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Abstract 

In this study, the Taguchi technique was used to investigate the impact and optimization of 
machining parameters on vibration in turning operations. Experiments were carried out with 
varying cutting speeds, victual rates, and cutting depths. In this analysis, two distinct Kevlar 
materials with the same ratio as Shim are used. An orthogonal array, the signal-to-noise (S/N) 
ratio, and analysis of variance (ANOVA) were used to investigate performance characteristics in 
the turning of oil-hardened non-shrinking steel using SNMG 120408 EN - TMR insert cutting 
implements. 
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1.Introduction 
 
 
Vibration in computers has piqued the interest of many people for many years. It has formulated a 
crucial design characteristic in many situations, such as components subject to fatigue loads, 
precision fits, fastener apertures, and aesthetic requirements. One of the most critical constraints 
for the culling of machines and cutting parameters in process orchestration in the integration of 
tolerances is vibration in implements. As a result of vibrations, a large number of experiments have 
been conducted to investigate the general effects of celerity, victual, and cut depth in computer 
implements. Process simulation and optimization are the two most difficult challenges in the 
processing of goods. Process variables that interact define the output processes. Nowadays, more 
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emphasis is placed on the industry's accuracy and the surface roughness of the substance. Surface 
finishing was one of the most important factors in determining the system installation of 
components. In this regard, an attempt was made to calculate the damping coefficient based on 
experimental results. Using the Taguchi process, an attempt was made to refine the damping 
coefficient presage model. Because turning is the primary procedure in the majority of the 
industry's engendering methods, the surface finish of turned components has a greater influence 
on product consistency. A number of variables, including haste, victual, and cutting depth, have 
been found to have varying effects on surface finish in turning. To gain a better understanding of 
the turning mechanism, it is necessary to consider not only the influence of each variable, but also 
the relationships between them. It is difficult to identify all of the variables that cause vibration in 
turning operations. Furthermore, determining the effect of each element on the output is costly and 
time consuming. To simplify the problem, categorical variables corresponding to practical 
applications must be reduced or eliminated. The Taguchi method entails orchestrating experiments 
with the goal of acquiring data in a controlled manner, carrying out these experiments, and 
analysing data to gain insight into the behaviour of a given process. It describes the experimental 
plans using orthogonal arrays, and the analysis of variance (ANOVA) is based on the treatment of 
the experimental outcomes. 
 
2.Problem Definition 

 

• The rate of cutting one of the cutting conditions that affects the surface roughness, it also 

leads to implement wear and unsuitable cutting conditions that result in burr on the work 

piece As a result, the standard cutting celerity should be culled. Edge damages such as 

flank wear, rake face wear, notching, and thermal thermal crack occur when high cutting 

celerity is culled. 

 

• The rate of cutting One of the cutting conditions that affects surface roughness; it also leads 

to implement wear and unsuitable cutting conditions, which leads to burr on the work piece. 

As a result, the standard cutting haste should be eliminated. It also causes vibration on the 

implement, resulting in implement wear. 

 

3.Fabrication selection 

 

Following are the parameters considered while selecting the fabric. 

 

• Strength (tensile, bending) 

• Resistance corrosion 

• Thermal properties 

• Cost 

• Thickness 

 

The incorporation of a fabric layer into a resin matrix produces one material whose properties 

cannot be predicted by summarising the properties of its components in fabric-reinforced 

composite design stability. Although it is the combination of matrix, fabric, and manufacturing 

process that gives composites their superior performance, it is important to consider these 

components separately. When the above parameters are considered, the compositions culled are as 
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shown in the table. SHIM, A. The shim functions as both an insert and an operating shock absorber. 

As a result, the shim is used for dampers. Damping components, such as composites, were made 

of Kevlar fibre reinforced composite epoxy, and materials for the commercially available hardener 

K-6 were used. The dampers are kept between the implement holder and the insert. 

 

4. Manufacturing of the Composites 

 

The glass/Kevlar fibre reinforced epoxy composite incorporate was yare at various 

concentrations. The weight percentage of cotton, epoxy, was tenacious when density, categorical 

gravity, and mass were all considered. Compression moulding is used to process the composites 

at room temperature. 

 

5. Compression molding method of preparation of test specimen 

 

Compression moulding is one of the plastic industry's oldest manufacturing processes. The recent 

development of high vigour, expeditious remedies, sheet moulding compounds, bulk moulding 

compounds, and advancements in press technology are making compression moulding a very 

common method for mass production of composite products. Fully assembled parts are moulded 

in matched metal compression moulds that provide the final component form. The ability of 

compression moulding to produce components with involute geometry in short periods of time is 

its primary advantage. Typically, the mould temperature ranges from 130°C to 160°C (270°F to 

320°F). 

 
 

 

Figure 1. Compression Molding Machine 

 

6. Specimen Preparation 

 

The prepared slabs of the composite materials were taken from the mould for various 

mechanical tests according to ASTM specifications, and then specimens were yarned from 

composite slabs. The research samples were laminated using various instruments in the 

workshop. Three similar research specimens were YARs for separate studies. The specimens 

were cut into the form shims required for the application. 
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Figure 2. Shim 

 

 

7. Methodology 

 

Based on a review of the literature and previous experimental studies, a technique was developed 

to investigate the evolution of flank wear of cutting instruments and the transformation in the 

surface finish of the machined part during turning. Given that high-speed dry machining is the 

latest manufacturing trend, it was proposed to use dry machining and high turning speed to mimic 

the machining conditions that are visually studied in traditional manufacturing industries. This 

chapter describes the steps taken to achieve the objectives of this analysis. Manufacturers of 

cutting implements authoritatively mandated commercially available cutting implements used by 

many manufacturing industries, and the happy machining parameter was culled in order to 

replicate the conditions in the manufacturing industry in the machining experiment. Cutting 

experiments were carried out on a traditional lathe system in dry conditions. The experiment was 

all set up on the KIRLOSKAR Turning Master-35 style lathe machine. The implements were put 

through their paces at 600 RPM, 700 RPM, and 800 RPM spindle speeds. The success rates used 

were 0.05 mm/rev, 0.07 mm/rev, and 0.09 mm/rev, which were kept constant across all cutting 

rates. This increased feed rate was used for maximum efficiency. In addition, cutting depths of 

0.4mm, 0.6mm, and 0.8mm were used. The cutting conditions were kept constant for each of the 

shims used in the experiment. 

 

Table 1. Operating Parameters 

Sl.No. 

Cutting 

speed 

(m/min) 

Feed rate 

(mm/rev) 
Depth of 

cut (mm) 

1 600 0.05 0.4 
2 700 0.07 0.6 
3 800 0.09 0.8 

 
8. Experimental Procedure 

 

The experiment includes determining the effect of two or more variables. For this type of 

experiment, fractional designs are generally the most effective. Using a fractional design, we 

discovered that in each complete trail or replication of the experiment, all possible coalescences 

of the calibres of the factors are investigated. For example, if a' level factor A and 'b' level factor 

B exist, all 'ab' treatment amalgamations are included in each replicate. When variables are 

arranged to be crossed in a factorial design, they are frequently expressed verbally. The effect of 

a factor is known as vicissitude in replication generated by a transmutation in the factor calibre. 
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This is often referred to as a primary effect because it is related to the primary variables of interest 

in the experiment. Three parameters were collected for analysis in this study: celerity, victual, and 

cutting depth. Several tribulation runs were carried out to determine the parameter range. For the 

parameters, the calibres were definitively extracted from table 1. 

 

8.1 Hard Turning 

 

Hard turning is a cutting method defined by suitable cutting tools and high cutting speed, as well 

as turning materials with a hardness greater than 45 HRC. Hard steel machining with advanced 

tool materials, such as mixed ceramic, has more advantages than grinding or polishing without the 

use of cutting fluid, such as a shorter cycle time, process flexibility, compatible surface roughness, 

a higher rate of material removal, and fewer environmental issues. High-speed machining of dies 

and moulds in their hardened state has become standard industry practise due to increased 

productivity and reduced energy consumption. 

 

Hard turning is a cost-effective, high-efficiency, and flexible machining process for ferrous metal 

workpieces that are frequently hardened above 40 HRC and up to 62 HRC. This process is now 

widely used in the production of gears, shafts, bearings, cams, forgings, dies, and moulds. Because 

of the required tool material hardness, hard machining is done dry with ceramics and 

polycrystalline cubic boron nitride (PCBN, also known as CBN) cutting tools. Hard turning is a 

lathe machining method in which most of the cutting is done with the nose of the inserts, in addition 

to the effects of work material hardness, tool geometry, and cutting conditions on the surface 

integrity of the finished parts. Because hard turning necessitates the use of a strong and prudent 

cutting-edge tool, it is critical to provide high edge strength as well as favourable surface roughness 

in the nose design through proper edge preparation. The efficiency and quality of machined 

surfaces of ceramic and CBN cutting tools are strongly dependent on cutting conditions, such as 

cutting speed, feed, cutting depth, and nose radius of the tool, all of which have a significant impact 

on surface finish due to vibration in the turning tool. In this experiment, the working component 

is OHNS steel. The OHNS steel has a diameter of 50mm and a weight of 350mm. The chemical 

composition and mechanical properties of OHNS steel are shown in tables 2 and 3. 

 

Table 2. Chemical composition of OHNS steel 

C Mn Cr W 

0.85% 1.00% 0.50% 0.265% 
 
 
Table 3. Mechanical properties of OHNS steel 

Max 
stress 

Yield 
stress 

Proof 
stress 

Impact 
strength 

Hardness 
value 

950 
N/mm 

465 
N/mm 

480 
N/mm 

25j 288 
Brinell 

 
 
 
 
 
Table 4. Observations recorded for damping coefficient 

Sl No 
Damping  

coefficient 
for 

Damping 
coefficient 

for 

Damping 
coefficient 
for Kevlar 
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cemented 
carbide 
shim 

chopped 
Kevlar  
40wt% 

mat  
40wt% 

1 0.01325 0.034 0.1275 
2 0.042 0.104 0.1 
3 0.023 0.15 0.225 
4 0.089 0.035 0.06 
5 0.0178 0.09 0.24 
6 0.058 0.047 0.056 
7 0.0212 0.08 0.056 
8 0.022 0.028 0.029 
9 0.102 0.25 0.15 

 

Table 5. Comparison of S/N ratio 

Sl.  S/N ratio for S/N ratio S/N ratio 

No  Cemented for Chopped 

for Kevlar 

Mat 

  Carbide Kevlar 40wt% 

  Shim 40wt%  
1 37.55 29.37 17.88 

     
2 27.53 19.65 20 

     
3 32.76 16.47 12.95 

     
4 21.01 29.11 24.43 

     
5 34.99 20.91 12.39 

     
6 24.73 26.55 25.03 

     
7 33.47 21.93 25.03 

     
8 33.15 31.05 30.75 

     
9 19.82 12.04 16.47 
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Fig 4. Comparison of S/N ratio value for all specimens  
 

9.Conclusion 

The Taguchi method was carried out with the help of Minitab software. The Taguchi methods are 

used to look at the value of the damping coefficient and the SN ratio for the experimental variables 

of factors. These strategies are frequently used to improve replications. ANOVA (analysis of 

variance) is calculated and tabulated for the proposed method. In addition, the design's regression 

equation was discovered. Because surface quality will be high when the S/N ratio values are 

miniscule, the more minute phenomenon is eliminated for damping coefficient. In this experiment, 

two kevlar versions in the same ratio were chosen and used as shims. As a shim, chopped Kevlar 

of 40% weight and Kevlar mat of 40% weight were used. The damping coefficients of various 

Kevlar versions that are used as shims are calculated and compared. By comparing the S/N ratio 

values of the two different Kevlar materials, it has been shown that the Kevlar Mat of 40% weight 

is more suitable for dry machining OHNS steel, resulting in a superior surface finish. 

 

10.References 
 
[1] H.K. Tönshoff, C. Arendt, Amor R. Ben, Cutting of hardened steel, CIRP Annals 49/2 

(2000) 547-566.  
[2] G. Byrne, D. Dornfeld, B. Denkena, Advancing cutting technology, CIRP Annals 52/2 

(2003) 483-507.  
[3] W. König, A. Berktold, K.F. Koch, Turning versus grinding-a comparison of surface 

integrity aspects and attainable accuracies, CIRP Annals 42/1 (1993) 39-43. 
 
[4] F. Klocke and E. Brinksmeier, et al, Capability profile of hard cutting and grinding 

processes, CIRP Annals 54/2, 2005, 557-580.  
[5] Merdol, S. D. &Altintas, Y, Mechanics and dynamics of serrated cylindrical and tapered 

end mills. Trans. ASME. 

[6] Tlusty, J. Machine Dynamics, Handbook of High Speed Machining Technology. King, R.I., 
ed., 1985, Chapman and Hall, New York.    



K.S. Sathishkumar, S.Ramesh Kumar, A.Jeevarathinam, Ganesh Kumar. K. V, Dr.S.Kalpana, 

 

1827 

 

[7] Altintas, Y. and  Budak, E. Analytical prediction of stability lobes in milling. Ann. CIRP, 44(1), 

1995, 357-362. 

[8] Tlusty, J. Machine Dynamics. Handbook of High Speed milling, J. of Engineering for Industry, 
Trans.ASME, 108, May 1986, 59-67. 

[9] Smith, S. and  Tlusty, J. Update on high-speed milling dynamics. J. Engineering for Industry, 
Trans. ASME, 112, May 1990, 142-149. 

[10] Jaganathan, V. A study of the dynamics of drilling and reaming. Ph.D. Thesis, Univ. of 
Windsor, Canada, 1998. 

[11] Tian, J. Self-excited vibration of rotating discs and shafts With applications to sawing and 

milling. Ph.D. dissertation, The Univ. of British Columbia, Canada, August 1998. Proceedings 
of the 2006 IJME – INTERTECH Conference 

[12] Fofana, M. S., Delay dynamical systems with applications to machine- tool chatter. Ph.D. 
Thesis, Univ. of Waterloo, Canada, 1993.  

[13] Merritt, H.E. Theory of self –exited machine tool chatter-Contribution to machine tool 

chatter research –1, ASME J Eng for Ind., 87, November 1965, 44-454 

[14] Dohner, J. L., et al. Mitigation of chatter instabilities in milling by active structural 

control. J. Sound & Vibration, 269, 2004, 197-211. 

[15] Tobias, S.A. and  Fishwick, W, Theory of regenerative machine tool chatter, The 

Engineer, London, Vol.205, 1958, 199-203 (Feb7), 238-239 (Feb, 14), 

[16] Choi, T. and Shin, Y., Online chatter detection using wavelet based parameter 

estimation, Feb. 2003, J.Manufacturing Science & Engineering, 125, 21-28. 

[17] Amin, A. and Abdelgadir, M. The effect of preheating of work material on chatter during 

end milling of medium carbon steel performed on a vertical, machining center, Nov. 2003, 

J. Manufacturing Science & Engineering, 125, 674-680. 

[18] Faassen, R. P. H, and van de Wouw, et.al, Prediction of regenerative chatter by modeling 

and analysis of high-speed milling. , 2003, Int. J. Mach. Tools Manuf., 43, 1437-1446. 

[19] Koenisberger  andTlusty J , Machine tool structures, 1967, vol. I: stability against 

chatter. Pergamon, Englewood Cliffs 

[20] Cao HG and Holkup T, et.al, A comparative study on the dynamics of high speed 

spindles with respect to different preload mechanisms., 2011, Int J AdvManufTechnol 

57:871–883 

[21] Hung JP and Lai YL, et.al,  2011, Modeling the machining stability of vertical milling 

machine under the influence of the preloaded linear guide. Int J Mach Tools Manuf 

51(9):731–739 

[22] Kolar P, Sulitka M, 2011 Simulation of dynamic properties of a spindle and tool system 

coupled with a machine tool frame. Int J AdvManuf Techno 54:11–20. 

[23] Albertelli P, Cau N, Bianchi G, Monno M (2012) The effects of dynamic interaction 

between machine tool subsystems on cutting process stability. Int J AdvManuf Techno 

58:923–932 


