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Abstract: Hard turning is the widely used metal cutting process that reduces the workpiece diameter to create
a smooth surface of the workpiece. This process with a wiper geometry tool has these advantages over the
conventional machining process, which follows the grinding process later. The present study attempts to
critically review investigations into forces coming and temperature raised during cutting, and surface roughness
when cutting hardened steel. Previous studies have provided a lot of precious data. Still, some restrictions can
be noted. To gain a thorough understanding of hard turning, the cutting characteristics of some different
appropriate tool materials could be assessed. Further study is needed to focus on the properties encountered in
hard cutting at higher cutting speeds. The tool nose radius is an important parameter in determining surface
finish, but little research varies this parameter and the hardness and tool nose radius are combined to vary.
Keywords: Hard turning, cutting parameter, cutting forces, Tool, Surface roughness

1. Introduction

Hard turning is the process of machining parts with a single point tool with 45 HRC and higher hardness.
Typically, parts with hard turning have hardness varying between 58 to 68 HRC [1]. The hardness level and its
depth can define the approach towards the machining of hardened steel (if the case is hardened). The process of
hard turning is similar to traditional turning in which introducing this method into the typical plant surroundings
can be accomplished with comparatively least operational changes, once the right fundamentals have been
introduced [2]. This process is achieved by use of different cutting inserts made from Cubic Boron Nitride,
ceramic, or Cermet [3]. The major advantage of using this process is the ability to contour and create intricate
shapes with the intrinsic mobility of contemporary machine tools. Properly configured machine and tool can lead
to good applications of this process. In various industrial applications, CBN tools are the leading alternative. On
the other hand, cermet and ceramics also play a good role in such processes [4-5]. The area of application for hard
turning can be very different, with hard turning serving as a grinding replacement process at one end of the process
spectrum and can also be efficient for pre-grinding processes. The charisma of the process lies in the act figures
[6]. This process is a technology-determined development that needs certain machine tools, workpiece holding,
process, and tool performance characteristics. When the hard turning process is used for intricate part
manufacturing, the costs for the same can be minimized by 30% [7]. The U.S. industries took advantage of this
process for profits of up to $ 6 billion annually (Huang, Chou & Liang, 2007).

Heat treatment of components such as gears, axles, clutch discs, etc. improves the microstructure along
with properties like hardness, strength and toughness [8]. After the heat treatment process, the steel components
expand through heating and cooling. These enlarged components need to be reformed to the required dimensions.
This is usually done by grinding. With hard turning, machining is much faster than with the grinding process [9].
This process is an established process in the industry for finishing a wide variety of hardened steel work pieces.
It is estimated that the cost of grinding is much higher than that of hard turning. This process can constantly
maintain a tolerance of +/- 0.010 mm and can attain a surface quality of lower than 0.3 microns [10-11]. Despite
the obvious advantages, hard turning is rarely used to make precision workpieces.
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2. Recent work On Hard turning

Tugrul Ozelet. Al. (2005) chipped away at the surface completion and powers of AISI H13 steel
subsequent to solidifying for getting the impacts of calculation of front line, hardness, cutting velocity, and feed.
The through-solidified AISI H13 material was utilized to investigate a CNC machine with a TNM 433 instrument.
Speed feed and hardness were spotted while the profundity of cut for machining kept perpetual [12]. The creator
considered the effect of hardness of work, the calculation of cutting, shaft speed and feed on a superficial level
unpleasantness and the subsequent powers during hard turning of AISI H13 were assessed. It has been tracked
down that the effect of previously mentioned boundaries on the unpleasantness of the surface are huge. The power
segments are influenced by cutting velocity, hardness of work and edge calculation of hardware [13]. The
substandard surface hardness of the workpiece and the little edge span prompted lesser unrelated and outspread
powers. Dilbag Singh and P. Venkateswara Rao (2006) made a portrayal for anticipating the surface harshness
for hard turning. In his work, for the material AISI 52100, the effect of math of hardware and states of cutting on
surface harshness was assessed tentatively [14]. The preliminaries of all tests were performed on high-exactness
machines. Changed fired additions made of aluminium oxide and titanium carbonatite were taken as cutting
devices [15]. This work uncovers that cutting pace, nose range and feed are basic factors in getting surface
completion. The surface completion is less influenced by the compelling rake point however it is more influenced
by the joined effect of powerful rake point and nose range. Different techniques like reaction surface were used
for fostering the numerical models for boundary-like surface unpleasantness. J. Paulo Davim and Lui's Figueira
(2007) chipped away at the evaluation of the machinability of hard turning of cold work steel with clay instruments
by number juggling techniques. In this examination, different boundaries like hardness, speed, profundity of cut
and feed rate were assessed. Feed and speed have fluctuated and hardness and profundity of cut kept consistent
[16-17]. It just so happens, apparatus wear is firmly influenced by slicing speed and to a lesser degree with the
cutting time. The stream rate significantly affects the explicit cutting pressing factor. The cutting time and feed
rate have some control over surface harshness. Anirban Bhattacharya et al. (2008) chipped away at AlISI 1045
steel high-velocity machining. He got the reason for cutting boundaries on surface harshness and force burned-
through. He utilized Taguchi plan for DOE and ANOVA. The fast machining of material with covered hard metal
apparatuses was analyzed [18]. This assessment was finished utilizing joined ANOVA and symmetrical
arrangement for getting the effect of the profundity of cut, feed, and speed on power utilization and surface
completion. The result showed a significant reason for the cutting pace on a superficial level of completion and
force utilization, though different factors didn't fundamentally impact the reactions [19]. Jenn-Tsong Horng et al.
(2008) analyzed evaluation of Hadfield steel material machinability during hard turning with an instrument of
artistic blended AI203/TiC identified with response surface technique. During this work, a few tests were
performed to assess Hadfield steel material machinability in hard turning. The cutting instrument referenced
comprises around 70% AI203 and 30% TiC [20]. The creator has attempted to foster model for evaluation of
machinability utilizing the RSM while machining Hadfield steel. The assessment of different boundaries like
apparatus nose range, feed, profundity of cut, and speed of cutting is accomplished for acquiring joined effect
dependent on execution attributes of surface harshness and flank wear, were analyzed. The result of the study
demonstrate that the flank wear is primarily inclined by the cutting velocity and the connection impact of the feed
speed with the nose range of the device and that the cutting pace and the device corner sweep have factual worry
for the surface unpleasantness [21]. The greatest settings of the machining boundaries considered in this
investigation brought about decline in flank wear of 9.25% and surface unpleasantness of 8.74%. W. Grzesik
(2009) analyzed the wear development on cleaning Al203-TiC changed clay instruments for the term of hard
machining of high-strength steel. The info factors chosen were cutting profundity, feed, speed, and hardness [22].
The extinguished solidified material AISI 5140 having dia. 75 mm and a length of 150 mm was taken for turning.
The device-embedded CNGA 120408 was utilized for turning. The evaluation of the fired apparatuses utilized
uncovered that in this investigation a substantial wear of the smoothing focal point of the wiper point just as a
genuinely even wear of the rake and flank faces were analyzed [23]. The material stores on burrs and furrows
have an equal development, yet disparate satisfied components, normally Ti and Al. VV.N. Gaitonde et al. (2009)
chipped away at machinability reads for hard turning of AISI D2 steel with unadventurous and artistic additions.
This investigation examines the impact of time for machining and profundity of cut on machinability boundaries
like surface unpleasantness, machining power, execution, cutting power, and instrument wear utilizing numerical
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models when turning AISI D2 steel with high chromium-fired supplements GC6050WH, CC650WG and CC650
[24-25]. The parametric investigation shows that the CC650WG embed performs unrivalled as far as apparatus
wear and surface completion, while the ordinary CC650 embed is useful for limiting explicit cutting power, power
and machining power. Khaider Bouacha, Mohamed Athmane Yallese and Jean-Francois Rigal (2010) chipped
away at the math examination of cutting powers and surface harshness utilizing the response surface strategy with
CBN device for hard turning of AISI 52100 steel. In this exploration profundity of cut, feed, and speed hardness
were taken as information boundaries, with hardness kept consistent. The extinguished solidified material AlISI
52100 was chosen for probes a 6.6 kW machine with the supplement SNGN 120408 T01020 [26]. The
fundamental targets are at first to analyze apparatus wear and the improvement of power conduct in contrast with
varieties in eliminating velocity of position and hardness. Second, the relationship among profundity of cut, feed
rate, cutting rate and machining yield boundaries cutting powers and surface harshness. The result of this work
was that the hardness of the material being machined plays a vital part in the dissimilarity of the cutting powers
than the speed of cutting [27]. The cutting profundity additionally shows a more noteworthy control on the cutting
powers than speed and feed rate. Kishawy, Lei Pang, and M. Balazinski (2011) were occupied with the
demonstration of hardware wear while utilizing self-impelled turning instruments. They utilized profundity of cut,
feed, speed, and hardness as info factors to dissect their impact on the advancement of side wear. 10 HP CNC
machine is utilized with programmed pivoting devices for AISI 4340 turning. The breadth of the solidified pole
is 80 to 100 mm, and the turning length is kept up at 200 mm. In the current work, an endeavour was ready to
evaluate the presentation of self-moved turning carbide apparatuses in working solidified steel, and the
advancement of hardware wear at various time stretches was recorded [28]. A genetic calculation was created to
distinguish the constants in the model. The examination of real and anticipated side wear shows that the set-up
model can gauge the pace of movement of side wear of pivoting apparatuses. Ilhan Asiltirk and Harun Akkus
(2011) zeroed in on utilizing the Taguchi technique to set up the effect of boundaries identified with cutting on
surface harshness in course of hard turning. The point of this exploration is to enhance the boundaries of turning
measures by utilizing the Taguchi strategy to reduce the surface harshness [29]. The DOE was finished with L9
symmetrical clusters. The experimentation was done on a CNC machine. The dry turning assessment was
performed on solidified AISI 4140 grade steel having hardness 51 HRC. Covered carbide apparatuses were
utilized. The arithmetical strategy for signal-to-commotion proportion and ANOVA are utilized to consider the
impact of speed, profundity of cut, and cutting rate on surface completion [30]. The aftereffect of this work showed
that the feed rate maximumly affects Rz and Ra. The communication of the two components of feed speed-
profundity of cutting rate and cutting rate found huge. The created portrayal can be used in the machining business
to choose the ideal cutting boundaries with the base surface unpleasantness [31]. Mind Grzesik and Krzysztof Zak
(2012) concentrated on changing the surface completion framed by hard turning through super completing and
sanding measures. They took speed, feed and profundity of cut as information boundaries. The material hardness
taken was 60+1 HRC. The extinguished solidified 41Cr4 material was utilized in the investigation to break down
the surface completion. For this situation, the hard turning surface is made of regular wiper sharp edges. The vital
goal of this examination is to concentrate on how grating and non-expulsion hardware tasks can change the 2D
and 3D unpleasantness boundaries and further develop the help execution of the machined surface [32]. It has
been tracked down that both super-completing and cleaning tasks take into consideration smoother surfaces with
more unfortunate surface harshness and unrivalled bearing boundaries. R. Suresh, et al. (2012) examined the hard
turning of AlISI 4340 grade steel with multi-facet carbide apparatuses. They changed the speed, cutting profundity,
and feed rate to keep the hardness consistent [33]. Trial with AISI 4340 solidified steel. 22kw CNC is used for
turning along with PCLNL2525 M12 additions to zero in on the handling power, power, surface completion and
wear of hardware. The width of the pole is taken at 100mm and the length is kept at 400 mm [34]. The assessment
of the outcomes shows that the best mixture of high velocity, low profundity of cut and low feed rate is beneficial
to decrease the machining power. To limit the exact cutting power, an unrivalled feed rate is required. As the
cutting pace and feed rate increment, the machining limit and cutting device wear increment straightly. The
combination of high cutting pace and low feed speed is needed to limit surface harshness esteem [35]. K. Aslantas,
et al. (2012) examined the wear system and life of hardware of turned and uncoated half-and-half artistic
AI203/TiCN devices in turning of the solidified composite steel. They fluctuated the feed rate and speed to assess
instrument life and wear systems. AlISI 52100 was turned on a 10-kilowatt machine with covered and uncoated
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instruments. Here, the cutting execution of unfeeling steel is evaluated by estimating the instrument wear, the
apparatus life and the surface completion of the task. The wear component and example of ceramic additions
during hard turning of AISI 52100 materials are introduced [36]. According to the results gathered, in uncoated
instruments, chipping and cracking kinds of harm are more normal, while in TiN-covered devices, pit wear is
normal.

3. Materials for Hard Turning tooling

The material advancement of cutting apparatuses is one of the for the most part essentials in the course
of cutting of metal, and its trademark has consistently been to further develop the wear obstruction of artificially
responsive, harder or harder materials for machining. For instance, very hard materials like CBN and ceramics
are one of the vital elements for making hard turning innovation substitute to ordinary interaction like crushing.
Along these lines, the relationship between the mechanical, actual properties of materials and the presentation of
it for cutting is a significant worry for clients and the creation of hardware [37]. Aslan (2005) examined the wear
exercises of exceptional cutting devices in the Cr12 X210 cold work apparatus end factory, such as CBN Hybrid
earthenware production, Al203 + TiCN, and TiAIN cermet. The steel is solidified to 62 HRC. His exploration
results show that the presentation of TiAIN-covered established cermet and carbide apparatuses is to some degree
more prevalent than that of TiCN-covered solidified instruments, which can be credited to the further developed
raised temperature execution of TiAlNas analyzed toTiCN. Moreover, it was seen that CBN devices uncovered
the most brilliant cutting qualities in requirements of finish on surface and flank wear [38]. The most extreme
metal evacuation was accomplished with these apparatuses. Arsecularatne et al. (2006) tended to the apparatus
life and wear of tungsten carbide devices when machining AISI 1045 and AISI 4142 steel, just as the machining
cycle of AISI 52100 and PCBN cutting device life and wear of hardware. The end drawn from their exploration
is that the significant instrument wear mechanical assembly of WC is dispersion, while the principal device wear
of PCBN is compound wear [39]. Lima et al. (2007) led a test that identified with consistent diverting with various
apparatuses from carbide. The investigation assessed the machining power, wear component and apparatus life.
Their examination result showed that the machining power constituent ascents as the hardness of the functioning
material ascents, yet the slicing power part diminishes somewhat as the functioning hardness increments between
above range [40]. Likewise, contrasted with machining a workpiece having a hardness of 250HV steel, while
machining a section having a hardness of 345HV, device wear is lower. At long last, it was seen that wear was
the fundamental cataclysmic disappointment and wear system happened when attempting to machine 525 HV.
Hwang and Lee (2010) assessed the qualities of cutting. The qualities examined are profundity of cut, apparatus
nose distance across, feed and cutting rate which are affecting the cutting power and surface harshness of AlSI
1045 steel. The investigation was led with the assistance of covered carbide embeds under wet turning conditions.
The assessment uncovered that the profundity of cut and cutting pace showed the opposite impact on cutting
power. Thus, it was suggested that cutting can ideally joined the boundaries rely upon the machinability [41].
Moreover, cutting pace and profundity showed opposite consequences for the boundaries referenced and these
boundaries are thought about too. The boundaries are recognized for choosing measure conditions alongside
measure. Earthenware production is fit for withstanding temperatures above 1500°C without substance breaking
down. These capacities suggested utilizing them for metal handling under dry machining conditions and raised
cutting velocities. These are principally identified with Sialon, alumina, and silicon nitride. Alumina contains
chromium or zirconium oxides, magnesium, and titanium, similarly scattered in the alumina medium to improve
sturdiness (Davim, 2011).

A few investigations were led to gain proficiency with the outcome of this interaction on different fired
instruments. Luo et al. (1999) uncovered the wear conduct of CBN apparatuses and ceramics while turning hard
steel. From their exploration, it is tracked down that the essential wear strategy for CBN is that the envelope
material is worn with the workpiece, while the artistic apparatuses are worn by the cover and grating. They
additionally saw that a guarded covering is made on the limit of hardware that has a basic occupation in the wear
execution of ceramic and CBN instruments [42]. Kumar et al. (2003) examined EN 24 steel with hardness going
from 40 to 45 HRC for machinability. From their examination, it is tracked down that ceramic instruments perform
well in the preparation of artistic apparatuses which can create the best completion. Zhao et al. (2010) considered
the disappointment mode and cutting show of hardware materials hardened by WC particles and TiCn particles
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during unremitting and exchanging turning. The exploration showed that the cutting pace of earthenware
instruments is expanded to 170 m/min for expanding the device life. It was seen that the instrument life of these
devices was longer, which was attributed to its synergistic escalation/hardening system brought about by WC
particles and TiCn particles [43]. Aside from above examinations, significantly more trial assessments were
performed to contemplate the conduct and attributes of PCBN and CBN apparatuses in the preparation of hard
materials. Oliveira et al. (2009) determined the presentation of alumina-based and PCBN ceramics hardened with
silicon carbide instruments through consistent and discontinuous turning with 56 HRC for material AISI 4340
steel. Their exploration results show that the utilization of PCBN in steady turning can accomplish the best
apparatus life, yet the utilization of PCBN and ceramic broken turning can accomplish comparative device life.
Also, when utilizing PCBN devices, both nonstop and irregular surfaces have low unpleasantness esteems.

Sahin (2009) differed in the presentation of the apparatus and it was seen that the exhibition of CBN
cutting devices is more acceptable than artistic-based cutting instruments. Poulachon et al. (2001) tested an
assortment of wear and harm methods for PCBN apparatuses in AIS1 52100 steel under various burden conditions
during the going cycle to make a predictable wear model. It was tracked down that the apparatus PCBN covered
with TiN can further develop wear by limiting scattering wear between the work and the rake face, consequently
further developing instrument life [44]. Diniz et al. (2003) noticed the impact of speed in 3 distinct conditions:
least oil volume, cutting in wet conditions and dry cutting that is, the impact of MVO with an oil stream rate of
10 ml/h. Creation and assembling Research: AISI 52100 Open Access Journal in Hardened Steel Turning 29.
Their outcomes showed that more often than not during dry cutting and MVO cutting, the comparable worth of
side wear was constantly lesser than the worth gathered in wet cutting. It was seen that the greatest cutting pace
under these conditions can limit the unpleasant esteem [45]. Poulachon et al. (2003) considered the microstructure
of different solidified instrument preparations. It was additionally examined PCBN cutting instrument wear during
dry turning. It was seen enormous contrasts in the wear conduct of hardware while machining these materials
[46]. Benga and Abrao (2003) chipped away at the cutting exhibition of chromium steel with hardness shifting
from 62 to 64 HRC which is solidified under dry turning with the assistance of fluctuated alumina, PCBN embeds,
and stubble improved alumina. As far as the existence of the device, it accomplished the most phenomenal results
with PCBN conservative spaces, trailed by changed alumina apparatuses [47]. Poulachon et al. (2004)
contemplated the wear execution of hardware with instruments in the completing of solidified prepared
arrangements handled under the hardness of around 54 HRC. It was seen huge contrasts in the wear conduct of
hardware while machining these prepared materials. It was seen that the created side sections of the instrument
are identified with the carbide substance of the workpiece. Aside from this, it was led to a sinkhole wear perusing,
in which it was found the development of a cement third corpse, which might cause wear [48]. Kurt and Seker
(2005) exhibited that chamfering hugely affects device stress and cutting power. Contingent upon work conveyed,
it was cultivated that the basic chamfer point is 20° while finishing AISI 52100 bearing steel hard turning measure.

4. Summary and Discussion

Hard machining, together with hard turning, is extensively utilized in many developed organizations like
the ball bearing, die, gear, and automotive industries because of its several benefits over conventional methods
depending on the finished grinding process after the workpiece has been heat treated. This expertise technique has
a gigantic prospective to process extremely hard materials to make almost reticulated works and to add to a large
level of sustainable production. Recently, this expertise technique has piqued the consideration and attention of
investigators. As a result, huge research activities have been performed and the study revealed that are obtainable
in the prose. This review has provided the general idea mostly focused on the turning of hardened steels utilized
in the ball bearing, gear, automotive, and mold-making factories.

After analyzing the literature, it is determined that the parameters, depth of cut, feed, and speed are very
important and effective. Almost all research has these three parameters. Hardness plays an extremely essential
role in the decision on tool life, surface finish, and total cost, so it is selected. The tool nose radius is an important
parameter when deciding on the surface finish, but the least research papers show variations in this parameter. In
only a few papers, the hardness and the tool nose radius are varied in combination. The proper heat treatment
process is not explained in most publications. The hardness of steel can be increased by the deposition of carbon,
nitrogen, or both on the steel surface. The time it takes to carburize has more of an impact on the hardness of steel.
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These processes raise the hardness of steel only on the surface and the core remains soft, which increases
toughness. Hard turning can replace the grinding process in some applications and result in higher profits. Or it
can be successfully utilized as a preliminary process for grinding when a super finish is required.

5. Conclusion
The study and evaluation of the process of hard turning reveal some important points listed below,

e The hard turning can replace the grinding process in some applications and lead to a higher profit. Or
it can be effectively used as a pre-sanding operation when a super finish is required.

e More study is required to spotlight the properties that occur at elevated cutting speeds.

e There is extensive work being done on materials such as cold work steel, AISI 52100, AISI 4140,
AISI 4340 and fewer studies on EN steel.

e The tool nose radius is an important parameter in deciding on the surface finish, but little research
varies this parameter and the hardness and tool nose radius are varied in combination.
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