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ABSTRACT: Internal machining processes, such as boring operation are challenged by inherent tool vibrations. These 

vibrations can be damped to considerable extent employing suitable arrangement to dissipate part of strain energy. The 

present research has used a set of metal laminates at the tool and tool holder interface. The arrangement which 

promotes frictional energy dissipation has resulted in improvement of machinability, measured in terms of Chip 

reduction Coefficient. 
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I. INTRODUCTION 

 
Internal machining processes need be performed in many parts that arrive at production floors. The parts usually are 

drilled to a nearer diameter and accurate dimensions are obtained using boring. Though there are dedicated boring 

machines in heavy industries most of the job shops do rely on lathe machines to carry out the required boring 

operations. Achievable surface finish of the internal surfaces, though a much desirable property, is usually limited 

owing to inherent structural characteristic of a boring tool. The cantilevered structure of the boring bar is usually 

susceptible to vibrations at the free end that is the insert end especially in horizontally operated machine tools. These 

vibrations unless damped out, can produce detrimental effects including poor surface quality and reduced tool life. The 

least controlled vibrations come from dynamic instability of the cutting process. These are referred to as self excited 

vibrations or chatter. These arise out of dynamic interaction between the cutting process and the machine tool structure. 

Self-excited vibrations known as chatter become increasingly problematic in boring due to the tool overhang. 

Generally, the rate of material removal is reduced to maintain stability, but this causes a substantial decrease in 

productivity. Boring bars for single-point turning on a lathe are particularly susceptible to chatter and have been the 

subject of numerous studies.  

 

Adopting passive, active and semi-active vibration control solution, several strategies have been developed and 

exploited to mitigate the chatter. Seifring [1] was awarded a patent for damping using a sandwich of multiple layers of 

steel and viscoelastic solid material alternately. Patent for a similar device was awarded to Hopkins [2] and assigned to 

Valeron Corporation. Sexton et al [3] demonstrated possible modulation of cutting speed to enhance stability. 

Thompson [4] was awarded patent for a system that detects the lobe precision angle and adjusts the feed in turning 

operation to maintain stability. Nachtigal [5] patented an apparatus using an updated synthesis circuit which sensed the 

cutting tool motion to interpret and actuate essential cutting forces to suppress chatter. The two DOF dynamic vibration 

absorber system was analyzed by Hartog [6]. Later Tewani et al [7] analyzed the model with added functionality. The 

active control scheme proposed by Tewani et al [8] and the device they patented uses a piezoelectric reaction mass 

actuator mounted inside a boring bar. Stability of the system was achieved even at length to diameter ratio of 9. Rivin 

et al [9] achieved an increased stability by using layers of viscoelastic materials in a redesigned tool holder for added 

stiffness and damping. Matsubara et al [10] used an active piezoelectric damper for a boring bar. Ema et al [11] 

demonstrated improvement of damping capability of boring tools using impact dampers. Weck et al [12] placed roller 

bearings in a hydrostatic arrangement as passive damping elements in the tool holding fixture to optimize dynamic 
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behaviour of the spindle tool system. External magnetic field used changes the stiffness of the MR fluid. Wang and Fei 

[13-16] used electrorrheological fluid to control the stiffness of the boring bar.  Multiple tuned mass dampers have been 

designed and optimally tuned by Yang et al [17] to increase the chatter resistance. Yong et al [18] proposed an active 

and adaptive vibration control system to automatically detect sinusoidal vibration parameters in a cantilever beam and 

generate a control signal to cancel the vibration. L. Andren et.al [19] measured boring bar vibrations in direction of 

cutting speed and cutting depth with accelerometers. They inferred the vibrations to be influenced by non-stationary 

parameters not in operator’s control.  

 

Researches carried out by Nanda et al [20,21] display that structural damping is induced when layering is used in 

beams. The bolt spacing, tightening torque, number of layers affect the damping to significant extent. This motivated 

the present work to undertake research on laminated tool clamping device and investigate the machining performance 

in boring. Because of laminated layers, friction will be prevalent. Since friction accounts for a non-recoverable strain 

energy, the damping of the system is expected to improve. It is expected to give rise to better machining performance. 

The present work has considered chip reduction coefficient to be the machining performance measure. 

 

Chip reduction coefficient is one of the important machining performance indices. Decreasing chip reduction 

coefficient indicates improvement in cutting tool life, surface finish and the energy required for machining. The effect 

of clamping parameters on the chip reduction coefficient has been investigated.  

Methodology 

 

II. MATERIALS AND METHOD 

 
The experiments to determine the chip reduction coefficient under varying cutting conditions were conducted using the 

High Precision Lathe machine NH 22 in dry condition. The ambience conditions were controlled since the operations 

were carried out in an air conditioned environment.  The experiments were conducted at different cutting speeds using 

1-6 layers of packing sheets at the tool-tool holder interface made up of different materials (Fig1). The equipment and 

instruments used in the investigation included boring tool, tool holder, torque wrench, packing sheets and a digital 

calliper besides the lathe machine. Chip reduction coefficient was measured for each of the experiment conducted after 

collecting the chips (Fig 2). The chip thickness has been computed as average of three measurements done to evaluate 

the chip thickness after each machining operation. The chip reduction coefficient has been obtained by taking the ratio 

of the chip thickness to uncut chip thickness that is the feed since the process can be considered orthogonal. During all 

experiments feed, depth of cut, the tightening torque at the tool, work-piece material and tool parameters have been 

maintained same. 

 

 
Fig 1 : Tool support sheets of different material 
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Fig 2: Types of metal chips obtained after boring 

 

III. RESULTS AND DISCUSSION 

 
Variation of Chip reduction coefficient with respect to number of packing layers: 

Figure 3 to Figure 7 illustrate the variation of chip reduction coefficient while varying the number of packing layers at 

the tool support from one to six. The scattered line diagrams have been plotted at different cutting speeds. Figure 3 to 7 

depict the variation using GI, Copper, Aluminium, Brass and MS support sheets respectively. The patterns observed in 

the variation pattern clearly exhibit a reducing trend in the chip reduction coefficient with increase in number of layers 

of the packing sheets at the tool support. Also using linear trend line fitting a reducing slope in general at increasing 

cutting speed can be seen. The general pattern in all cases using different packing materials implicates a reduction in 

chip reduction coefficient while increasing the number of layers of packing sheets. 

 

Well established theories point out that the reduction in chip reduction coefficient indicates less thickening of the chips. 

Since the shearing stress value of the work piece at normal cutting conditions do not vary much, lower thickening leads 

to imply a lower cutting force or lower power consumption. The experiments thus yield that; by increasing the number 

of layers of packing materials one can obtain a lower cutting force. The decreasing rate is obtained from the slopes of 

the linear trend lines associated with each of the curve. Since the slopes gradually change from -0.478 to -0.271, the 

effect can be observed to be highly predominant at lower cutting speeds.  

 

Boring bars present cantilevered structure, which on impact with the work piece surface, gets induced with vibrations. 

Unless damped, the amplitude set at the tool tip is considerable and thus resulting in a contact with non-uniform 

pressure at the contact surface. Since the pressure is non uniform there always is a probability of periodic impact loads 

by the tool on the work piece and resulting in higher tool wear thus necessitating higher cutting force. By using the 

number of layers the attempts to damp the vibrations have been successful in reducing cutting force. 

 

Chip reduction coefficient was measured for each of the experiment conducted. The chip thickness has been computed 

as average of three measurements done to evaluate the chip thickness after each machining operation. The chip 

eduction coefficient has been obtained by taking the ratio of the chip thickness to uncut chip thickness that 

 

 
 

Figure 3: Chip reduction coefficient vs cutting speed at different number of layers of GI packing sheets 
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Figure 4: Chip reduction coefficient vs cutting speed at different number of layers of Copper packing sheets 

 

 
 

Figure 5: Chip reduction coefficient vs cutting speed at different number of layers of Aluminium packing sheets 

 

 
 

Figure 6: Chip reduction coefficient vs cutting speed at different number of layers of Brass packing sheets 
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Figure 7: Chip reduction coefficient vs cutting speed at different number of layers of MS packing sheets 

 
Variation of Chip reduction coefficient with respect to cutting speed 

Figure 8 to Figure 12 illustrate the variation of chip reduction coefficient while varying the cutting speed. Chip 

reduction coefficient is an index to reflect the degree of deformation associated in which the thickness of the chip 

increases and length shrinks. There have been numerous research articles which have clearly depicted a reduction in 

chip reduction coefficient with respect to cutting speed and the similar pattern is observed in these experimentations 

too. Lower chip reduction coefficient is being observed when six numbers of layers of packing material is being used. 

This is noted for all the range of cutting speeds and materials used as packing sheets. 

 

Since the tool materials, geometrical parameters and the cutting environment are kept same during all the 

experimentation the effects on chip reduction coefficient are primarily due to cutting tool deflection owing to vibrations 

induced at cutting tool tip. Since with increase in number of layers of packing material sheet a reduction in chip 

reduction coefficient is clearly visible, we must accept the significant effect that the number of layers are having.  

 

 

 
 

Figure 8: Chip reduction coefficient vs cutting speed using 1 layer of packing sheet made up of different material 
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Figure 9: Chip reduction coefficient vs cutting speed using 2 layers of packing sheet made up of different material 

 

 
 

Figure 10: Chip reduction coefficient vs cutting speed using 3 layers of packing sheet made up of different material 

 

 
 

Figure 11: Chip reduction coefficient vs cutting speed using 4 layers of packing sheet made up of different material 
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Figure 12: Chip reduction coefficient vs cutting speed using 5 layers of packing sheet made up of different material 

 
Significance Testing 

 

Analysis of variance is a powerful statistical tool to determine the significance level of a variable. In order to predict 

whether the cutting speed, number of layers and the material of packing sheets have significant effect on chip reduction 

coefficient or not, a two factor ANOVA without replication has been carried out using Add ins features of MS Excel. 

The first test has been carried out to check the significance of cutting speed and number of layers. The second ANOVA 

has been carried out to test significance of material of the packing sheets. As the test results indicate it becomes evident 

that all three factors including cutting speed, number of layers of packing sheets and the material of the packing sheet 

have significant effect on the chip reduction coefficient. 

 

IV. CONCLUSION 

 
Chip reduction coefficient decreases with increase in number of layers of packing materials. This indicates presence of 

favourable conditions, when number of layers of packing sheets is increased in the laminated clamping device. It also 

indicates low power consumption. 

 

No single material can be sorted out which shall be responsible for reducing the chip reduction coefficient. 

 

Cutting speed, number of layers of the packing sheets in the laminated clamping device and the material of the packing 

sheet contribute significantly to the chip reduction coefficient. The contribution of the material is found to be least 

significant. 
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