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Abstract
This paper presents a study of vibration characteristics in headstock of a lathe machine, at

different cutting parameters. These parameters are the cutting speed; the depth of cut lnq the feed rate

.The transducer were used on the heidstock in two directions, the vertical and horizontal (feed) direction,

Also for a time domain of (l0sec) in both directions. The results show that the effect of the vertical

vibrations is more significanf than the horizontal (feed) direction, for all of the cases investigated in this

paper. Unlike the veriical vibration, the horizontal vibration is lower and steadier, when the cutting speed,

ine Oepttr of cut and the feed rate are increased, Whereas the vertical vibration shows a great fluctuation

when these parameters are increased.
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Introduction
In the tuming operation, chatter or

vibration affects the result of the

machining, as a poor surface finish and

dimension inaccuracy of the machined
part .The tool life is also influenced by
vibrations, as it is influenced by the torque
and the cutting forces. Severe noise,

during the real time of cutting, frequently
occurs between the cutting tool and the

rotating work-piece. In all eutting
operations vibrations are induced, due to
the deformation of the work piece. [1].

The dimensions and the shaPe of the

machined part may also influence the tool
vibration, which is translated to the results

of machining. The Machining variables,
which modify the cutting perfonnance,

are:
1-The cutting speed (m/min), to satisff
machining objectives, like the
productivity and tooling costs.
2- The depth of cut (mm), the depth of cut

could be deep as possible, according to the

cutting operations and the conditions of

cut.
3-Feed rate
possible.
4- Use of round'nose
a better surface finish.

(mm/rev), as maximum as

tools, for achieving

S-The tools geometry particularly the rake

angle and shear angle.

6-Also, The cutting Performance is

influenced by the tYPe of cutting,

orthogonal cutting or oblique cutting.
7-The use of round nose tools or grooved

cutting edge tools.
The problems of metal cutting process

have been widely studied, but the aim of
the optimal cutting conditions has yet to

be researched. On the other hand, the

ratio between the force and vibration

amplitudes to yield a wear index and the

influence .of the cutting conditions on the

measured vibration signal for detecting

the tool wear, are also investigated t2].
Sanjanwala et al. t3l develoPed a

pneumatic sensor for on-iine measurement

for the dimensional deviation of the work
piece and other researchers [4J used an
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ultrasonic sensor for the same purpose.

The cutting operation is always affected

by vibrations, due to the variable speed of
the tool reiative to the work Piece,
influence of the cutting action and amount
of tool wear and the variable depth of cut

due to the movement of the tool [5]
Feliciano [6] presents a new machining

method that efficiently cuts overhanging

curve grooves on wall surfaces without
causing a collision between the tool and

the work piece. It also describes the

development of software for 5-axis
control grooving and the effect of applied

ultrasonic vibrations (USV) in cutting
overhanging grooves (OHG). From the

experimental results, it was found that the
new machining method, which is 6-axis

control cutting using a non-rotational tool
with the application of USV, is capable of
cutting an OHG on wall surfaces

correctly.
Chunxiang [7]The cutting speeds of the

tool, the rake angie and clearance angle

through the cycles of elliptical vibration
cutting for separating type ultrasonic
elliptical vibration cutting are defined
initially in the present Paper.
Subsequently, a theoretical model of the

thrust cutting force in ultrasonic elliptical
vibration cutting is proposed, Inspergera

[8]Analytical and exPerimentai
identifications of the chatter frequencies
in milling processes are presented. In the

case of milling, there axe several

frequency sets arising from the vibration
signals, as opposed to the single well-
defined chatter frequeney of the unstable

turning process. Frequency diagrams are

constructed analytically and attached to
the stability charts of mechanical models

of high-speed miiling.
The objective of the present work is to
study the vibration characteristics at the

headstock of the lathe machine during the

turning operation. A transducer was used

for sensing the vertical and the horizontal
(feeding) vibrations induced in the

headstock support and their change for
various cutting conditions.

Experimental SetuP
The experimental approach was carried

out in two major stages. In the first stage,

the experiments were performed on the

vertical and horizontal (feeding)

vibrations. Figure (1) shows the

experimental setup, which is used in this

stJdy. The cutting tests were performed

on a lathe machine, type (Takisawa/ TSL-
Deluxe). The work-Piece was a low
carbon steel shaft (285cm) length and

(1S.5mm) diameter and a high-speed steel

cutting tool are used for all of the

experiments. The transducer was attached

to the top in vertical direction on head

stock and horizontal (feeding) side of head

stock were support by magnetic. For the

moasurement of the vibrations in both

vertical and horizontal directions are as

shown in fig. (1). the displacement and the

velocity, in the two directions, were

measured with a vibrometer, type (HBM)
and converted to the amPiitude bY

applying the general relationship at the

maximum case.

In this study, three cutting parameters

were taken into consideration, the feed

rate (mm3/rev.), the depth of cut (mm) and

the cutting speed (m/min.), or the spindle

speed. And sharp cutting tools with the

rake equal to 5o and shear angle 26.7o .All
experiments were under dry cutting

conditions, or no coolants or lubricants are

used.
In the first experimenl, the spindle speed

is varied, while the feed rate and the depth

of cut are kept as (0.38mm/rev, 0.1mm)

respectively. In the second experiment,

thJ depth of cut is varied, while the feed

rate and the spindle speed are kept as

(0.38mm/rev, 27 0 rpm) respectively. In
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Fig (1) Experimental Setup

the third experiment, the feed rate is
varied, while the spindle speed and the

depth of cut are kept as (27A rpm, 0.lmnr)
respectively.

The second stage of our experiments is
concemed with the time response of the
vertical and feeding vibrati*ns. For
measuring the frequency, for the first ten

second operating and the lathe was

arranged at a spindle speed of (270 rPffi, o

feed rate of (0.38 mm/rev) and a depth of
cut of (0.lmm). The dimension of the
work-piece is taken the same, as for the

first stage tests" trn the forth experitnent,
the frequency and tirne response, for both
the vertical and the horizontal directions
are taken in to consideration"

Figure (2) show the vibration amplitude at

deferent speeds and in two directions' In
the horizontal (feeding) direction, the

amplitude of the vibrations in the

headstock is more steady and lower than

that of the vertical direction. Or, the

amplitude of the vibrations, in the

horizontal (feeding) direction, is not
atfected with inoease in spindle speed

(cutting speed) and it becomes nearly

fixed for ali the speeds. At changing the

direction of feeding expected to obtain

some value. Unlike the horizontal
direction, the vibration amplitude, in the

vsrtical direction, is more fluctuated and

higher than that of the feeding direction. It
increases with the increase in the spindle

speed, to trave a maximum value at about

600 rprn, and then the vibration amplitude
is decreased to its initial value, at about a

spindle of (1000 rpm.)
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Results and Discussion Figure (3) shows the variation of the

Thc- ai.rn of this paper is to study the vibration amplitude when the depth of sut

relationship betw.een the cutting is increased frorn 0.1 to 0"5mm" F{ere also,

conditions and the vrbration the amplitude of the vibration in the

characteristics 6f the headstock. Figure (3) shows the variation of the

: : -:. ::ie above experimenta! approaoh of vibration amplitude when the depth of cut
-.:.rs ',rork. the foliowing figuies can be is increased from 0.1 to 0'5mm' Here also,
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vertical direction is higher than that of the

t-eeding direction. In the feeding direction,
the increase in depth of cut does nr:t affect
the vibration amplitude, while in the

vertical direction the situation is not the

sarne; it increases with the increase in the
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Figure (4) shows the variation of the

vibration amplitude with the feed rate in
the both directions. The increase of the

feed rate leads the vibration amplitude, in
vertical direction, having a maximum
value at about (0.075mlrev), and then it is
gradually decreased. In the horizorital
direction, also the vibration amplitude is
very low and very steady.

studied. In contradiction to the results

obtained for vibration amplitude in figures
(2, 3, 4), the frequency level of the
feeding vibrations are higher than of the

vertical direction. However, in the both
directions, the resonance occurs and the
frequency level is more fluctuated for the

first 5 or 6 seconds and then decreased.
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Fig(s)Frequency and tine response m the iead

stock in t\ip dircctions

Now, in the basic discussions of the

results obtained from this research, it
could be seen that the vibrations do not
occur in the cutting depth and feed rate

direction, but in the cutting sPeed

direction (vertical direction). For the
effect of the cutting speed itself, it
increases the vibration amplitude to have a

maximum vaiue at a spindle speed of (600

rpm)
ndn (m / min)

1000
Which corresponds to a cutting speed of
(35m/min), for shaft diameter used in this

study, and then it is decreased, as in figure
(2). This rneans that the higher cutting
speed leads to lower vibration amplitude,
as it leads to a better surface finish, which
is well known in the researches of the

metal cutting operations [6]. In reality, the

increase ofthe cutting speed decreases the

major problems of cutting operations, with
preventing the occunence of the built up

edge, and decreasing the vefiical
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In figure (5), the relation-ship between the

time response and the frequencY is
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amplitude in figures (2, 3 4) and the

vibration frequency in figure (5), in the

first ten seconds, the feed and the depth of
cut act effectively to initiate the cutting

Operation on the work-piece. So, the

feiOing vibration becomes higher than the

vertical direction and when the initiation
stage is exceeded, the cutting speed acts

effectively in increasing the vibrations in

vertical direction.
Conclusion
l-In the headstock of the lathe machine,

the amplitude of the vibrations in the

vertical direction is more important, more

turbulent and higher than that of the

feeding direction.
2-The vibration amplitude in the feeding

direction is not significantly affected with
the increase of cutting speed, the depth of
cut and the feed rate, as the vibration

amplitude in the vertical direction
3-For the conditions of our experiments,

the amplitude of the vertical vibrations,

which is more effective, begins to increase

when the cutting speed exceeds the limit
of (600 rpm), wirich corresponds to a

cutting speed of (35mlmin).
4-Unlike the vibration amplitude, the

frequency level, in vertical direction, is
lower than that of the feeding direction. In

the both directions, due to the initiation

stage of cut, the frequency level seems to

be more fluctuated, for the first five or six

second.

vibrations. As a result, the surface quality

is improved, which is the main factor for
the tool life criterion in turning operations

t9]. For the comparison between the

vertical and feeding direction, it is needed

to dump or to minimize the vibrations, in
the vertical direction rather than feeding

direction. The possibility of increasing

speed acts in the positive direction for
both the surface finish and the vibration
decreasing. Fortunately, the increase of
the cutting sPeed increases the

productivity of the manufacturing
processes.

In the feeding direction, the increase in

the feed rate and the depth of cut leads to

a higher metal rernoval rate and greater

chip cross section area, as well as an

increase in the cutting forces on the rake

face ofthe tool" In fact, the feed rate and

the depth of cut do not have a
considerable effect in the feeding

direction, but when they are increased, as

in figures (1 8. 2); their influence is
combined with, or translated to the

vertical direction vibrations' So, in a more

sophisticated application, it is needed to

study the vibration characteristics of the

machine tools and normalizing the cutting
forces generated by the feed and the depth

of cut. This will be for the possibility of
increasing the cutting speeds, to obtain

lower vibration amplitude and a higher

surface finish, for each cutting operation.

For the contradiction between the

results obtained for the vibration
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