Volume : 2 | Issue : 3 | December 2012 | ISSN - 2249-555X

Enhancement of Surface Finish of Boring Operation
Using Passive Damper
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ABSTRACT JEETAS paper a creative approach of passive vibration damping is presented to absorb the vibrations created
in boring operation. Due to larger overhang, requires because of deep hole drilling vibrations generated which will affect
the surface finish of the machined surface. An impact damper concept is used to minimize the effect of vibrations and

subsequently results into good surface finish.

1.0 INTRODUCTION

A major concern in the manufacturing industry, today, is the vi-
brations induced by metal cutting, e.g.turning, milling and bor-
ing operations. The vibration problem associated with metal
cutting has considerable influence on important factors such as
productivity, production costs, etc. In particular, vibrations in in-
ternal turning operations are usually a cumbersome part of the
manufacturing process. Excessive vibrations accelerate tool wear,
because poor surface finish and may damage spindle bearings.

In internal boring, the metal-cutting processes are critical finish-
ing operations carried out in pre-drilled holes or holes in cast,
etc. The dimensions of the workpiece hole generally determine
the length and limit of the diameter or cross sectional size of the
boring bar. In this paper, a stationary boring bar is taken for study.
In boring, the long, cantilevered boring bars have inherently low
stiffness and become the weakest link in the boring bar-clamping
system of the lathe. If the static/dynamic rigidity of these can-
tilever elements is inadequate, they directly limit the attainable
accuracy, due to the easy deflection of the boring bar, even under
low magnitude cutting forces, indirectly limit accuracy, the high-
frequency micro-vibrations produce noticeable wear in the cut-
ting inserts during each cutting cycle which results in tapered sur
faces instead of the required cylindrical ones and limit machining
regimes through the generation of self-excited vibrations even at
relatively low cutting regimes when the length-to-diameter (L/D)
ratio of the boring bar exceeds 4:1[2,6].

The passive(impact) damper has the following features: (i)
small and simple in construction; (ii) easy to mount on the
main vibratory systems; and (iii) no need to adjust parameters
of an impact damper to the vibratory characteristics of the
main vibratory systems[1]. Furthermore, it was clarified that
by applying this impact damper to a drill, chatter vibration
could be suppressed effectively.

Thus, in the present study, the improvement of the damping
capability of boring tools and suppression of chatter vibration
using the impact damper were tested. In addition, the impact
damper used in this study allows a free mass to be equipped on
the outside of the main vibratory system. In the vibratory system
presented in Fig. 1, the free mass exists inside the main mass [1].
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Figure 1.1: Impact Damper[1].

2.0 PROBLEMS WITH BORING OPERATIONS:

In machining, boring is the process of enlarging a hole that has
already been drilled (or cast), by means of a single-point cutting
tool (or of a boring head containing several such tools), for ex-
ample as in boring a cannon barrel. Boring is used to achieve
greater accuracy of the diameter of a hole, and can be used to
cut a tapered hole. Boring can be viewed as the internal-diameter
counterpart to turning, which cuts external diameters

After choosing the boring bar material selects the most suit-
able clamping method for the machine in question. Stability
is the keyword to turn bores to the appropriate criteria such
as dimension tolerances and surface finish. It is essential, for
retaining satisfactory results, to clamp the cylindrical boring
bar in a split sleeve, as this will have maximum contact area.
With Easy Fix sleeves the best possible clamping is achieved
together with exact centre height positioning. Achieving cor-
rect centre height is one of the most important factors to-
wards gaining maximum benefit from the tool system used,
as the centre height affects the rake angle and cutting force
on the tool. Using screws directly in contact with the cylindri-
cal boring bar will not give satisfactory results and maximum
performance of the boring bar will not be achieved.

The determination of optimal cutting condition for speci-
fied surface roughness and accuracy of product are the key
factors in the selection of machining process. In Turning
operations, and especially boring operations, are associat-
ed with serious vibration-related problems. To reduce the
problem of vibration and ensure that the desired shape
and tolerance are achieved, extra care must be taken with
production planning and in the preparations for the ma-
chining of a work-piece. A thorough investigation of the
vibrations involved is therefore an important step toward
solving the problem.

Researchers have been done to improve cutting tool ma-
terial, tool geometry and cutting parameter to optimize
the machining process. The diameter and length of boring
bar are the most important factor has to be considering in
boring operation, following the other cutting parameter
such as cutting speed, feed rate and depth of cut. The
wrong selection of combination cutting parameter will oc-
curs the bad cutting condition e.g. vibration that effect
the poor surface finish. Different workpiece material with
different property and microstructure give different effect
to the cutting tool performance. In lathe boring operation,
we found no adequate empirical model for prediction of
surface roughness.

In boring operation, the performances of cutting tools are
depending on a few cutting conditions and parameters. The
proper selection of feed rate has direct effect to the prod-
uct surface roughness. Turning process by maximizing cut-
ting speed and depth of cut will optimize the cutting process
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and minimize the production cost. The tool life, machined
surface integrity and cutting forces are directly dependent
on cutting parameters and will determine the cutting tool
performances. The study of surface roughness form will re-
solve the characteristic and phenomena happening during
the machining process. The questions to be answered at the
end of the study are how does the boring bar tool length
and diameter influence the surface roughness during internal
turning operation?

3.0 VIBRATION AND SURFACE FINISH RELATION:

In the boring operation, vibration is a frequent problem,
which affects the result of the machining, and, in particular,
the surface finish. Tool life is also influenced by vibration.
Severe acoustic noise in the working environment frequently
occurs as a result of dynamic motion between the cutting
tool and the work piece. In all cutting operations like turning,
boring and milling, vibrations are induced due to the defor-
mation of the work-piece. This implies several disadvantages,
economical as well as environmental.

Today the standard procedure toavoid vibration during
machining is bycareful planning of the cuttingparameters.
The methods are usuallybased on experience and trial and
errorto obtain suitable cutting data for eachcutting opera-
tion involved in machininga product. Machining vibration
existsthroughout the cutting process. Whileinfluenced by
many sources, such asmachine structure, tool type, work-
material, etc., the composition of themachining vibration
is complicated.However, at least two types ofvibrations,
forced vibration and self excited vibration, were identified
as machining vibrations. Forced vibrationis a result of cer-
tain periodical forcesthat exist within the machine. The-
source of these forces can be bad geardrives, unbalanced
machine-toolcomponents, misalignment, or motorsand
pumps, etc. Self-excited vibration,which is also known as
chatter, iscaused by the interaction of the chipremoval
process and the structure of themachine tool, which results
indisturbances in the cutting zone. Chatteralways indicates
defects on themachined surface; vibration especially self-
excited vibration is associated with the machined surface
roughness [9,10].

A large number of theoretical and experimental studies
on surface roughness of machined products have been re-
viewed where cutting conditions (such as cutting speed, feed
rate, depth of cut, tool geometry, and the material proper-
ties of both the tool and work piece) significantly influence
surface finish of the machined parts. The surface roughness
can be affected by built up edge formation. The analysis of
tool vibration on surface roughness is also investigated by
some authors.

4.0 EXPERIMENTAL SETUP

Number of experiments was conducted to analyze the effect
of vibration on surface finish. Boring bar of 20 mm x 20 mm
cross-section and 200 mm long of WIDAX make is used. The
workpiece material used for study is EN9. The boring opera-
tions were carried out on CNC turning centre of ACE make.

4.1. The Boring Bar

Two identical boring bars with steel mandrels of length
200mm and diameter 20mm having removable carbide in-
serts were selected as shown in figure 4.1.

(b)

Figure 4.1: (a) Boring Bar (b) Impact damper mass
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Figure 4.2: Boring bar installation Figure 4.3: Sample workpiece

4.2. Experimental Procedure

The work piece was mounted using a pneumatic chuck in
CNC turning centre and the clamping pressure was set
as10 bar. The machining parameters like feed, depth of cut,
clamping pressure, etc. were selected based on the manu-
facturers recommendations and were kept constant for all
the samples used. Only the cutting speed,passive damper
position on boring bar and overhang length was changed.
The recommended cutting speed, feed, depth of cut, etc. is
shown in table 4.1. Boring was carried out for 105mm internal
diameter as shown in figure 4.4.

Figure 4.4: CNC turning centre

Table 4.1: Parameters

Boring too BT BT,

Overhang length L (mm) 40 80 120
Impact Damper position Vertical |Horizontal
Clearance CL (mm) 0.4

Spindle rotation N (rpm) 80 160 240
Feed rate S (mm/min) 0.9

Depth of cut t (mm) 0.6

5.0 RESULTS

The figure 5.1 shows the experimental arrangement used to
measure the surface roughness of bored parts. A Mitutoyo
SJ-201P apparatus was used. The profilometer technique
used in this study is common in most machine shops. For
each specimen three readings were taken at approximately
600 angles and the average value was found out.

Figure5.1. Surface Roughness Tester
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Table 5.2Surface Roughness or Ra value (um): Overhang

Length= 40mm.
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6.0 CONCLUSION
An innovative method is proposed to reduce tool chatter is

) ) and enhance surface finish in boring operation. The results

Speed Job |Vertical Job |Horizontal prove the particle damping technique has vast potential in

No. ptl o p2 |3 No. pl 2 |p3 the reduction of tool chatter. Also the suppression in tool

chatter by using impact damper boring bars is very signifi-

240 6 |2.37 |2.39 |251 |23 |2.76 |2.79 |2.73 cant. Boring bars with impact damping are also relatively

cheaper than other damped boring bars. It is therefore con-

160 4 270 261 [265 |15 |2.96 |2.78 |2.94 cludéod that impact damging has a good effect in improving
80 7 13.16 |3.30 |3.28 [14 |3.29 |3.46 |3.31 surface finish in boring operation.
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