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Abstract—During machining process, chatter is an unavoidable 

phenomenon. Boring bars possess the cantilever shape and due to 

this, it is subjected to chatter. The adverse effect of chatter includes 

the increase in temperature which will leads to excess tool wear. To 

overcome these problems, in this investigation, Cartridge brass (Cu 

– 70% and Zn – 30%) is passively fixed on the boring bar and also 

clearance is provided in order to reduce the displacement, tool wear 

and cutting temperature. A conventional all geared lathe is attached 

with vibrometer and pyrometer is used to measure the displacement 

and temperature. The influence of input parameters such as cutting 

speed, depth of cut and clearance on temperature, tool wear and 

displacement are investigated for various cutting conditions. From 

the result, the optimum conditions to obtain better damping in boring 

process for chatter reduction is identified.  
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I. INTRODUCTION  

EGENERATIVE and non-regenerative are the types of  

 self-excited vibration. Out of this the regenerative type of  

vibrations are formed due to the interaction of the cutting force 

and the surface irregularities that are formed during the previous 

passes of the tools in the work-piece [1]. In boring process, the 

vibration is a well-defined problem, due to its long and slender 

boring bars which are essential to perform the internal machining 

of work-piece [2]. Vibration that occurs in tool or work piece 

leads to higher surface roughness in machined work piece, 

reduced tool life, and also results in chatter which are highly 

unfavorable [3]. Thus, the vibration in machining is mainly due 

to the deficiency of dynamic stiffness of various components in 

the machine tool. They can be alienated into free, forced and self-

excited vibrations. Even though the system is fully balanced, the 

existence of vibration may also due to the intermittent forces that 

arise due to chip thickness. That means that they are always 

present. Therefore, to prevent damage, the vibration level must 

be controlled. The most common self-excited vibration is 

regenerative chatter.  

Chatter can be attenuated by either active or passive methods 

of damping. The active methods of damping needs separate 

hardware segments to identify and control the chatter and it also 

expensive than passive damping. In passive method of damping, 

even though many kinds are available researchers  

  

were given more importance to the mass damping [4].   

The damping capability of cutting tools can be improved with 

the help of dampers and the dampers that are used for this 

purpose should be in small size and facilitates easy mounting [5]. 

The deeper holes can be bored using the tools equipped with 

impact dampers when compared with the commercially available 

boring tools [6]. In boring process, the boring bar is the weakest 

link in the system due to its cantilever shape, so that it will more 

prone to vibration. In the past effect has also been taken to 

improve the damping by tuning the tool holder and also by 

slightly modifying the clamping system [7]. Boring bar modeled 

by considering the Euler-Bernoulli equation and first mode is 

reported in literature. Researchers were generally focused on the 

behavior of boring bars with a passive dynamic vibration 

absorber (DVA) for chatter suppression [8]. When the tool passes 

over the undulations produced during previous cut, then the chip 

thickness and the force on the cutting tool vary due to the phase 

difference between the wave left by the previous pass and the 

wave left by the current ones. This phenomenon can greatly 

amplify vibrations, become dominant and build up chatter [9]–

[12].  

Various damping materials like Copper, Phosphor Bronze, 

Gun metal, Cast Iron, Brass, EN8, Aluminium, and polymers 

were reported in literature. In addition to DVA’s, attempts were 

made in the past to control the chatter by utilizing the electro-

rheological and frictional dampers [13], [14]. Some attempts 

were carried out in the past using the tunable vibration bars 

which will counteract the chatter that arises during machining 

and also with the incorporation of magnetorheological dampers 

(active mode of damping) [15]–[17]. Based on the boring 

mechanism, it is very clear that the boring operation encounters 

sever chatter problems due to its meager nature of bar, so that it 

leads to instability of the boring bar [18]–[25].  Hence, in this 

present work in order to suppress the chatter that arises during 

the boring process, the boring bar is equipped with cartridge 

brass as damper with clearance and it is investigated for its 

displacement, temperature and tool wear and compared with the 

undamped bar.  

II. MATERIAL SELECTION  

A. Damping Material  

Based on the literature survey and by considering the other 

factors such as availability, manufacturability and cost, Cartridge 

brass is selected as damping material for this work due to its 

higher density. The property of the selected damping material is 

given in Table I.   

  

  
TABLE I  

PROPERTIES OF THE DAMPER  

R 
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Material  Density (kg/m3)  
Thermal Conductivity  

(W/m K)   
Young’s 

modulus 

(N/mm2)  

Cartridge Brass    11 x 103  

B. Boring Bar and Tool  

EN31 boring bar is selected for this work due to its high 

strength, hardness, and abrasion resistance characteristics. The 

properties of the commercially available EN31 boring bar are 

given in Table II and the boring bar is shown in Fig. 1.  

  

  

Fig. 1 EN31 Boring Bar   

  
TABLE II  

PROPERTIES OF EN31 BORING BAR  

Young’s modulus,   3 
 E (N/mm2)  Density (kg/m )  

Cross sectional  Length of the bar, L 

area, A (m2)  (m)   

  215 x 103  7850  3.14159 x 10-4  0.2  

C. Experimental Setup  

The experiments were performed in an all geared lathe to 

machine the grey cast iron work piece of 60 mm inner diameter 

and 50 mm in length. It is incorporated with pyrometer and 

vibration response unit in order to measure the cutting 

temperature and displacement respectively during boring process 

as shown in Fig. 2.  

  

  

Fig. 2 Experimental Setup   

  

From the literature it can be understood that the effectiveness 

of boring process depends on the many parameters such as speed, 

feed, depth of cut, type of damping provided, damping material 

used, overhanging length, position of the dampers etc. This 

research is mainly focused to reduce the chatter and to investigate 

the effect of damping provided in the boring process. Clearance 

is considered as one of the factor to achieve this objective. 

Because the clearance will provides more impact or impulsive 

force over the bar during chatter. Thus, this force will help to 

attain the stability during machining. Hence, in this work various 

level of speed, depth of cut and clearance is selected as the 

process parameters. Feed (0.08 mm/rev) and position of damper 

(64 mm) are kept as constant. Experiments were carried out with 

various combinations of the cutting parameters in full factorial 

method. Finally, 36 observations were obtained with and without 

dampers. The various levels of the parameters selected are shown 

in Table III.  

  
TABLE III  

LEVELS OF PROCESS PARAMETERS  

S. No.  Factors  
 Levels   

     

 Speed (rpm)     

 Depth of cut (mm)  0.2  0.4  0.6  

 Clearance (mm)  0.4  0.6  0.8  

III. CUTTING RESPONSES OF BORING BAR  

A. Displacement of the Boring Bar   

  

Fig. 3 Displacement of undamped boring bar  

  

Fig. 3 shows the relationship between the cutting 

parameters (cutting speed and depth of cut) and displacement 

of the undamped boring bar. The minimum and maximum 

displacement obtained is 0.023 and 0.075 mm at 300 and 500 

rpm respectively. Also it is observed that the displacement is 

increasing for the succeeding experiments. This higher value 

of displacement shows us the chatter level during the 

operation. A lower value of displacement (0.023 mm) is 

observed at lower level of speed and depth of cut.   

  

  

Fig. 4 Displacement of damped boring bar  

  

  

Fig. 5 Displacement of damped and undamped bar  
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Fig. 4 shows the relationship between the cutting parameters 

(cutting speed, depth of cut and clearance) and displacement of 

the damped boring bar. Fig. 5 shows the comparison of the 

displacement of damped and undamped boring bar. E1to E27 

indicates the 27 experimental conditions in boring operations. A 

low value of the displacement of the tool 0.016 mm was obtained 

in 300 rpm cutting speed, 0.2 mm depth of cut and the clearance 

of 0.8 mm. A high value of the displacement of the tool 0.051 

mm was obtained in 500 rpm cutting speed, 0.6 mm depth of cut 

and the clearance of 0.4 mm. Thus, the large level of clearance 

helps to provide better damping in order to attenuate the chatter. 

Thus in the both cases (damped and undamped system) the lower 

level of speed (300 rpm) provides better result in terms of 

displacement.  

The introduction of the brass damper in the boring tool 

decreases the displacement of the boring tool thereby increases 

the stability of the boring tool. It was observed that the equipment 

of brass as a damping material leads to 30.4 % of decrease in the 

displacement of the boring tool, when compared with the 

minimum displacement of the boring tool that was obtained 

without damper. This reduction in the displacement clearly 

shows that the chatter level is controlled with the help of damper 

provided with the clearance.  

B. Response of Cutting Temperature  

  

Fig. 6 Temperature of undamped boring bar  

  

  

Fig. 7 Temperature of damped boring bar  

  

  

Fig. 8 Temperature response of damped and undamped boring bar  

  

Figs. 6 and 7 show the relationship between the cutting 

parameters (cutting speed, depth of cut and clearance) and 

cutting temperature in ˚C of the undamped and damped boring 

bar. Fig. 8 shows the comparison of temperature response of the 

damped and undamped bar.   

A lower value of 283˚C is obtained for the undamped process. 

But, a better value of the cutting temperature as 279˚C was 

obtained in 300 rpm cutting speed, 0.2 mm depth of cut and the 

clearance of 0.8 mm for the damped boring bar. It was observed 

that the introduction of damper leads to 1.4% of decrease in the 

cutting temperature, when compared with the minimum 

temperature of the boring tool that was obtained without 

equipping damper. In both the damped and undamped system the 

lower level of temperature is obtained at lower level of speed 

(300 rpm). Thus in the case of cutting temperature also, the 

higher level of clearance provides the better effect.  

Figs. 9 and 10 show the relationship between the cutting 

parameters and tool wear in mm for the damped and undamped 

system respectively. The lower level of tool wear as 0.16 mm is 

observed with the undamped system. By using the damper, a very 

low value of the tool wear of 0.07 mm was obtained in 300 rpm 

cutting speed, 0.2 mm depth of cut and with the clearance of 0.8 

mm.   

  

  

Fig. 9 Tool wear of undamped boring bar  

  

  

Fig. 10 Tool wear of undamped boring bar  

C. Response of Tool Wear   

  

Fig. 11 Tool wear for undamped and damped boring bar  

Fig. 11 shows the comparison of tool wear response for the 

damped and undamped boring bar. Through this, it can be seen 

that, the maximum value of tool wear as 0.23 mm was obtained 
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in cutting speed of 500 rpm, depth of cut of 0.6 mm and clearance 

of 0.4 mm. Hence, the damped system provides a 56% reduction 

in tool wear. The damped and undamped boring bar attains the 

lower value of temperature at lower speed (300 rpm). Hence, a 

higher level of clearance is required even in the case of 

temperature.    

IV. CONCLUSION  

Based on experimental results, the observations which were 

made in this work are concluded and summarized.  

1) The brass damper equipped with the boring tool exhibited 

lower values of the displacement, cutting temperature, and 

tool wear of 0.016 mm, 279 °C and 0.07 mm respectively.   

2) A 30.43% decrease of the displacement of the tool was 

achieved by using brass as a damping material in the boring 

tool when compared with the boring tool not equipped with 

the damping materials.  

3) A 1.4 % decrease of the cutting temperature of the tool was 

achieved by introduction of damper in the boring tool when 

compared with the undamped boring tool.  

4) A 56.00% decrease of the Tool wear was achieved by brass 

as damping material in the boring tool when compared with 

the undamped boring tool.  

5) The low level of speed and depth of cut with high level of 

clearance is found as the optimum level to suppress the 

chatter effectively.  

6) The damper provided acts a UDL over the certain length 

which will improves the stability of the bar due to its 

continuous impaction over the bar during the occurrence of 

the chatter.   

Hence, from this investigation it is concluded that the boring 

bar equipped with brass as damper provides better responses (in 

terms of displacement, tool wear, and temperature) when 

compared with the undamped boring bar. Generally, the 

clearance level provided to the damper lay a major role in the 

cutting responses. For all the cutting responses, the larger 

clearance value (0.8mm) provides minimum displacement, 

temperature and tool wear. The clearance in the damper 

arrangement improves the stability of the boring tool due to the 

generation of more impulsive force and thus it dissipates the 

chatter.   

V.  SCOPE FOR FUTURE WORK  

1) This work can be extended to predict the chipmorphology 

under different machining conditions using the FEM 

simulation.   

2) The cutting forces can be measured and correlate them with 

the chip formation and surface roughness.  

3) The ANN models can also be used to predict the above 

responses.  

4) Modal and Harmonic analysis can be performed to analyze 

about the frequency levels of the system during operating 

conditions.  

5) The damping materials can be made from polymers or 

composites and then incorporate them in the system.  

6) In this work, damping is provided from only one direction, 

hence in the future work damping can be provided form 

multiple direction and analyses can be performed to obtain 

the system response.  

REFERENCES   

[1] K Ramesh, T Alwarsamy and S Jayabal, “Prediction of cutting process 

parameters in boring operations using artificial neural networks,” 
Journal of Vibration and Control, vol. 21 no. 6, pp. 1043–1054, 2015.  

[2] Henrik Akesson, Tatiana Smirnova and Lars Hakansson , “Analysis of 

dynamic properties of boring bars concerning different clamping 

conditions,” Mechanical Systems and Signal Processing, vol. 23, pp.  
2629–2647, June 2009.  

[3] B. Moetakef-Imani and N.Z.Yussefian, “Dynamic simulation of boring 

process,” International Journal of Machine Tools & Manufacture, vol.  
49, pp. 1096–1103, August 2009.  

[4] D. D. L. Chung, “Review Materials for vibration damping,” Journal of 

materials science, vol. 36, pp. 5733–5737, 2001.  

[5] S. Ema and E. Marui, “A fundamental study on impact dampers,” 
International Journal of Machine Tools & Manufacture, vol. 34 no. 3, 

pp. 407–421, 1992.  
[6] Satoshi Ema and Etsuo Marui, “Suppression of chatter vibration of 

boring tools using impact dampers,” International Journal of Machine 

Tools & Manufacture, vol. 40, pp. 1141–1156, 2000.  
[7] Lorenzo Daghini, Andreas Archenti and Cornel Mihai Nicolescu, 

“Design, Implementation and Analysis of Composite Material Dampers 

for turning Operations,” WASET International Journal of Mechanical, 

Aerospace, Industrial, Mechatronic and Manufacturing Engineering, 

vol. 3 no. 5, pp. 556–563, 2009.  
[8] M.H.Miguelez, L.Rubio, J.A.Loya and J.Fernandez-Saez, 

“Improvement of chatter stability in boring operations with passive 

vibration absorbers,” International Journal of Mechanical Sciences, 

vol. 52, pp.  
1376–1384, 2010.  

[9] R.P.H. Faassen, N. van de Wouw, J.A.J. Oosterling and H. Nijmeijer,  
“Prediction of regenerative chatter by modelling and analysis of 

highspeed milling,” International Journal of Machine Tools and 

Manufacture, vol. 43 no. 14, pp. 1437–1446, 2003.  
[10] M. Wiercigroch and E. Budak, “Sources of nonlinearities, chatter 

generation and suppression in metal cutting,” Philosophical 

Transactions of the Royal Society London, vol. 359, pp. 663–693, 2001. 

[11] L.R. Foulds and K. Neumann, “A network flow model of group 

technology,” Mathematical and Computer Modelling, vol. 38 no. 5-6, 

pp. 623–635, 2003.  
[12] Y.Altintas and M.Weck, “Chatter stability of metal cutting and 

grinding,” CIRP Annals—Manufacturing Technology, vol. 53, pp. 619– 
 642, 2004.    
[13] E. Edhi and T. Hoshi, “Stabilization of high frequency chatter vibration 

in fine boring by friction damper,” Precision Engineering, vol. 25 no. 3, 

pp. 224–234, 2001.  
[14] M. Wang and R. Fei, “On-line chatter detection and control in boring 

based on an electro rheological fluid,” Mechatronics, vol. 11 no. 7, pp. 

779–792, 2001.  
[15] H. Moradi, F. Bakhtiari-Nejad and M.R. Movahhedi, “Tunable vibration 

absorber design to suppress vibrations: an application in boring 

manufacturing process,” Journal of Sound and Vibration, vol. 318, pp.  
93–108, 2008.  

[16] D. Sathianarayanan, L. Karunamoorthy, J. Srinivasan, G.S. Kandasami 

and K. Palanikumar, “Chatter suppression in boring operation using 

magneto rheological fluid damper,” Material Manufacturing Process, 

vol. 23 no. 4, pp. 329–335, 2008.  
[17] D. Mei, T. Kong, A.J. Shih and Z. Chen, “Magnetorheological 

fluidcontrolled boring bar for chatter suppression,” Journal of Mater. 

Processing Technology, vol. 209 no. 4, pp. 1861–1870, 2009. [18] 

F.Atabey, I.Lazoglu and Y.Altintas, “Mechanics of boring processes— 

part II: multi-insert boring heads,” International Journal of Machine 

Tools and Manufacture, vol. 43 no. 5, pp. 477–484, 2003. [19] R.N. 

Arnold, “The mechanism of tool vibration in the cutting of steel,” 
Proceedings of the Instituion of Mechanical Engineers, vol. 154, pp.  
261–284, 1946.  

Journal of Functional Materials
ISSN: 1001-9731

Volume 32 | Issue 9 | Year 2025
https://journaloffunctionalmaterials.com/

© 2025 Journal of Functional Materials. All Rights Reserved. Page 19



[20] M. Kayhan and E. Budak, “An experimental investigation of chatter 

effects on tool life,” Proceedings of the Institution of Mechanical 

Engineers, Part B: Journal of Engineering Manufacture, vol. 223, pp.  
1455–1463, 2009.  

[21] E.Budak and E.Ozlu, “Analytical modeling of chatter stability in turning 

and boring operations: a multi-dimensional approach,” CIRPAnnals— 

Manufacturing Technology, vol. 56, pp. 401–404, 2007.  
[22] E.Ozlu and E.Budak, “Comparison of one-dimensional and 

multidimensional models instability analysis of turning operations,” 
International Journal of Machine Tools and Manufacture, vol. 47, pp.  
1875–1883, 2007.  

[23] N.Suzuki, K.N.E. Shamoto and K. Yoshino, “Effect of cross transfer 

function on chatter stability in plunge cutting,” Journal of Advanced 

Mechanical Design, Systems, and Manufacturing, vol. 4, pp. 883–891,  
2010.  

[24] A.Shanker, “An analysis of chatter vibration while turning slender work- 

pieces between centres,”  Annals of CIRP, vol. 25, pp. 273–276, 1976.  
[25] G.Urbikain, L.N.Lopez deLacalle, F.J.Campa, A.Fernandez and A.Elias, 

“Stability prediction in straight turning of a flexible workpiece by 

collocation method,” International Journal of Machine Tools and 

Manufacture, vol. 54-55, pp. 73–81, 2012.  

  

Journal of Functional Materials
ISSN: 1001-9731

Volume 32 | Issue 9 | Year 2025
https://journaloffunctionalmaterials.com/

© 2025 Journal of Functional Materials. All Rights Reserved. Page 20


