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Abstract: - A major apprehension in manufacturing industry is the tool vibration, which has considerable
influence on productivity and production costs. The present investigation aims at developing impact mass
for suppressing tool vibration and promoting better cutting performance during turning of hardened
AISI4340 steel using hard metal insert with sculptured rake face. An impact mass used in this study
consists of a concentrated mass made of brass of predetermined size and shape mounted on the shank of
tool at a specific location. Impact mass was designed and the location of the damper on the tool shank for
achieving effective damping was determined using computational analysis. When the damping mass was
mounted on the tool shank, its vibration characteristics got altered and provided an inherent damping
capability to the tool holder for suppressing tool vibration. Cutting experiments were conducted to study
the influence of Impact mass on tool vibration and cutting performance during hard turning. From the
results it was observed that the use of impact mass on tool shank reduces tool vibration and improves the
cutting performance effectively.

Keywords: - tool vibration, Impact mass, hard turning, Damping ratio, Surface roughness, tool wear,

cutting force.

1. INTRODUCTION

Steel components that require high hardness as
functional requirement are usually turned in the soft
state, heat treated to the required hardness and then
finish ground to the final dimension. This process
cycle can be eliminated if the components could be
directly machined to the final dimensions in the
hardened state. This is possible by hard turning
which replace the traditional process cycle of
turning, heat treating, and finish grinding for
assembly of hard wear resistant steel parts [1]. Hard
turning can facilitate low process cost, low process
time, better surface quality, and lower waste. In hard
turning, the presence of tool vibration is a major
issue and it leads to poor surface finish, cutting tool
damage, increase the tool wear and production of
irritating unacceptable noise [2]. Tool vibration is a
dynamic instability of entire machining system,
which is a result of interaction between metal cutting
process and the dynamics of machine tool. In hard
turning, tool wear and surface finish are considered
as important parameters to evaluate the productivity
of the machine tools as well as machined
components [3]. Hard turning necessitates ultra hard
cutting tools and extremely rigid machine tools [4].

Ultra hard cutting tools may be procured at a
heightened cost. But the existing machine tool may
not be rigid enough to support hard turning. Instead
of going for a hard turning machine which is
exceedingly costly, the cutting tool may be made
more stiff and the scheme of using such damper can
be successfully tried in such situations. In order to
suppress tool vibration and to improve -cutting
performance, many types of dampers have been used
in the past. Among the various types, impact
damper, viscous damper and frictional damper are
considered to be the most effective. Visco-elastic
dampers have been used successfully along with
boring and turning tools to suppress tool vibration
[5], [6]. It is reported that Impact dampers can be
used effectively for attenuation of tool vibration
during metal cutting [7]. Also Vibration damping
with impact dampers has been used in a wide variety
of applications including television aerials [8§],
turbine blades [9], [10], structures[11], plates [12],
tubing and shafts [13,14,15]. The advantages of
impact dampers over traditional damping devices are
that impact dampers are inexpensive, have simple
designs that provide effective damping performance
over a range of accelerations and frequencies [16],
[17]. In addition, impact dampers are robust and
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operate in environments that are too harsh for other
traditional damping methods [18].

Ema and Maruti [19], [20] developed an impact
damper that consisted of a free mass in the form of a
ring with a hole at the centre slightly greater than the
diameter of the drill. From the results it was
observed that impact damper reduces tool vibration
effectively. Ramesh and Alwarsamy(2012)>"
suggested that, in impact damper, materials having
high density produce more inertial mass which leads
to better reduction in tool vibration. Sathish kumar et
al.,, (2012) [22] developed a chatter suppression
method based on particle damping technique to
reduce chatter in boring tool and to improve surface
finish. Metal powder granules (copper and lead)
were filled into the boring tool through a hole drilled
at the rear of the boring tool. It was observed that
there was about 40% improvement in the surface
finish when granules of copper with a size of
4.75mm were used to fill the hole in the boring bar.

Above mentioned studies indicate that the use of
Impact damper has proved to be effective for
different machining operation. Also from the
literature it was observed that the concept of impact
damper has not been applied in turning of hardened
steel. In the present investigation, it is planned to
develop an Impact damper and to study the effect of
Impact mass on tool vibration, cutting force, surface
roughness, tool wear using computational and
experimental methods during hard turning of
AISI4340 steel of 46 HRC using hard metal insert
with sculptured rake face. When Impact mass was
attached to the tool holder, there will be mutual
impact interaction between the tool holder and the
impact mass. This results in the absorption of the
vibratory energy which further leads to reduction in
amplitude of tool vibration. The size of the damping
mass was determined by arithmetic analysis and
computational analysis using ANSYS software was
performed to arrive at a suitable location of the
damper on the tool shank for achieving effective
damping. Also cutting experiments were conducted
to study the effect of impact mass during turning of
AISI4340 steel of 46 HRC using hard metal insert
with sculptured rake face. The Impact mass
developed appears to hold promise as a means to
suppress tool vibration and to improve the cutting
performance.

2. SELECTION OF TOOL AND WORK
MATERIAL

The tool holder used had the specification
PSBNR 2525 M12. Multicoated hard metal inserts
with sculptured rake face geometry with the
specification SNMG 120408 MT TT5100 from

M/s.Taegu Tec were used in the present study. The
work piece material was AISI 4340 steel which was
hardened to 46 HRC by heat treatment. It is general
purpose steel having a wide range of application in
automobile and allied industries by virtue of its good
hardenability enabling it to be used in fairly large
sections[23]. Bars of 80mm diameter and 360 mm
length were used in the present investigation. The
chemical composition of AISI 4340 steel in weight
percent is 0.41% C, 0.87% Mn, 0.28% Si, 1.83% Ni,
0.72% Cr ,0.20% Mo and rest Fe[24].

3. DESIGN OF IMPACT MASS

An Impact mass consists of a concentrated mass
of predetermined size and shape mounted on the
shank of tool at a specific location. From the
literature it was observed that good damping will be
achieved if the mass ratio of the damper with
reference to the mass of the tool shank is 0.1 or
greater than 0.1[25]. In this investigation, mass of
the tool was found to be 700 grams and hence the
mass of the damper was fixed as 70 grams. Brass
was selected as the material for making the damper.
Considering the size of the tool shank and the ease
of mounting on the tool shank, the length and the
breadth of the damper was fixed as 25 mm and 25
mm respectively. Using arithmetic operation, the
height of damping mass was calculated as13 mm.
Even though maximum displacement occurs at the
tip of the tool holder, the overhang for the tool was
fixed as 50mm taking into consideration the size of
the work piece, profile of the tool holder, geometry
constrain of insert and the comfort of tool and work
handling [26]. Tool holder along with impact mass
was modeled and analyzed using ANSYS software
to identify the best location for the impact mass.
Figurel presents the photograph of the Impact mass.

Figure 1. Photograph of the impact mass

3.1 Geometric Model

The tool Holder which consists of parts namely
tool shank, insert, and shim was modeled using
ANSYS software. The properties of the materials
used for the construction of the tool holder are
specified in Table 1 and the different location of
Impact mass on tool holder is shown in Figure2.
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Figure 2. Geometric model of PSBNR 2525 M12 tool holder with impact mass on different locations

Using ANSYS software, tool holder with impact
mass on top, left and right location was modeled
separately.

Table 1. Material properties of tool holder

Young's

tl\llltnll’ilrt()f Material gfgl;:rln?), MOdlzllllS P];(;st?(l)on s
(N/m")

Tool

Shank Steel 7850 2.09E+11 0.33

and shim

Insert Tungsten 5000 5.50E+11 0.29
Carbide

Damper Brass 8450 0.97E+11 0.3

3.2 Meshing and Grid Independence Study

Geometry of the tool holder with and without
damper was meshed using 3D Solid 185 element
which is an 8 noded higher order element. The
number of elements to be chosen for idealization
depends on the accuracy desired. Although an
increase in the number of elements generally means
more accurate results, for any given problem there
will be a certain number of elements beyond which
the accuracy cannot be improved significantly by
increasing the grid size. The limiting grid size was
arrived at through a grid independence study. The
number of elements was increased gradually and the
tool deflection was determined in each case. At a
particular grid size the deflection was found to be
constant and further increase in grid size did not
yield any change in the tool deflection. As presented
in Figure 3, the deflection does not change beyond
0.0257 mm and the number of elements was found
to be 725341 at 22 number of divisions. Moreover,
the use of 725341 elements involves large number of
degrees of freedom. It was not possible to store the
resulting matrices in the available computer
memory. Hence it was decided to use 19 divisions
having total number of 326867 elements for the
analysis.

Grid Independence study

0.029

002565 002567 00257

0.025
0021

0.017

Deflection,mm

0013

0.009
92413

108234

213457 326867
Number of elements

526734 725341

Figure3. Determination of optimum grid size

3.3 Static Analysis

After fixing the grid size the maximum tool
deflection in the Y direction was determined with
the impact mass placed at three locations on the tool
holder, namely on the top of the holder ,on the left
and on the right as shown in Figure3 and the
corresponding deflections are shown in Table2 and
Figure4.

Table 2. Maximum tool deflection (in the Y-direction)
when the Impact mass was placed at different locations on
the tool holder (tool overhang = 50mm)

Location of  without  Impact Impact Impact
impact Impact  damper damperon damper
damper/mass damper  on top right on left
Maximum
deflection in
the Y 0.02580 0.00733  0.06883  0.04725
direction
(mm)
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Figure 4. Deflections of the tool with and without Impact mass

From Figure 4 and Table 2, it was observed that
the tool deflection was minimum when the Impact
mass was located on the top of the tool holder. When
the tool holder was undamped, the maximum
deflection was found to be 0.02580mm where as the
deflection of the tool holder with impact mass
located on the top of the tool holder was calculated
as 0.00733mm and the impact mass on the right and
left was found to be 0.06883mm and 0.04725mm
respectively. When the Impact mass is attached to
the top of the tool holder, the strength and stability
of the tool holder will increase and withstand more
vertical load. When a vertical load of 400N was
applied at the tip of the tool holder, tool holder with
impact mass absorbs vibrational energy together and
decreases the vertical deflection. But when impact
mass is attached to left or right side of the tool
holder, the stability of the tool holder will be altered
and when a load of 400N was applied at the tool
holder, this unstable condition will reduce the
vibration absorption ability and also reduce the
tendency to withstand normal load which leads to
marginal rise in deflection.

3.4 Modal Analysis

Modal analysis is used for analyzing the
dynamic response of structures. A system will
collapse if the frequency of excitation reaches its

natural frequency. In order to avoid this catastrophic
failure, the system should be used in a frequency
range below its natural frequency. Modal analysis
facilitates determination of the natural frequency of
the system. The modal analysis was carried out for
the tool without damper and with damper and the
natural frequency of the tool holder for different
locations of damper are shown in Table3 and
Figure5. The natural frequency obtained was
756.502 Hz at 50 mm overhang with mass located
on the top of the tool holder and was 821 Hz for the
tool holder without impact mass. This decrease in
natural frequency shows that the rigidity and
strength of the tool holder was improved.

Table 3. Natural Frequency of the tool holder when the
damper mass was kept at different locations

Natural Frequency of the tool holder (Hz)
(tool overhang =50mm)

without damper Damper/ on
mass top

damper on damper on
right left

821.061 756.502 762.469 760.828

RJAV vol Xl issue 2/2014

157

ISSN 1584-7284



1 1
DISPLACEMENT AN SRYE!' DISPLACEMENT AN S,XES
SIEP=1 FEB 20 2014 STER-L FEB 20 2014
5B =5 11:38:51 S0 =5 11:10:37
FREQ=162.469 FREQ=760,828
DMK =4.8791 MR =3.91375
b _L ,,,,, e =
AVAVANI NN VAV -
T “4"— 3
N S
L e e
@’ ﬁmvvw 3 A
Wz - 5
B 1
prm— ANSYS| | cne ANSYS)
g e P et
FREQ=756.502 FREQ=821.061
DMX =5.44174 DM =4.74772

Figure 5. Modal analysis for the tool with and without damper/mass

3.5 Harmonic Analysis

Any sustained cyclic load will produce a
sustained cyclic response in a structural system.
Harmonic response analysis can be used to predict
the dynamic behavior of structures, that can be used
to verify whether the designs will successfully
overcome resonance, fatigue, and other harmful
effects of forced vibrations. In this study, a main
cutting force of 400 N was assumed on the tip of the
tool and the value of forced frequency was
determined. Harmonic analysis was carried out for
conditions when the damper was located on the
holder and when the tool was without the damper for
the same cutting force of 400N. The plot obtained
from ANSYS software for harmonic analysis with
and without impact mass is shown in Figure 6 and 7
respectively.

To estimate damping ratio from ANSYS
harmonic analysis plot, half-power bandwidth
method was used in this investigation. According to
this method, natural frequency (wn) values
corresponding to peak in amplitude are identified
from harmonic analysis plot for the tool holder with
and without Impact mass. Also at 3 dB down from

the peak, two frequency values (ol and ©2)
corresponding to half power point are identified
separately from the Figure 6 and 7. Damping ratio
(1) values for the tool holder with and without
Impact mass was calculated from the harmonic
analysis plot using equation (1) and the values are
tabulated in Table 4.

Wz —Wy
T=—- (1)
2wp

1
POST26 ANSRTJ-SS
RMPLITUDE FEB 21 2014
w2 15:04:23

a

o8

o7

.06

VALY o5,

Los

.0

o L/ }

—
" J‘ "1 L et
TAI
o
o 200 00 e ™ 1000
100 a0 500 700 200
FREQ

Figure 6. Harmonic analysis plot
for the tool holder with mass
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Figure7. Harmonic analysis plot for the tool holder
without mass

Table 4. Damping ratio for tool holder with and without

the mass
®, ®, o, Damping
Tool Holder (Hz) (Hz) (Hz) ratio
Wlthout 208 219 214 0.0257
impact mass
With impact 180 196 187 0.0428
mass

It was observed that the damping ratio was
0.0428 when the mass was kept on the top of the
holder and when the tool holder was used without
the mass the damping ratio was 0.0257. Hence it was
decided to keep the mass on the top of the tool to
achieve better damping.

4. EXPERIMENTAL ANALYSIS

Variable feed and speed tests were conducted to
study the influence of Impact damper on tool
vibration and cutting performance during hard
turning with minimal fluid application. Cutting
experiments were carried out on a Kirloskar Turn
Master-35 lathe .The operating parameters and the
fluid application parameters during the variable
speed and variable feed test are summarized in
Table5.The experiments were carried out with two
replications and each experiment lasted for
2minutes. The operating parameters and the fluid
application parameters were selected based on the
results of preliminary work carried out. The
composition of cutting fluid was kept at 10% oil and
the rest water during the cutting experiments. Impact
mass was rigidly connected to the tool holder using
clamping mechanism and the location of the impact
mass on the tool holder is shown in Figure 8. Since
the availability of space in the selected tool holder
was limited, tool overhang length of 50mm was
chosen and the impact mass was rigidly connected to
the tool holder instead of having relative movement
between two masses. Due to machining constraint,
geometry of tool holder and location of measuring
sensor on tool holder, the tool overhanging length
cannot be reduced less than 50mm. This optimal
overhanging length of 50mm will be subjected to
vibration when machining hardened material.

N

Figure 8. Location of impact mass on the top of tool holder
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Table 5. Experimental Conditions for variable speed and

surface roughness Ra was measured using Mahr
TR100 surface roughness tester of type MarSurf GD
25. Amplitude of tool vibration was measured using
a piezoelectric-type vibrometer where the pickup of

the vibrometer was mounted at the top of the tool
holder near to tool tip.

5. RESULTS AND DISCUSSION

The observations during the variable feed and

speed test are summarized in Table 6 and Table.7
respectively.

feed test
Parameters Variable Variable
speed test feed test
Cutting velocity 80,100 100
(m/min.) and120
Feed rate (mm/rev.) 0.12 0.08,0.1and
0.12
Depth of cut (mm) 1.2 1.2
Pressure at fluid
applicator (bar) 80 80
Frequency of pulsing 500 500

Figures 9 and 10 present a comparison of
amplitude of tool vibration with and without the

The main cutting force, average flank wear VBB,
amplitude of tool vibration and surface roughness Ra
were measured during each experiment. The main
cutting force was measured using a Kistler tool force
dynamometer. Average flank wear was measured
using a Tool makers’ microscope (Metzer make)
with the least count of 0.005 mm and average

Table 6 Observations during variable feed test

impact damper during the variable feed test and
variable speed test respectively. A  similar
comparison of tool wear is presented in Figures 11
and 12, main cutting force is presented in 13 and 14
and surface roughness is presented in Figures 15
and 16.

Amplitude of Tool Surface Main Cutting force
. . roughness Tool wear(mm)
Vibration (mm) ™)
(wm)
: : : :
- = = =]
mrey) T2 £ FEZ B X E  EZ &
s E S s £ S s £ S s E S
EE: £ =3 £ R £ E 3 £
g g g g
0.08 0.128 0.019 2.23 2.00 0.045 0.04 29 27
0.10 0.169 0.040 2.77 2.38 0.050 0.05 34 32
0.12 0.194 0.097 2.99 2.54 0.070 0.06 38 37
Table 7 Observations during variable speed test
Amplitude of Tool Surface .
Vibration (mm) roughness(um) Tool wear(mm) Cutting force (N)
Speed - [ - S - S - S
(m/min) 22 =8 E& =& 32& =% 2 = &
£ E g E £ E 2 E £ E s E £ E € E
.- N “ .- N “ .- “ N .- “ “
= = z© = s T = s < =
80 0.290 0.097 1.240 1.235 0.07 0.07 28 23
100 0.258 0.080 1.235 1.228 0.06 0.05 27 22
120 0.208 0.060 1.229 1.219 0.05 0.05 26 21
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Figure9 Comparison of tool vibration during variable
feed test
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Figurel4. Comparison of cutting force during variable
speed test
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Figurel0 Comparison of tool vibration during variable
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Figurell. Comparison of tool wear during variable feed
test
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Figurel2. Comparison of tool wear during variable speed
test
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Figurel3. Comparison of cutting force during variable
feed test
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Figurel5. Comparison of surface roughness during
variable feed test
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Figurel6. Comparison of surface roughness during
variable speed test

From Figures 9 and 10, it can be seen that there is
considerable reduction in the tool vibration when the
impact mass was kept on the critical location as
decided by finite element analysis. When the impact
mass was kept in position, the mass of the system
increases while the input force remains unaltered.
When the mass of the system is increased while the
input force remains constant, acceleration (vibration
response) decreases because force=mass x
acceleration. Also there will be mutual impact
interaction between the tool holder and the impact
damper. This collision results in the absorption of
the vibratory energy and as a result the amplitude of
vibration comes down [20].This leads to the stability
of the system which is an essential condition to
ensure good cutting performance especially during
turning of hardened steel[27].

The surface finish of a machined surface depends
on the rigidity of the cutting tool. When the tool
vibration reduces, the bouncing of the tool in and out
of the work piece decreases and there will be a
reduction in the irregularities of the surface which
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will result in better surface finish. More the rigidity
more will be the surface finish [28] and a highly
finished surface limits the risk of crack initiation and
subsequent failure of the machined surface [29].1t is
observed that there is an improvement in surface
finish (Fig. 15 and16), reduction in tool wear (Fig.
I1and 12) and decrease in main cutting force (Fig.
13 and 14) when the impact damper was mounted on
the tool which is attributed to enhanced rigidity
imparted by the impact damper. Apart from the type
of tool, composition of work material and cutting
conditions, tool wear depends on and the rigidity of
the tooling system also [30].The presence of impact
damper enhances the rigidity of the tooling system
and reduces tool wear as is evident from Figures (11
and 12).

5.1 Confirmatory results and comparison with
conventional turning

Confirmatory experiments were conducted with
the input parameters kept at levels as indicated in
Table 5 and the performance was compared with
cutting performance during conventional turning
without Impact mass. Comparison of cutting
performance for the two cases is presented in
Table 8.

Table 8. Confirmatory results and comparison with
conventional turning
With

Without %
Parameters Impact .
Impact mass reduction
mass
Amplitude of tool - 19 0.192 51.04
vibration, mm
Main Cutting 36.2 38.7 6.45
Force, N
Surface roughness 250 293 14
Ra (mm)
Tool wear,
VB, (mm) 0.063 0.071 11.26

From Table 8, it is observed that there is a
definite advantage for turning with Impact mass
when compared to conventional turning. When the
set of levels of parameters for optimum performance
were used, there was 51.04% reduction in tool
vibration, 6.45% reduction in main cutting force, 14
% reduction in surface roughness and 11.26%
reduction in tool wear when the tool holder was
attached with an impact mass during hard turning
with minimal fluid application when compared to a
conventional turning scheme without Impact mass.

6. CONCLUSION

In the present investigation, Impact mass was
designed, developed and tested to study the effect of

such system in tool wear, surface finish, tool
vibration and cutting force during hard turning.
Variable feed and variable speed tests were
conducted to study the influence of Impact damper.
The cutting performance values obtained using
Impact mass was compared with the cutting
performance during conventional minimal fluid
application without Impact mass. From the present
study, the following conclusions were drawn:

1) Impact mass can suppress tool vibration,
improves surface finish and promote cutting
performance effectively during hard turning.

2) For achieving better cutting performance like
reduction in tool wear, cutting force, tool vibration,
and improvement in surface finish etc., the impact
mass has to be kept on the top of the tool holder.

3) This scheme of providing damping is simple in
construction, robust and comparatively less
expensive. It can operate in environments that are
too harsh for other traditional damping techniques.
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