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Abstract
The present study is an attempt of an experimental investigation 
on the machinability of bearing steels by face turning method. This 
study finds its usefulness in economic machining solution to fulfill 
the local objectives of knowing, in advance, the machinability  
of selected bearing steel material of grade AISI-52100/EN-31. 
The face turning method makes use of cylindrical ring shaped 
steel specimen as test pieces for testing the machinability of the 
steels. Two similar bearing grade steel material but with slightly 
different in chemical composition has been undertaken for the 
purpose of machinability studies by face turning method. The 
critical number of cutting passes up to flank wear of 0.3mm, 
tool wear development, tool life studies and surface finish, were 
the criteria for checking technical effectivity of the face turning 
method. The tests are being carried according to the guidelines 
laid in the international standard ISO 3685:1993E, tool life 
testing with single point turning tools. The results presented here 
demonstrate the ability of the face turning method to differentiate 
the machinability of two bearing steels having a slight change in 
their chemical composition. The face turning method is simple, 
easy and highlights the effetely and sensitivity.
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I. Introduction
Machinability is a general term used to indicate that how easily 
a material can be machined to the size, shape and desired surface 
finish. The term machinability is often applied to work materials to 
describe their machining properties; it can have several meanings 
depending on the cutting process under consideration. 
According to (Boothroyd.G 1965), when it is stated that material A 
is more machinable than material B, this can mean that a lower tool-
wear rate is obtained with material A, or a better surface finish can be 
achieved with material A, or that less power is required to machine 
material A. Since these parameters for assessing machinability 
are subject to numerous variables such as tool material and 
geometry, cutting conditions, and so forth, it is not surprising that 
machinability is a difficult concept to reduce to quantitative terms. 
The search for this material property which would indicate how 
machinable a material is, has eluded investigators for years. Thus, 
a simple and accurate definition of this property has not evolved, 
and a unit of machinability is not available. It should be noted that 
any statement regarding machinability may only apply under the 
particular set of circumstances existing when the observation was 
made. For example, under a given set of conditions a better surface 
finish may be obtained with material A than material B; however, 
under another set of conditions, say with a different tool material, 
the situation may be reversed. To complicate the situation further, 
if a certain group of materials is placed in order of machinability 
on a tool-wear basis, they may be placed in a different order if the 
surface finish or power-consumption criterion were to be applied. 
These objectives are not necessarily compatible hence; there is 
no single conclusive method of determining the machinabilities 
of work-piece materials.

In determining machinability, several criterions are used. It is 
determined from life of the cutting tool i.e, how long a cutting 
tool perform its functions properly under definite conditions, or 
from the cutting speed at which metal is machined satisfactorily 
for a definite period, generally selected as 60 min. Other criterion 
for machinability is the power requirement for successing definite 
cutting operation under specified conditions. In order to calculate 
the power requirement, forces produced during cutting are 
measured with special devices called dynamometers. All these 
methods are used in determination of the machinability properties 
of metals however, mostly used criterion is the tool life thus it 
gives very accurate results if performed under carefully planned 
conditions. The major disadvantage of this method is that it is a 
time and money consuming approach. In order to decrease these 
disadvantages, accelerated tests are also used but when these tests 
are applied, wear mechanism changes due to very high cutting 
speeds and reliability of the test results somewhat decreases.

II. Literature Review
(Salak.A 2006) Presented a short time face turning as a new method 
for machinability testing of PM steels, using common ring shaped 
test specimens and performed at constant revolutions of the lathe. 
This method represents a contemporary interrupted-cut method 
(tool entry–exit).Such a machining mode is frequent in powder 
metallurgy.
(J. Yan 2010) proposed tool wear control in diamond turning of 
high-strength mold materials by means of tool swingingA tool-
swinging method was proposed to reduce tool wear in diamond 
turning of high-strength mold materials. A round-nosed diamond 
tool was swung by rotating the B-axis rotary table of themachine, 
the center of which was aligned with the tool center. The tool-
decentering error was detected and compensated for by an on-
machine measurement system. The effects of tool-swinging 
direction, swinging speed, lubricant type, and tool rake angle were 
investigated. The tool wear was greatly reduced compared to the 
conventional method. A surface finish of 4 nm Ra was obtained 
on reaction-bonded silicon carbide by generating continuous 
chips..
(Patil 2010) made investigation in tool life of coated and uncoated 
carbide tools in turning The performance of Carbide tools was 
studied to investigate the tool life and wear behavior at various 
machining parameters. Coated and uncoated carbide tools were 
used in turning tool steel AISI D2 bar with hardness of 25 
HRC. 
(Elso Kuljanic 2010) investigates machinability of difficult 
machining materials. The assessment of the machinability rating 
of an engineering material is a fundamental activity to increase the 
productivity and decrease the machining cost. It is also necessary 
to optimize materials selection in design of mechanical parts. 
However, it is not a simple task to summarize chemical, mechanical 
and tribological properties in simple statistical parameters and 
therefore a more reliable solution is to make machining tests. 
(Karin BJÖRKEBORN 2008) critically discussed the ranking of 
materials by their machinability applying a short-term test. For 
case hardening steel, the relationship between microstructure and 
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machinability is investigated. To be able to determine the influence 
of morphology, i.e. grain size, phase distribution and interlamellar 
spacing in pearlite, homogeneous material is required. 
(D.G. Thakur 2009) made an experimental investigation on the 
machinability of superalloy, Inconel 718, during high speed turning 
using tungsten carbide insert (K20) tool. The effect of machining 
parameters on the cutting force, specific cutting pressure, cutting 
temperature, tool wear and surface finish criteria were investigated 
during the experimentation. The machining parameters have been 
optimized by measuring forces. 
The present approach and results will be helpful for understanding 
the machinability of Inconel 718 during high speed turning for 
the manufacturing engineers.
Cutting speed and tool life directly affect productivity, which 
relates to cost. Optimizing either factor will lower customer’s cost 
of production. The relationship between tool life and cutting speed 
is inversely proportional meaning that as cutting speed increases 
tool life decreases. No one customer has the same requirements 
for tool life. One may want to maximize the life of the tool and 
another may want to cut as fast as possible and not worry about 
how many times the tool has to be changed. 
Here for the purpose of study the first two objectives have been 
taken in to consideration.

IV. Experimental Methodology
The methodology adapted to full fill the objectives laid earlier 
are discussed ahead. Face turning of AISI 52100/EN31 as work 
material has been undertaken a by uncoated triangular insert, P30. 
The test method is in accordance with some of the guidelines 
specified in ISO- 3685:1993.

Principle of the “tool-life” face turning test method used in carbon 
steel machining

Experimental set-up for face turning operation

A. Workpiece Material
The workmaterial used here is a standard bearing steel having 
an equivalent grade of America and Britain as SAE/AISI 52100 
and EN31 respectively. The hot rolled workpiece of ø100mm was 
premachined to ø98mm to remove hard scales, hot rolled skin and 
unevenness on the peripheral and end surface of the as received 
material. The premachining work also ensures proper cylindricity, 
concentricity and run-out to prevent vibration. Then a drill of ø6 
mm was made at the center along the axis of the work material to 
facilitate the entry of the tool at the beginning of every pass. 

B. Tool Material
A hard metal P-30, triangular uncoated, carbide insert is used 
for cutting the above workpiece material with a general purpose 
ISO tool holder CTLPR2020L16. The hardness of tool insert is 
88 HRA.

C. Surface Roughness Testing Using MITUTOYO Surf Test 
SJ-301
Roughness average value of machined surface for each set of 
conditions was measured by using portable type Mitutoyo Surface 
roughness tester SJ301. The Surf test SJ-301 is a shop-floor type 
surface-roughness measuring instrument, which traces the surfaces 
of various machine parts, calculates their surface roughness based 
on roughness standards, and displays the results. The operation 
principle of surface roughness measurement of the SJ-301 is 
explained as follows:
A pick-up (stylus) attached to the detector unit of the SJ-301will 
trace the minute irregularities of the work piece surface. The 
vertical stylus displacement during the trace is processed and 
digitally displayed on the liquid crystal display of the SJ-301. 
Fig. 6.7 shows an operating principle of SJ-301 and figure 6.8 
shows the Mitutoyo Surface roughness tester SJ-301 instrument. 
Evaluating length of 4 mm is considered.

Operating principle of SJ-301

V. Results and Discussions

A. Machinability of Sample-I and Sample-II
The results show the sensitivity of the applied face turning test 
method to slight variation in the chemical composition of the two 
steels used. The effect of the differences in carbon, manganese and 
chromium is revealed in the tool wear development figures. At 197 
m/min (640 rpm), the tool life criterion for Sample-I and Sample-
II is 40 minutes and 20 minutes respectively. Further at 246 m/
min (800 rpm), the tool life criterion for Sample-I and Sample-II 
is 14 minutes and 9 minutes respectively. Thus machinability of 
Sample-I is better than Sample-II (Rajshekhar Lalbondre 2012). 
In a nut shell the wear mechanisms here in face turning operation 
confirms with the traditional longitudinal turning.
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(a) Tool Wear Development recorded periodically while machining  
Sample-II 
(b) Flank wear images of the tool after reaching wear criterion 
(0.3 mm) on machining  Sample-II  at  constant lathe spindle 
revolution of 123 m/min, 197 m/min, 246 m/min (400 rpm, 640 
rpm, and 800 rpm)  (from top to bottom)
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(a). Tool Wear Development recorded periodically while machining  
Sample-II 
(b). Flank wear images of the tool after reaching wear criterion 
(0.3 mm) on machining  Sample-II  at  constant lathe spindle 
revolution of 123 m/min, 197 m/min, 246 m/min (400 rpm, 640 
rpm, and 800 rpm)  (from top to bottom)

VI. Conclusion
The following results are presented from the experimental 
study.

The Face turning method presented here for evaluating • 
the machinability studies of bearing steels represent the 
contemporary machining involving interrupted cuts.
Development of tool wear for the two work materials is in • 
line with traditional machining methods, viz, initial wear, 
steady state wear, and accelerated wear.
The time taken for development of each wear for different • 
speeds is also in line with traditional turning process.
The tool life equation or Taylor line for each of the speed is • 
reputable and reproducible
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The machinability of Sample-I is better than Sample-II.• 
The face turning method demonstrated good sensitivity even • 
for slight change in the percentage of chemical compositions 
of carbon, manganese, and chromium in bearing steels.
The cutting time for testing these two specimens was hardly • 

25 min which justifies this method as short time method.
The face turning method is easy and simple. It fulfills many • 
of the criteria for the characterization of the machinability 
for the given cutting conditions. 
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