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ABSTRACT:  

The current study emphasizes on an investigational analysis of hard turning 100 Cr6 (62 HRC) 

material with coated mixed oxide ceramic insersts. The impact of cutting criteria (cutting speed 

and feed) on surface roughness in addition to cutting force elements has been evaluated 

employing Taguchi design of experiment and Response Surface Methodology (RSM). The 

graphs of the significant impacts and composite appropriateness are employed as multi-

objective maximization methods to set the association amongst cutting settings and analysed 

criteria. It has been discovered that the recommended experimental method to maximize cutting 

criteria has validated its dependability and can be used for varied machining functions.  
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1. INTRODUCTION 

A crucial issue in contemporary machining 

is successful machining of hard to cut 

material like hardened steels. Off late, hard 

machining (HM) of steel elements hardened 

to around 46-65 HRC executed by both 

mixed oxide ceramics and CBN tools 

gained preference and successful 

technology successfully substituted 

grinding functions, conventionally 

employed in several mass-production 

manufacturing procedures. Regrettably, 

radical tribological settings creating at dry 

severe friction and high tool-chip and work-

flank interface temperatures are inclined to 

accelerate tool wear and as a result lead to 

comparatively fast spoilage of surface 

finish and dimensional and shape 

preciseness [1]. The conventional method 

of processing hard steel comprises of set 

steps of functions including forming, 

annealing, rough cutting, and heat treatment 

and grinding; all these processes are 

expensive and take up a lot of time [2]. The 
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lowering in price can be attributed to the 

detail that in the procedure of turning many 

functions can be executed only on one 

machine and less tools and short setup times 

are utilised. The energy essential for 

removing some amount of material in a 

hard turning is 5-10% of the energy used in 

grinding [3]. According to Tonshoff et al. 

[4] lowering of time in a hard turning is 

over 60% in contrast to the grinding. High 

heat resistance tools of cubic boron nitride 

(CBN) and ceramics permit the so-named 

dry machining (in the absence of a coolant) 

without adverse impacts on the wear and 

tear of the 

tools or on the subsurface attributes of 

elements [5]. As per Bouacha et al. [6], the 

surface roughness when hard turning of 

AISI 52100 bearing steel (63 HRC) is 

strongly impacted by both cutting time and 

feed rate, while the depth to cut puts forth a 

limited impact. Additionally, it could be 

enhanced by rising the cutting speed due to 

limited crucial plastic conduct at higher 

deformation velocity and workpiece 

material hardness. Horng et al. [7] have 

analysed machinability assessment of 

Hardfield steel in the hard turning with 

mixed oxide ceramic tool and inferred that 

the evaluation of machining criteria 

employing RSM method has the benefit of 

analysing the impact of every machining 

criterion on the worth of machinability 

assessment.  

 

2. EXPERIMENTAL PROCEDURE 

So as to analyse the impact of machining 

criteria on surface roughness and cutting 

force element two cutting settings, 

comprising of cutting speed (vc) and feed 

rate (f) were chosen to be the machining 

criteria while keeping the depth of cut 

constant (ap = 0,5 mm).Cutting settings 

were selected to be the independent input 

variables. The anticipated reactions were 

the three elements of cutting force (Fp, Ff, 

Fc) and two criteria of surface roughness 

(Ra, Rz). Hard turning investigations were 

undertaken on traditional lathe machine 

tool (SUI 50). The figure 1 shoes the 

investigational set-up for the test.  The 

sample material included a 100Cr6 bearing 

steel with hardness of 62 HRC in the form 

of round bars with 118 mm diameter. The 

chemical structure of 100 Cr6 steel is in 

mass % was as under: 1.121 C, 0.241 Si, 

0.35 Mn, 0.022 P, 0.024 S, 0.092 Cu, 1.671 

Cr, 0.053 Ni, 0.011 Nb. 

 

This material symbolises a chrome steel 

and is one of the non stainless steel 
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particularly suggested for the production of 

the bearings, tools, drills and utensils. 

Mixed oxide ceramic (Al203/TiCN) TiN 

PVD coated insert with designation SNGN 

120408 produced by ISCAR with tool nose 

radius r = 0,8 mm (Fig. 2) was employed in 

the investigational analysis. Type SNGN is 

a square double sided ceramic insert with 

flat rake suggested for machining cast iron, 

hardened steel and superalloys. The insert 

was clamped onto tool holder, type CSRNR 

2525 M12 020 with geometry as 

mentioned: -6o rake angle (negative), 75o 

cutting edge angle, 11o clearance angle, -6o 

cutting edge inclination. 

 

Dry cutting settings were employed to 

conduct all the turning experiments. A 

Kistler 9441 force dynamometer was 

employed to gauge the cutting forces in 

three mutually perpendicular directions. 

The roughness criteria calculation (Ra and 

Rz) for individual cutting settings was got 

by a Surftest 301 Mitutoyo. The roughness 

calculations for one pass of the cutting tool 

was duplicated three times to attain a more 

precise inference. The cutting criteria for 

the tests were chosen depending on the 

cutting tool producer´s suggestions in 

addition to the earlier study undertaken in 

the domain of the hard turning procedures 

[8]. 

 

 

Table 1 indicates the degree of two 

machining criteria x1 (cutting speed), x2 

(feed rate) and their range. In the present 

study, an L9 Taguchi generic orthogonal 

array is adapted as the investigational plan.  

The Taguchi technique is a methodical 

manner to identify the maximum values of 

design aspects that result in an economical 

plan with low variability [9]. This technique 

can radically lower the number of 

experiments needed to collect essential 

details [10]. Table 2 shows the 3rd level L9, 

where the numbers 1, 2 and 3 represent the 

values of the independent variable level. 

 



ELK ASIA PACIFIC JOURNAL OF MANUFACTURING SCIENCE AND ENGINEERING 

 

ISSN Online :  2394-0425 ;Volume 1 Issue 2 (2016) 

……………………………………………………………………………………………… 

Figure 3 indicates the technique for the 

maximization of the machining criteria for 

the hard turning function relying on the 

Taguchi technique and RSM with ceramic 

cutting tool. Several analysts have 

employed both maximization techniques 

for varied cutting functions such as milling, 

drilling, turning etc., in machining different 

alloys [9-13]. 
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3. RESULTS AND DISCUSSION 

The researcher has calculated both the 

surface roughness criteria (Ra and Rz) and 

cutting force elements (Fp, Ff, Fc) post the 

longitudinal turning function. Table 3 

shows the investigational settings and 

inferences drawn.  

 

 

2.1 Effect of cutting conditions on 

surface roughness parameters 

Fig. 4 indicates the impact of the analysed 

cutting settings on surface roughness 

criteria. This figure shows that the value of 

Ra and Rz criteria both enhance with the 

rise of the feed rate (f). Both criteria (Ra, 

Rz) initially seem to be rising with the rise 

in the cutting speed (vc); however, this rise 

reduces post the cutting speed vc reaching a 

speed of 120 m/min. As anticipated the 

optimal surface roughness was attained at 

the lowest feed rate. In the instance of 

roughness criteria the maximum level is the 

initial one for both independent variables 

Fctors x1 and x2. 

  

2.2 Effect of cutting parameters on 

cutting force components 

Fig. 5 indicates the impact of cutting speed 

and feed rate on cutting force elements for 

three varied aspect levels. The cutting force 

outcomes indicate that the biggest is the 

thrust force (Fp), the tangencial cutting 

force element Fc) is the middle one and the 

feed force element (Ff) is the elast. This is 

on account of the yield strength of the 

workpiece material emergence post the heat 

treatment and the employment of an 

adverse rake angle [14]. 
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2.3 Optimization using RSM method 

Using the response surface maximization 

technique assists in recognising the 

amalgamation of machining settings (vc, f) 

that together maximise the surface 

roughness criteria and the cutting force 

elements in the hard turning procedure. 

Joint maximization needs to fulfil the needs 

for all the reactions in the group. 

Maximationa attainment is gauged by the 

composite desirability which is weighed 

geometric average of the individual 

desirability’s for the reactions on a range 

beginning from zero, ending at one [14]. 

The worth of one shows that the reaction is 

as per the aim while a value of zero 

indicates that the one or more reactions are 

extrinsic to the acceptable domain [15]. 

Ultimately, the individual desirability 

operations are merged to offer a measure of 

the composite desirability of the multi-

response system [16]. 
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Figure 6 indicates the RSM maximization 

outcomes for the surface roughness criteria 

(Ra, Rz) and the cutting force elements (Fc, 

Ff, Fp). The maximization procedure 

elements got are discovered to be cutting 

speed vc = 90 m/min and feed rate f = 0,049 

mm/rev. The maximization cutting force 

elements are as under: 

Fc = 173 N, Ff = 57 

N and Fp = 429 N. 

Furthermore, the maximized surface 

roughness criteria 0,2 um and Rz = 1,7 um 

which are equivalent to the outcomes in 

[17] and [18]. 

 

3. CONCLUSION 

The current research symbolises a merged 

usage of the Taguchi method and RSM to 

maximize cutting criteria and analyse their 

impact on the surface roughness in addition 

to cutting force elements when hard turning 

of 100Cr6 (62 HRC) steel. Both machining 

criteria including feed rate (f) and cutting 

speed (vc) are maximized to fulfil minimal 

values of the research aims. The outcomes 

of the present study include: 

 Recommended method to maximize 

cutting criteria has validated its 

dependability and can be employed 

in varied machining functions also 

 As per the outcomes put forth the 

surface roughness is extremely 

impacted by feed rate (f) rather than 

the cutting speed (vc) 

 Minimal worth of the surface 

roughness criteria Ra and Rz was 

attained at the lowest feed rate (f) 

 Feed rate (f) was also the most 

crucial aspect for reducing cutting 

force elements Fc, Fp and Ff 
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 Depending on the response surface 

maximization and the composite 

desirability technique of RSM, the 

maximum turning criteria were 

discovered to be as under: 

o f = 0,0492 mm/rev and vc = 

90 m/min 

Additional research could pay more 

attention to aspects like insert 

microgeometry, varied cutting materials or 

coatings when hard turning to analyse other 

machinability attributes. 

 


