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ABSTRACT 
Tool vibration is a frequent problem in the manufacturing industry where metal cutting operations take place. It affects the surface 
finish of the workpiece, tool life and produces irritating noise. The main objective of this work is to reduce the chatter by its design 
can be enhanced. In order to improve stiffness and damping capability of a boring tool, an impact damper is provided. In this 
investigation, improvement of the damping capability of tool and suppression of chatter is obtained with different types of 
damping materials based on their availability, strength, density, Young’s modulus, thermal conductivity, poison’s ratio. The 
material having high density produces more inertial mass which is used to suppress the chatter in boring operation. The present 
study involves analyzing turning tool holder using ANSYS 12.0.1 software with and without damping effects. Results showed that 
the damper application reduces the possibility of chatter and improves the stability of boring operation. 
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INTRODUCTION 
 

The objective of this work to designed damped tool holder for existing machine tools with the investigation 

of Modal Analysis in the stability of Boring tool using double impact damper Model Development results in 

increased in stiffness and damping capability of the boring tool. The Investigation is done with the improvement 

of the damping capability and suppression in chatter vibration using different damping materials like Copper, 

Brass, Cast Iron, Structured Steel (EN8), Gunmetal, Phosphor, Bronze and Aluminum. It is suggested for 

damping material in the suppression of chatter vibration of boring operation from the results. ANSYS software 

is used for performing finite element analysis in tool with and without the damper. Natural frequency from the 

modal analysis of boring tool with damper is found to be improved. After a comparative study, the better 

damping material is suggested. 

In any machine structure due to dynamic motion of the vibration is inherently present. Minimizing the 

effects of vibration for satisfactory performance of any system is the great task in front of any design engineer. 

The structure or substructure present in any system which is not firmly supported or a very little chance to 

support completely is prone to expose to the vibration which will deteriorate its performance. The cantilever 

type structures are falls under this category. Many researchers are working to develop a support system or 

damping devices which can alleviate the causes of vibration and helps to improve the performance. 
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Boring: 

Boring is the process of enlarging the hole that has already been (or cast) by means of single point cutting 

tool (or of boring head containing several such tools), such as in boring a gun barrel or engine cylinder. Boring 

bars, also called a lathe boring bar, are cutting tools used for creating bores in workpieces. They are defined by 

various dimensions, the material they are made from, and the material they can be used with Common 

dimensions include for hole diameter and shank diameter. Boring is a method used in many aspects of building. 

Workers have used boring as a form of drilling. For furniture works, the boring tool is static in size and used to 

form circular plunge cuts.  

In lathe operations, boring is used in two methods: 1) Boring tool bar with cutter bit on the toolpost and 

revolving the workpiece and mounting the holder. 2) Arrest the workpiece in a fixed position to the carriage and 

rotating the boring bar and cutter bit in a chunk attached to the headstock spindle.  

 

Vibration Basics:  

Oscillation is the repetitive variation, typically in time, of some measure about a central value (often a point 

of equilibrium) or between two or more different states. The term vibration is used to debe mechanical 

oscillation. Mechanical systems are prone to vibrate if they can store energy in two different forms, usually 

potential and kinetic, in a way that energy can flow from one form to the other. If a system, after an initial 

disturbance, is left to vibrate on its own, the ensuring vibration is known as free vibration. If a system is under 

an external force (often, a repeated type of force), then the occurred vibration is called as forced vibration. A 

vibratory system is a dynamic system for which the variables such as the excitations (inputs) and responses 

(outputs) are time dependent. The maximum displacement of vibrating body from its equilibrium position is 

called the amplitude of vibration. The time taken to complete one cycle of motion is known as the period of 

oscillation or time period and the number of cycles per unit time is called the frequency of oscillation or the 

simply frequency. 

 

Vibration In The Boring Operation:  

Today's concern in the manufacturing industry is the vibrations introduced during metal cutting, e.g. 

turning, milling and boring operations etc. Turning operations and especially boring operations are facing severe 

vibration related problems. To reduce the problem of vibration additional must be taken at the production 

planning stage and preparation regarding the setting up the machining parameters e.g. speed, feed, depth of cut 

etc. with respect to workpiece material, in order to obtain the desired shape with given surface finish, material 

removal rate and geometrical tolerance. Thus vibration related problem are of great interest in metal cutting has 

a considerable influence on important factors such as productivity, production costs, etc. A thorough 

investigation of the vibrations involved in an important step in resolving this problem. 

 

Influence Of Vibration On Boring Process:  

The cutting system is well defined as a specific combination of the cutting speed, cutting feed (feed rate), 

and depth of cut (which are known as process parameters). It is well known that the listed parameters of the 

cutting system affect the tool life and subsequently the quality of the product. The cutting feed has a direct 

influence on the quality, productivity, and efficiency of machining. The vibrations were measured by standard 

track measuring. The composition of this track consisted of following devices: vibration sensor, amplifier, etc. 

Then the conclusion adopted from the generally adopted equation. For example, generalizing the experimental 

data, Gorczyca proposed the following relation: 

𝑇 =
48.36𝑋106

𝑣4𝑓1.6𝑑𝑤
.28

 

Where, 𝑣 = cutting speed in m/min. 

 𝑓 = feed in mm/revolutions 

 dw =depth of cut in mm  

 The cutting speed v and the depth of cut dw are both constant, then it obtain from Eq. that tool life 

decreases when the cutting feed f is increased. 

 

2. Literature Review: 

This approach uses finite element simulation to investigate the inter-relationship between the chatter 

vibration and the chip formation process. Simulation of chip formation is combined with dynamic analysis of 

machine tool to determine the interaction between the two phenomena. Mesh adaptation technique is used to 

move the tool inside the workpiece to form the chip, while a flexible tool is used to allow the tool to vibrate 

under variable loading conditions. By repeating the simulations under various widths of cut, and the simulation 

is able to realistically predict various phenomena observed in actual machining processes such as variation of 

shear angle and the increase of stability at lower speeds known as process damping. Reasonable agreement 

observed between the two sets of results demonstrates the effectiveness of the simulation approach. 
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3. Methodology: 

A boring operation is a metal cutting operation that bores deep, precise holes in the workpiece and use to 

enlarge existing hole. A tool used to perform the boring operation is called as boring bar and is characterized by 

great length in comparison to its diameter. The boring bar is clamped at one end to a tool post or a collet and has 

an insert attached at the free end. The cutting tool is used to perform metal cutting in a bore or cavity of the 

workpiece. Since a boring bar is usually long and slender, it tends to vibrate. Deep internal turning (i.e. boring) 

of a workpiece is a classic example of chatter-prone machining. Performing metal cutting under vibrating 

conditions will yield unsatisfactory results in terms of the surface finish of a workpiece, tool life, and 

undesirable noise levels. In internal turning operations, the boring bar motion usually consists of force 

components in both the cutting speed direction and the cutting depth direction. 

Frequencies of various materials are evaluated for various lengths to diameter ratio through static analysis 

using ANSYS software. Modal and transient analyses were done by using ANSYS software. Shape optimization 

is carried out for boths boring bar to reduce weight and cost. Using these experimental results, a new method of 

damping vibration in the boring bar is proposed.  

The analysis is done for different materials like aluminum, bronze, steel, etc. the boring bar is designed 

through ansys software and analyzed to reduce the chatter and vibration the diameter and length of the boring 

bar. 

Analysis results show that reinforced boring bar is 76% effective in improving dynamic stability over the 

conventional boring bar. Experimental results show that damped boring bar is 86% effective in improving 

dynamic stability as compared to a undamped boring bar. From these results, it shows that damped boring bars 

are more effective than reinforced boring bars. 

 
Table 2.1: Material Properties 

 Natural Frequency of the Boring Bar     

      

         

Harmonic 
  

Brass 
Phosphor 

Aluminum 
 

Cast Steel 

Without Gunmetal Bronze Copper 

 Damper  Iron Damper 
Damper l Damper Damper Damper 

Analysis  Damper Damper  

(Hz) (Hz) (Hz) (Hz)  
(Hz) (Hz) (Hz) (Hz)    

 

 

        

         

Ansys 
60.086 10.600 

11.296 
10.517 18.207 10.249 16.759 15.419 

(mode 1)         

         

Ansys 
60.141 10.606 

11.303 
10.524 18.218 10.256 16.769 15.430 

(mode 2)         

         

Ansys 
142.29 58.940 

 
58.483 101.24 56.994 93.252 85.660 

(mode 3) 62.814        

         

Ansys 
155.28 59.905 

63.842 
59.441 102.90 57.927 94.735 87.125 

(mode 4)         

         

Ansys 
157.53 98.503 

104.98 
97.739 169.20 95.250 156.98 141.62 

(mode 5)         

         

Ansys 
269.90 130.45 

139.03 
129.44 224.09 126.15 206.10 190.02 

(mode 6)         

         

Ansys 
281.58 145.39 

154.95 
144.26 249.75 140.59 230.10 211.21 

(mode 7)         

         

Ansys 
284.01 153.20 

163.27 
152.01 263.16 148.14 242.20 222.94 

(mode 8)         

         

Ansys 342.60 171.39 182.65 170.06 294.40 165.73 271.03 249.27 
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(mode 9)         
         

Ansys 

428.17 244.78 

260.87 

242.88 420.47 236.70 388.03 354.67 

(mode 10)         

         

 

4.  Tool Geometry: 

 
 

Fig. 2.1.1: Meshed model of boring tool  

Fig. 2.1.2: Meshed model of the boring without damper tool with damper 

 

5.  Modal Analysis (Ansys): 
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Fig. 4.1: Natural Frequencies of the boring tool with and without damper 

 

5.2. Harmonic Analysis (Ansys): 
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Fig. 5.1: Harmonic Analysis of boring bar 

 
Table 5.2: Natural Frequency of the Boring Bar 

S. 

  

DENSITY 

YOUNG’S 

POISON’S 

THERMAL 

MATERIAL MODULUS CONDUCTIVITY 

No (kg/mm²) RATIO   

(N/mm²)  (W/mK)      

       

1. TOOL  7.84x10-6 2.84x105 0.3 46.6 

      

2. COPPER DAMPER 8.96x10-6 1.10x105 0.3 400 

      

3. 
PHOSPHOR 

8.85x10-6 1.234x105 0.3 63 

BRONZE DAMPER      
       

4. 

GUN METAL 

8.72x10-6 1.054x105 0.3 78.4 

DAMPER 

 

      
      

5. STEEL DAMPER 7.84x10-6 2.84x105 0.3 46.6 

      

6. BRASS DAMPER 8.45x10-6 0.97x105 0.3 115 

       

7. 

CAST IRON 

7.81x10-6 2.4x105 0.28 52 

DAMPER 

 

      

      

8. 
ALUMINUM 

2.7x10-6 70x103 0.33 
210 

DAMPER 

  

      

       

 

From the table 3.2 it is observed that the natural frequency of the boring tool has been discussed by using 

harmonic analysis. 

 

RESULTS AND DISCUSSIONS 

 

Various material properties like density, young’s modulus, poison’s ratio and thermal conductivity are 

taken into account and analyzed the boring bar with various damping materials like copper, phosphor, bronze, 

gun metal, etc. While discussing phosphor bronze damper has very low thermal conductivity i.e, 63.during the 

boring operation due to the tool wear and friction more heat will be created to dissipate that heat the boring bar 
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should be capable of conduct the heat.so the phosphor bronze is not a suitable damping material. While taking 

Gunmetal as a damper it’s also as low thermal conductivity. Therefore it’s also not suitable. Next taking steel, of 

course, it has high young’s modulus value. But it is not enough for the perfect damping material.it is rejected 

from the list. While coming to brass damper it has moderate thermal conductivity (115W/mK).but it’s young’s 

modulus value is very poor.so it’s not a perfect one. Then aluminum damper, while comparing the other till we 

discussed it has more thermal conductivity (210W/mK).but the negative thing is it has very low young’s 

modulus value and also very low density. If this material is used it will break easily due to high speed. Finally 

copper damper it has high thermal conductivity (400W/mK) to dissipate the heat, and has high density to resist 

breakage, and has perfect young’ modulus value and poison ratio.so we picked one material best for damping as 

copper and experimented successfully. 

 

Conclusion:  

This project is about modal analysis and harmonic analysis on the boring bar in boring operation. Different 

materials were selected for the boring bar. Materials were chosen based on tool and damping materials. The 

damping materials are copper, phosphor bronze, gun metal, brass, steel, cast iron, aluminum. The results were 

obtained from the modal analysis and harmonic analysis of boring tool with and without dampers. It was 

observed that the mode shapes and natural frequency of the boring tool has been improved with damping 

materials. It was observed that the peak frequency obtained from the modal analysis is same as that of harmonic 

analysis. Copper damped boring tool shows that there is a significant improvement in its frequency when 

compared with other damping materials. Hence copper is suggested as a suitable damping material for boring 

operations. 
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