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Abstract - Surface roughness of any work piece is a significant parameter in any machining operation. Heat treated 
(annealed) tool embeds have developed fundamentally as a class of cutting devices, which are progressively being used in 
recent years. This theory considers the impact of the heat treated tool when compared to untreated (conventional) tool on the 
surface roughness in the machining operation of turning. Experimental values were done for the high carbon steel AISI 1045 
in view of its extraordinary applications in production and manufacturing industry. The various roughness parameters (Ra, 
RzD, R3z, Rq, Rt, Ra/Rq, Rq/Rt, Ra/Rt) are represented in Surface roughness. With heat treated tool and high feed rate, it is 
conceivable to acquire machined surfaces with roughness less than 0.8µm. Thus, it is likely to get surface finish in any work 
piece to get machining accuracy without grinding operations. 
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I. INTRODUCTION 

 

Surface roughness plays an important role in 

machining process to achieve good product quality. It 

quantifies the better surface texture irregularities. To 

achieving the better surface quality it is essential to 

maintain proper cutting parameters (cutting speed, 

feed and depth of cut) [1].In turning process, by 

improving properties of cutting tool it can obtain 
better surface finish. The cutting tool properties are 

increased by heat treatment process, coatings, adding 

alloys etc..PauloDavim[2]evaluatethe determination 

of optimal cutting conditions for surface finish 

obtained in turning using design of experiments. The 

goal was to build up a connection between's cutting 

feed, speed and depth of cut with the surface 

roughness parameters Ra and Rt, following the global 

standards. These connections were gotten by different 

linear regression. Lastly, some tests were performed 

to make an evaluation between the results from 
theoretical results and experimental 

results.I.Puertaset.al [3] presents about Surface 

roughness prediction by factorial design of 

experiments in turning processes. It represents, an 

advancement of models which permit to decide 

surface nature of parts got through turning operation 

is done by using surface methodology. To accomplish 

this, surface nature of a few parts produced through a 

material removal procedure, for example, turning will 

be examined by methods for utilizing profile 

rugosimeters. mostly, this will be finished by varying 
cutting conditions.İlhanAsiltürk[4] Determining the 

effect of cutting parameters on surface roughness in 

hard turning using the Taguchi method. This analysis 

concentrates on advanced tuning parameters which 

are dependent on taguchi technique to decrease 

surface roughness (Ra &Rz). By using L9 

symmetrical cluster in a CNC turning machine, some 

tests have been performed. Some turning tests are 

conducted in dry conditions on a hardened 

AISI4140(51HRC) workpiece using coated carbide 

cutting tool. the analysis of variance (ANOVA) and 

of signal to noise ratio (SNR) are the statistical 

methods applied to study the effects of feed rate, 

cutting speed and depth of cut on surface roughness. 

From the results of this study specified that feed rate 

plays a major role on Ra and Rz. Moreover, depth of 

cut and cutting speed also seems to be playing a 
major role on Ra and Rz.M.Nalbant and H.Gökkaya 

[5]presents an Application of Taguchi method in the 

optimization of cutting parameters for surface 

roughness in turning. Taguchi method is utilized to 

obtain the cutting parameters for surface parameters 

in turning operation.  Analysis of variance, 

orthogonal array and the signal-to-noise ratio are used 

to analyze the functional characteristics during 

turning operations on AISI 1030 steel work piece 

using TiN coated tools. Feed rate, tool nose radius, 

and depth of cut are the three cutting parameters are 
mainly influenced on surface roughness. 

YusufSahinA.[6] evaluate the Surface roughness 

model for machining mild steel with coated carbide 

tool. It represents a study of advancement of a surface 

roughness for turning of mild steel workpiece with 

coated carbide tools. Some Machining tests are 

performed by using TiN-coated carbide cutting tools 

in various cutting conditions. . First & and second-

order model calculations for surface roughness have 

been developed by using the experimental data. The 

developed equation demonstrates that the feed rate 
plays a major on the surface roughness. The surface 

roughness increases by increasing feed rate, decreases 

by increasing cutting speed and depth of cut 

respectively.J. PauloDavim[7] evaluate about 

Machinability in hard turning of cold work tool steel 

(D2) with ceramic tools using statistical techniques. 

In hard turning operation it is generally used without 

using coolant. An experimental analysis was carried 

https://www.sciencedirect.com/science/article/pii/S0924013603004072#!
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out with ceramic cutting tools, on composite alloys 

approximately (70%) of Al2O3 and (30%) of TiC, and 
perform a surface finish operations on cold steel tool 

D2 (AISI) which is heat treated to achieve hardness 

of 60 HRC.The numbers of tests have been carried 

out based on orthogonal arrays by turning operation 

with cutting parameters to achieve good 

machinability on cold steel tool. The test results 

demonstrates, proper cutting parameters are selected 

to attain proper surface roughness (Ra < 0.8 μm) 

which eliminates grinding operation.Y.Sahin[8] 

represents, Surface roughness model in machining 

hardened steel with cubic boron nitride cutting tool. 

The surface roughnes values are developed in terms 
of cutting parameters such as feed rate, Cutting speed 

and depth of cut by using surface methodology. Some 

machining tests were conducted on AISI 1050 

hardened steels by using cubic boron nitride (CBN) 

cutting tools under various conditions. When we 

conduct turning operation on steels, from the test 

results we are getting surface roughness parameters 

Ra, Rmax andRz. The results are suggested that the 

surface roughness is mainly increased with feed rate 

and decreased by increasing cutting speed and depth 

of cut.pankajkumarsahu et.al [9] present an . 

optimization of cutting parameters by turning 
operation in lathe.in this work the connection 

between changes in hardness caused on surface of the 

material due the turning for various machining 

parameters like feed,cutting speed and depth of cut. 

The experiment is conducted on aluminum workpiece 

by using Taguchi method. The primary factors have 

been calculated and the rate of percentage on various 

process parameters that affecting hardness is also 

determined. 

 

II. EXPERIMENTAL PROCEDURE 

 
The turning operation was conducted using a semi 

automated lathe 7.5KW machine. The bed length of 

the machine is 1830mm with centre height 185mm. 

The spindle speed ranges from 45 rpm to 2000 rpm. 

The tests were done on carbon steel AISI 1045 (207 

HB) pre arranged work pieces with six cuttings with a 

diameter across of 40 mm and a length of 250mm 

(Fig. 2), utilizing HSS conventional tool  with a 

radius of 0.4mm, 0.8mm and heat treated (annealed) 

tool with nose radius of 0.4mm and 0.8mm. 

 
Fig.1 Preparation of AISI 1045 work piece for turning operation 

 
The similar tests were conducted  by considering nine combinations of three cutting speeds(low, medium and 

high)and three feed rates (low, medium and high), as indicated by Table 1. During the experimentation, a steady 

depth of cut (doc) of 0.5 mm was maintained. The values of surface roughness are measured with instruments 

(as per ISO 4287/1) of talysurf, profilometer. 

 

Test V (m/min) f (mm/rev) 

1 300 0.03 

2 300 0.08 

3 300 0.12 

4 480 0.03 

5 480 0.08 

6 480 0.12 

7 750 0.03 

8 750 0.08 

9 750 0.12 
Table 1: Different Cutting parameters used for turning with ap = 0.5 mm (constant). 
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Fig.2Cutting parameter Ra is a function of (cutting speed and feed) for various cutting tool radius(0.4mm&0.8mm) and tool 

type(conventional and heat treated) 

 

 
Fig.3Cutting parameter RzD is a function of (cutting speed and feed) for various cutting tool radius(0.4mm&0.8mm) and tool 

type(conventional and heat treated) 

 

 
Fig.4Cutting parameter R3z is a function of (cutting speed and feed) for various cutting tool radius(0.4mm&0.8mm) and tool 

type(conventional and heat treated) 
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Fig.5Cutting parameter Rq is a function of (cutting speed and feed) for various cutting tool radius(0.4mm&0.8mm) and tool 

type(conventional and heat treated) 

 

III. RESULTS AND DISCUSSION 

 

Now a day’s tool geometry is effectively used for the improvement of better surface finish for machined parts at 

high feed rates and higher speeds to increase the productivity. 

The present work is carried on AISI 1045 (207 HB) by using different tools (conventional and heat treated) to 

get the required surface roughness parameters. These surface roughness parameters are mostly influenced by 

cutting parameters that is cutting speed and feed rate. 

 

 
Fig.6.Cutting parameter Rt is a function of (cutting speed and feed) for various cutting tool radius(0.4mm&0.8mm) and tool 

type(conventional and heat treated) 

 
Fig.2demonstrates that the roughness parameter Ra 

depends on cutting velocity. Cutting speed and feed 

rate for different types of tools (conventional and heat 

treated). While performing turning operation on 

workpiece at higher feed rates (0.12mm/rev)we can 

obtain higher values of Ra with conventional 

(untreated) type of tool. On the other side at lower 

feed rates (0.03mm/rev), obtained Ra values are 

similar for both the cases of tools. It is confirmed that 

the value of Ra is directly proportional to its feed and 

inversely proportional to its cutting speed. 
The proportion of Re/f gives a lesser value of Ra. 

Suppose that, Re=0.8mm, the obtained value of Ra is 

lessthan 0.8µm for machined surfaces. 

Fig.3-6 demonstrates that the roughness parameters 

(RzD, Rz, Rq, Rt) depends on cutting velocity. Cutting 

speed and feed rate) for various cutting tool radii (0.4 

and 0.8 mm) at different types of tools (conventional 

and heat treated). Surface roughness values increases 

by increasing feed rate and decreases by increasing 

cutting speed. Machined by turning operation at 

higher (0.12mm/rev) and lower (0.032mm/rev) feed 

rates we can obtain higher values of surface 

roughness by using conventional tool. From the 

experimental results, heat treated tool gives lower 
values of surface roughness when compared with 

conventional tool. 
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Fig.7K1=Ra/Rq is a function of (cutting speed and feed) for various cutting tool radius(0.4mm&0.8mm) and tool type(conventional 

and heat treated) 

 

From the theoretical equation, it is possible to get K3 (interms of Rat and Rtt) with the given expression: 

 

𝐾3 =
Rat

𝑅𝑡𝑡
=
𝑓2/32Re

𝑓2/8Re
=
8

32
= 0.25 

 

Fig.7, 8 and 9 indicates that, K1=Ra/Rq, K2=Rp/Rt and K3=Ra/Rtratios are depend on cutting speed and feed at 

various tool radius 0.4 and 0.8mm for different types of tools. From the fig8 and 9, in both the cases surface 

finishing is to be improved with heat treated tool only at both the nose radius. While consider the roughness 

parameter values for K1 and K2, heat treated tool gives lower values when compared with conventional tool. 

 

 
Fig.8K2=Rq/Rt is a function of (cutting speed and feed) for various cutting tool radius(0.4mm&0.8mm) and tool type(conventional 

and heat treated) 

 

 
Fig.9K3=Ra/Rt  is a function of (cutting speed and feed) for various cutting tool radius(0.4mm&0.8mm) and tool type(conventional 

and heat treated) 
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IV. CONCLUSION 

 
As a result of this research finally we can concluded 

that: 

 Machining with heat treated tool gives better 

surface finish when compared to machining with 

untreated (conventional)tool, at all feed rates. 

 As a result it is observed that, K1, K2 and K3 

roughness values are more while using 

conventional tool when compared to heat treated 

(annealed) tool. 

 Surface roughness is directly proportional to feed 

rate and inversely proportional to cutting speed 
and depth of cut. 

 The combination of heat treated tool with high 

feed rate (0.12mm/rev) yielded surface 

roughnessless than 0.8 µm. Therefore, it can be 

Concluded that machining with heat treated tool 

results in high accuracy, eliminating grinding 

operation. 
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