obiaing from a material
is very low compared to the amowumt of damping thet one can obtein with the additron of &
darmping mechanism.
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CHAPTER &
EXPERIMENTATION RESULT AND DISCUSSION

6.1 EXPERIMENTAL PROCEDURE

In this experiment, the system was subjected to various operating conditions to belp
better understand the sgurces of inaccuracy in the curting pmms By varying the system
parameters snd recording the signal from the sysiem, the respanse in the ampliude of
vibration and surface rouglmess was obtained for different operaling conditioms.

To complete the experimemtal results, 240 tests (120 for amplitude and 120 for
roughmess) were conducted.

Table-6.1 Specification of the test bed

Origin Holland

Company GEMC O

Muxdel No. 8-90/260
Max Power 7.5 HP

Max Speed 1500 RPM

Max diameter of work piece 300 mm

Swing over the bed - 530 mm
Bed length 8 feet

6.1.1 Measnrement of Vibration

The test bed for this experiment was an Engine lathe with (he specifications given in the
Table-6.1.
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A schematic diagram of the instrumemation setup is presented in Figure: 6.1 and details
of the work-piece and 100ling materials shown in Tabbe-6.2

Table-6.2 Test material type and o] details

Work piece materials Medium carbon steel
Tool hioider T PSBNR 2525 MIZ
Insert type Coated carbide SNMG
Supporting materials Steel, alurmimurm, plastic and rabber(heat
proof) of each({100mmX25mmX2mm)
Cutting fluid used None

The tests were conducted at the following cutting condtions for vibration given in Table-
63

Table-6.3 Cutting condiitons for vibration

Cutting speed, V(m/min) 2937,4530.61.42,03 46
Fead, s (mm/rev) 0102
Depth of cut, d{mm}) 0.51,1.5
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Figure: 6,2, Schematic diagram of work-piece used for vibration

According to Figure 6.1, one end of work piece 1s clamped rigidly by the 4-jaw chuck
and centered accurately, other end cltamped by milstock. The work piece measurement
given m the Figure: 6.2 and it was reset at the begmning of each trial. Casbide insert
attached with the tool holder {(wathout suppon).Tool holder rigidly fixed with too! post
Insert alignment checked properly with dead center and center of the wortk piece.

Ome welocity seiasmic probe was mounted beside the tnol holder. Measurement of
ampiitude of vibration vehocity were made using Berrily Nevads TK 8 15 a portable
tunable flmr vibration meter measures machine vibrabion using velocity/proximity probe.
The meter comtains manua! tuneble filter and can measured both composite and filkered
vibration amplitude.

Amplitude of vibration velocity taken at feed(s) =0.Imm/rev and depth of cut {(d}
=0.5mm with varying cutting speed (V) 29.37, 45.39, 61 42 and 93.45m/min accordingly.
Woark piece machined 20mm distance along its tength for taking result of each cutting
conditions, work piece materials has changed es required. Interrupted machining was
conducted for using a fresh tool for each depth of cut or the cuthing edges severely womn.
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Then amplitude of vibration velocity taken at feed(s) 0.1 mm/rev depth of cut (d) changes
10 Imm and 1.5mm varying cutting speed same a3 previous,

Again amplitude of vibrabon velocity taken with feed(s) changes to 0.2mm/rev and depth
of cut(d) changes o 0.5mm, 1mm end I .5mm varying cutiing speed same as previous.

Afer mking all data of without support of each condition, supporting materials steel,
aluminum, plastic end rubber {specification of each wven in the Table-6.2) supportad
under the ool holder. For centering the insert tip too] holder materials removed 2mm
from is botiom according to support thickness by machining. Too! holder resiached
rigidty and all resuit taken again seme as previous cutting conditions.

All the resuht of gmplitudes presemed i the Tablet.5 to 6.10 based on cutting condition
and supporting sequence.

6.1.2 Measurement of Ronghness
For taking measurement of roughness wok piece has been machined following procedure
of vibmtion measurement. Only little change introducad in depth of cint (piven in the

Table 6.4) and machining lenpgth of each condition given in the Figure 6.3.

The tesis were conducted at the following cutting condrions far roughness given m @ble-
6.4

Table-6.3 Cutting condrions for roughness

Culting spesd, ¥{m/min} 29.37.45.39,61 4293 46

Feed, sunmirev) 01,02

Depth of cut, d{mm) 0.25,0.5,1
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Figure: 6J. Schematic diagram of work-piece used for roughness

Work piece machined 10mm distance along its length for taking result of each cuiting
conditions, work piece materials has changed as required. The work piece measurement
given in the Figure: 6.3 and it was resei at the beginning of each trial.

Surface ronghness of work piece taken at feed(3)=0.1 mm/rev and depth of cut{d) 0.25mm
with varying cutting speed (V) 29.37,45.39,61.42 and 93 46m/mm eccorfingly.

Interrupted machining was corducied for using a fresh ool for each depth of cut or the
cutiing adges severely wom.

The vzlugs of aversge surface roughness for ail euring conditions, measured with the
help of Taylor Hobson Surtronic 3+ roughness tester. In this system & sharp diamnond
stylus or pointer on the end of an arm is dragged back and forth across & surface at a
given mite, The stroke lengdh is adjusiable and provides the sampling length. As the stylus
passes over the surface it rises and falls by amounts proportional w surface roughness.
These rises and flls generate optical or electrical responses “which are amplified and
recorded.



Then surface roughness of work piece taken mt feed(s) 0.1lmm/rev and depth of cut{d}
changes 1o 0.5mm and 1 mm varying cutting speed(V) same a5 previous,

Again roughness of work piece iaken with fesd(s) changes to 0.2mm/rev and depth of
cut(d) changes to 0.25mm, 0.5mm and I mm varyimg cutting speed(¥) same as previous.

After rking atl roughness result of without support of each condition, supporling
maisrials skeel, aluminum, plasix and rubber (specification of each given in the Table-
6.2) supported under the toel holder. Afer cemenng the nsert tip all resutt taken again

same as previous cutting condibons.

All the results of surface roughness are presented in the Table 6.1 1o 6.16 based on
cutting condition and supporting sequence.
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Table 6.5 Vibration Result (at Feed, s = 0.1mm/rev, Depth of cut, d = 0.5mm}

Cutting Spead, V{m/min) 2937 45,39 61.42 93.46
“Amplhitude(in/sec) Without Support 0025 |0035 |00425 |0.0475
Amplitude(in/sec) Using Steel Flat Bar 0125 |0.020 00275 | 00325
Amplitude{in/sec) Using Alominum Flat Bar | 0.010 00175 | 0.020 0.025
Amplitude{in/sec) Using Rubber Sheet 0015 | 00225 | 00325 |00375
Amplitude({in/sec) Using Plastic Sheet 0020 | 0030 0035 |00425
Table 6.6 Vibration Result {at Feed, s = 0. 1mm/rev, Depth of cut, d = 1mm)

Cutting Speed, Y(m/min) 2937 4539 61,42 93.46
Amplitude(in/sec) Without Support 0.039 00325 | 0070 00775
Amplitude {in/sec) Using Steel Flat Bar 0.020 0.030 00375 | 0.040
Amplitude{infzsec) Using Aluminum Flat Bar | 0.0125 | 0.0175 [ 0025 0.030
Amplitude {in/sec) Using Rubber Sheet 6.0225 | 0.0325 | 0.040 0.045
Amplitude(in/sec) Using Plastic Sheet 0025 0.035 0.045 0.050
Table 6.7 Vibration Result (at Feed, s = 0.1 mm/rev, Depth of cut, d = 1.5mm)

Cutting Speed, V{m/min) 2037 | 4539 | 6142 |93.46
Amplitude(in/sec) Without Support 0035 [0055 |008 0095
Amplitude (in/sec) Using Steel Flat Bar 0.025 0.035 0.040 0.0425
Amplitude(in/sec) Using Aluminum Flat Bar | 0.0175 | 0.0275 | 0.030 | 00325
Amplitude{in/sec) Using Rubber Sheet 0.030 00375 | 0.0425 | 0050
Amplitude{in/sec) Using Piastic Sheet 00325 | 00375 |0.055 | 0060
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Table 6,8 Vibmtion Result (at Feed, s = 0. 2nmn/rev, Depth of cut, d = 0. 5mm)

Cutting Speed, V(m/min) 2937 4539 61,42 93.46
Amplitude(in/sec) Without Support 00275 | 0045 | 0060 0065
Amplitnde{in/sec) Using Stect Flat Bar 00125 [0DI5 | 00175 | 0.025
Amplitude(in/sec) Using Aluminom Fiat Bar | 0.010 | 0.0125 | 0015 | 00225
Amplitude(in/sec) Using Rubber Sheet 0015 |0.0175 10020 |00325
Amplitude {infsec) Using Plastic Sheet 3.0225 |0.035 0.0425 10045

Table 68 Vibrabon Result (at Feed, s = 0.2mmfrev, Depth of cut, d = 1mm)

Cutting Speed, V(m/min) 2037 | 4539 6142 | 9346
Amplitade({in/sec) Without Support 0.045 | 0055 | 00625 |00675
Amplitude(in/sec) Using Steet Flat Bar 00225 |[00325 |0035 |0.040
Amplitude{in/sec) Using Aluminum Flat Bar | 0.020 | 0.0275 | 0.0325 | 00375
Amplitude(in/sec) Using Rubber Sheet 0.035 |0.0375 [0.040 | 0.045
Amplitude{in/sec) Using Plastic Sheet 0.04z5 [0.045 |0.0475 |00525

Table 6.10 Vibranon Result {(at Feed, s = 0.2mm/rev, Depth of cut, d = 1.5mm)

Cutting Speed, V{m/min) 2937 45.39 61.42 93.46
Amplitude{in/sec) Without Support 0055 {00625 | 00675 |0070
Amplitude{in/sec)Using Steel Flat Bar 0.0375 | G.040 0.045 0.0525
Amplitude(in/sec) Using Aluminum Flat Bar | 0,030 | 00325 | 0.035 | 0.0425
Amplitude(in/sec) Using Rubber Sheet 00425 |0045 |0050 |00575
Amplitude (in/sec) Using Plastic Sheet 0.045 00475 | 0.0525 | 0.060
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Table 6.11.Roughness Result {at Feed, s = 0.1mm/rev, Depth of cut, d = 0.25mm)

Cutting Speed, V{m/min) 2937 4539 |6142 | 9346
Roughness{pm) Without Support 6.00 484 442 3.02
Roughness(pm) Using Steel 4,50 3.86 3.08 1.92
Roughness(pm}) Using Atuminum 3.26 3.10 2,76 1.84
Roughness(pm)Using Rubber 482 4.24 322 256
Roughness(pm) Using Plastic 5.06 4,76 382 270

Table 6.12.Roughness Result (at Feed, s = 0.1mm/rev, Depth of cut, d = 0.5mm)

Cutting Speed, V(m/min) 2937 4539 61.42 93.46
Roughness(m} Without Support 662 | 558 532 338
Roughness(pm) Using Steel 478 406 362 262
Roughness(pm) Using Aluminum 3.50 3.22 2.82 186
Roughness{um) Using Rubber 492 4.46 3.78 2.76
Roughness(pum) Using Plastic 5.82 4.84 418 292

Table 6,13 Roughness Result (at Feed, s = 0.1 mm/rev, Depth of cut, d = lmm)

Cutting Speed, V{m/min) 2937 4539 61,42 93.46
Roughness{um} Without Support 6.52 6,08 540 4.50
Roughness(pm) Usinyg Sieel 482 438 4.04 272
Roughness{pm) Using Alumirum 414 348 208 260
Roughness(pm) Using Rubber 4.98 4.66 430 348
Roughness{pm) Using Plastic 6.22 492 4.34 358

48




Table 6.14 Roughness Result (at Feed, s = 0.2mm/ftev, Depth of ¢ut, d = 0 Z5mm)

Cutting Speed, V{m/min}) 2937 4539 6142 93.46
Roughness(pnn) Without Support 616 530 |524  |3.78
Roughness(pm) Using Steel 5.00 478 384 2.56
Roupghness(;m) Using Aluminum 4.64 3.86 3.52 222
Roughness(pm) Using Rubber 552 5.00 426 298
Roughness{pm) Using Plastic 610 524 518 jons

Table 6.15.Roughness Resuli { at Feed, s = 0. 2mm/rev, Depth of cut, d = 0.5mm)

Cutting Speed, V(m/min) 2937 | 4539 | 6142 | 9346
Roughness{pm) Without Support 6.90 582 5.66 4.06
Roughness(pm) Using Steel 5.10 5.04 402 266
Roughness{zm) Using Alummnuwn 468 452 3.70 226
Roughness{um) Using Rubber 562 526 438 3.10
Roughness(pm} Using Plastic 6.54 5.66 554 350

Table 6.16.Roughness Result (at Feed, 5 = 0.2mm/rey, Depth of cut, d = 1mm)

Cutting Speed, V{m/min) 2937 4539 6142 93.46
Reoughness(pm) Without Support 1.50 678 612 508
Roughness{pm) Using Steel 526 518 470 338
Roughness{pm) Using Aluminum 434 4,56 3.50 230
Roughness(pm) Using Rubber 6.00 546 514 3.40
Roughness(um) Using Plastic 7.24 6.66 592 356
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62 RESULT AND DISCUSSION

Analysis of vibration of machime 100! in tuming is a very significam way to improve the
machine health as well as surface quality,

Overall perfarmance of machine tool changes with the changing of supporting materals.
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 effectrve
way to use supporting matenals while machining work piece in a laihe.

The thesis presents the resulis of analysis and development a setup for improving surface
quality on work piece in tuming by analyzing both vibration and roughness measurement
varying cutting perameters. In this thesis various supportmg malerials has been used W

develop a setup of improving machiming performance at different condition.

621 YibmtGon Result

In this chapter and Figure: 6.4 o 6.9 shows Amplitude of vibraion velocity increases
with the increasing of spindle speed. A very promising result obtained using supporting
materials. Amplitnde of vibmtion velocity has been reduced dramslically at each
condition using supporl.

Amplitude of vibratian velocity has been ken for both with and without any support
under ool hokder, each cuiting condition was same as previous. Amphitude of vibration
found lowest el each condition for aluminum suppon than other supporis. Sequance of
increasing ampiitude for each suppont at each candition like, Aluminum < Steet <
Rubber < Plastic < Wrthout suppor.
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62.2 Roughness Resuit (R,)

In this chapter end Figure: 6.10 to 6.15 shows value of Roughness, R, {pm) decreases
with the increasing of cutting speed. A very promising result obtained using supporting
malerials Roughness value has bean reduced dramatically at sach condition using
support.

Surface roughness, R, {pm) has been mken for both with and without any supporl under
ool holder; each condition was same as previous. Surface roughness R, (pm) found
better than previous at each condition for aluminum support than other supporis.
Sequence of increasing amplitede for each support at each condition [ike,
Alumirum<Steel< Rubber<Plastic<Without support

So from ebove analyses mspection of the result showed significant changes in the
amplitude of vibralion and surface roughness by changing supporting materiaf of tool
holder. The result showed that changing the supporiing material o same condition
surface roughness on work piece and amplitude of vibration decreased more for
aluminum support than others, As amplitude of vibmtion velocity and surface roughness
varies with the supporting materials it is wise to select proper supporling matenals (o
improve performance in tummg.
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CHAPTER 7
CONCLUSION AND RECOMMENDATIONS

71 CONCLUSION

In most of the machining industmes in Bangladesh, operators don't give importance on
effect of vibmation which reduces productivity and dimensional accuracy. Because of their
ignomnce about the vibrabon ¢ffect on work-piece machning industnies are losing lo
have good surface fimish of product with dimensional precision.

The thesis is camied out fbr the purpose of analysis and development of a simple system
far improving surface quality as welt ss reducing vibration of machine 100l based on the
used of supporiing matenals under tool holder in lurning. To develop a proper system of
improving surface varous machining condition and supporting materials has been
studied.

According to the experimental resuft, alummnum support system explored in the present
work is capable of controlling the vibration occurming during the mming operation. It is
obvious that surface quality can improve and amphiude of vibration velocity can be
raduced by supporting aluminum slice under iool holders in mming.

Tt 15 clear that, the amplimde of vibration velocity in tuming can be reduced and surface
roughness can be improved by using aluminum support. As cost regarding, alommum
support can be used insiead of complex model, developad recently for reducmg machine
tool vibration in turning.
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72 RECCOMMENDATIONS FOR FUTURE WORK

Fram the above results it is clear that tool vibrations that occur in s lathe during taming
can be controited using proper supporting materials. H is clear that, reducing the machme
tool vibration using proper supporting materials is important o the economics,
dimensional precision and fotore tool design development in  reconfigurable
manufacturing. The main advantage of using support can be easily seiup under the tool
holder at the time of Fxing too! holder. No need extra time for fxing this. So, time can be
saved in this system. But the shidy is limited o the measuring amplitude of vibration
only. Today, minimization of tool vibration has become is the grealest challenge as it can
lead 10 optimized product throughpul ensuring tool integrity, surface roughness and
dimensional accumcy. Future work may include the followings:

1, It i3 necessary to examine the time domam end frequency domain data using modem

SCNSOT.

1, Vibmtion data can be analyzed by mathematical/simuolation modet.

3, A future study can be carried out to find the proper supporl analyzing alf the faclors.
Gray cast iron, compesite materials eto. can be used for this,

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

8. Work material and cutting conditions can be chenged for future study.
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