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Abstract— The paper gives the brief description of the 

finishing of the product and the tools used in final finishing 

of the product. Various parameters like wear and tear of tool, 

temperature generated during operation, Cutting forces, 

hardness of workpiece, are compared and advantages of new 

tools over the old tools and their benefits to the high rate of 

production are discussed. 
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I. INTRODUCTION 

Hard turning, a process of single-point cutting of materials 

with hardness above 45HRC, has emerged since modern 

ceramics were first made available for continuous roughing 

and cBN tools for continuous finishing. Finish hard 

machining has been a beneficial practice for machining 

industries due to its high productivity, an option for dry 

machining, improved surface integrity, and enhanced 

mechanical properties of machined components. It has the 

potential to replace cost-intensive grinding operations. 

In finish hard turning, high hardness of work pieces, 

large cutting forces, and high temperatures at the tool–

workpiece interface impose extreme requirements for tool 

rigidity and tool wear resistance. Under such conditions, cBN 

(cubic boron nitride), primarily in poly-crystalline cubic 

boron nitride (PCBN) compact form and tipped (or brazed) 

form, has proven to be a technologically viable tool material 

for producing precise parts in small to medium batches. 

However, the difficulty associated with compact cBN 

processing (high temperature and high pressure) and the 

resulting high cost of PCBN tools make economic 

justification necessary for using a compact tool or tipped tool 

for hard turning operation, and thus, challenges for hard 

turning have been shifting from technological feasibility to 

economic viability. Therefore, a solution to significantly 

reduce the application specific tool cost without degrading 

the tool performance and sacrificing productivity is crucial 

for further developments in hard turning. 

II. LITERATURE SURVEY 

The effect of cutting speed and feed rate on tool wear, surface 

roughness, and cutting forces to optimize the machining 

conditions for hard turning applications using the cBN–TiN 

coated inserts are presented. In addition, a comparison is 

made between cBN–TiN coated inserts and PCBN tipped 

inserts in terms of tool wear, surface roughness, and cutting 

forces for the same machining conditions, and machining 

cost. 

III. METHODOLOGY 

A. Manufacturing Details 

1) Work-piece Material 

The work piece material used in this study was thoroughly 

hardened AISI 4340 steel (∼53 HRC), which typically has a 

chemical composition of 0.44% carbon, 1.91% nickel, 1.25% 

chromium, 0.34% molybdenum, 0.68% manganese, and 

0.38% silicon. The solid bars have a diameter of 65mm and a 

length of 381 mm. Circular discs were cut from the work 

pieces (bars) using electrical discharge machining (EDM) to 

examine its microstructure and measure its hardness in order 

to ensure consistency of hardness and microstructure from the 

surface to the center of the bars. 

2) Cutting Inserts 

Standard grade WC–Co (6% of Co) with designation 

CNMA432 (K313 Kennametal Inc.) was used as the substrate 

for coating with cBN–TiN. The selection of this geometry 

was made because PCBN tools are available with a similar 

geometry and so that the machining results could be 

compared under similar cutting conditions. The cBN–TiN 

composite coating has a volumetric percentage of cBN of 

about 45%. The cost of the coated inserts is close to that of 

TiN (CVD) coated inserts, which is significantly lower than 

the cost of PCBN compact or tipped tools. This is one of the 

advantages of the coating. In addition, the coating provides 

for the possibility of cBN-based tools of complex geometry, 

such as chip breakers, which, at least to date, is difficult for 

PCBN tools. The PCBN tools (CNMA 432, BN250 grade, 

Sumitomo carbide) with low cBN content (50–70% by 

volume) and TiN binder were selected for comparison. The 

BN250 grade was selected because low cBN content tools are 

known to give better performance for finish hard turning.  

3) Machining Parameters and Analytical Techniques 

a) Machining Parameters 

Previous studies have demonstrated that tools with low cBN 

content perform better in finish hard turning [10,11]. The 

cBN–TiN composite coating applied in this investigation 

contains 42–48% cBN (volumetric). Therefore, the 

machining parameters were determined in accordance with 

those recommended for low cBN content tools. We have 

noticed that a wide range of cutting speeds, feed rates, and 

depth of cut were used or suggested for finish hard turning by 

other research groups and tool manufactures [9–24]. 

Typically, when turning hardened steels (>45 HRC) with 

PCBN tools, the cutting speeds are between 80 and 200 

m/min, depending on the feed rate and depth of cut. To obtain 

an optimal window of cutting conditions for maximum tool 

life for cBN–TiN coated inserts, three levels of cutting speed 

and feed rate were selected . The depth of cut (DoC) was kept 

constant at 0.25 mm.  

m/c condition 
Speed 

(m/min) 

Feed rate 

(mm/min) 
No.of repetation 

1 100 0.10 4 

2 100 0.15 4 

3 100 0.20 4 

4 125 0.10 4 

5 125 0.15 4 

6 125 0.20 4 

7 150 0.10 4 
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B. Tool Wear Comparison 

Based on the machining results, cutting condition 5 (a cutting 

speed of 125 m/min, a feed rate of 0.15 mm/rev, and a depth 

of cut of 0.25 mm) was chosen for direct comparison with 

PCBN tipped inserts. At this cutting condition, the PCBN 

tipped tool yielded a tool life of about 32 min, at which point, 

while the flank wear was still below the selected tool wear 

criterion (Fig. 6), the machining test was stopped because the 

surface roughness values were higher than the threshold value 

(1.6 µm). A tool life of 18 min was achieved by the cBN–TiN 

coated inserts at this condition.  

 
A comparison of tool wear between cBN–TiN 

coated inserts and PCBN inserts (V = 125 m/min 

,F= 0.15 mm/rev, DoC = 0.25 mm). 

C. Surface Roughness of the Work piece 

Surface roughness is one of the important indicators of the 

surface integrity of machined parts. In this case, it also serves 

as the control criterion for tool failure. Typically, grinding or 

honing surface-finishing processes yield surfaces with a Ra in 

the range of 0.1–1.6µm, where 1.6µm is used as the control 

criterion for hard turning.  

Below Fig.shows the effect of feed rate on surface 

roughness was significant for feed rates higher than 0.15 

mm/rev, whereas surface roughness did not change at lower 

feed rates. The surface roughness values were almost 

identical for feed rates of 0.15–0.1 mm/rev. A marginal 

increase in roughness was observed because of the initiation 

of built-up edges (BUEs) as speed increases from 100 to125 

m/min, while a significant decrease in the roughness value   

was detected at a cutting speed of 150 m/min due to the 

disappearance of BUEs. For all machining tests, the Ra values 

observed were in the range of 0.3–1.3µm, indicating that this 

newly developed coating on carbide inserts is able to produce 

parts with surfaces equivalent to those resulting from 

grinding and other finishing processes.  

The surface roughness is usually correlated to tool 

wear. As machining time increases, tool sharpness 

deteriorates and leads to a degraded surface roughness. 

However, as seen from the surface plots, except for the lower 

feed rate of 0.1 mm/rev, the surface roughness values 

decrease with machining time, giving a better surface finish 

toward the end of tool life. To explain this behaviour, the 

theoretical values of surface rough ness for each condition 

was estimated and compared to actual surface roughness 

values. 

At feed rates of 0.15 and 0.2 mm/rev, the 

experimental surface roughness matched theoretical values in 

the beginning, but decreased below the theoretical values as 

the tool wore, thus yielding an improved surface. The 

improved surface finish is attributed to an effective flattening 

of the corner radius, which results from an increase in the 

worn flat on the flank of the tool. 

 
Fig. 8: Average surface roughness (cutting speed   150 

m/min). 

IV. RESULT 

Tool life differs based on the wear criterion selected. For 

finish hard turning, surface roughness is critical. According 

to standard ISO 3685, the time at which the tool ceases to 

produce a work piece of desired size and surface quality 

usually determines the end of useful tool life. In finish hard 

turning, the end of useful tool life is based on a predetermined 

deterioration level of the machined surface. In this study, the 

deterioration level was the surface roughness as set by 

conventional grinding processes (Ra = 1.6µm) [26]. To keep 

a consistent surface finish that is comparable to general 

grinding, Vbmax = 0.2 mm, instead of 0.6 mm, was chosen as 

the flank wear evaluation criterion. 
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V. CONCLUSION 

Hard turning experiments based on full factorial design of 

experiments with various cutting speeds and feed rates were 

carried out on hardened AISI 4340 steel (HRC = 53) using 

cBN–TiN coated inserts. The effect of cutting speed and feed 

rate on tool wear (tool life), surface roughness, and cutting 

forces, was analyzed using ANOVA techniques. The optimal 

machining conditions for cBN–TiN coated inserts were 

identified as a cutting speed of 100–125 m/min and a feed rate 

of 0.15–0.20 mm/rev, corresponding to a fixed depth of cut 

of 0.25 mm. The performance of cBN–TiN coated carbides 

inserts and commercially available PCBN inserts was 

compared in terms of tool wear, surface roughness, and 

cutting forces at cutting conditions of V = 125 m/min, F = 

0.15 mm/rev, and DoC = 0.25 mm. At these cutting 

conditions, the cBN–TiN coated carbide inserts demonstrated 

a tool life of approximately 18–20 min per cutting edge, 

whereas PCBN tools produced a tool life of 32 min. The 

surface roughness for the cBN–TiN coated inserts was below 

1.3 µm and showed a decreasing trend, while the PCBN tool 

gave a constant surface roughness value. The cutting forces 

for the cBN–TiN coated carbide inserts were slightly higher 

than those of the PCBN tools due to a slightly larger nose 

radius and a rough surface associated with the cBN–TiN 

coated inserts. A cost analysis, based on a single cutting edge, 

shows that the cBN–TiN coated carbide tools are capable of 

reducing machining costs, and, therefore, will be an important 

complement to PCBN compact tools for hard turning 

applications. 
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