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Abstract— Since their appearance, machining
techniques have undergone multiple improvements. The
processes of shaping materials by removing material have
been constantly questioned in order to stay in step with
industrial requirements, whatever economic or ecological.
Today, the manufacturing engineer must therefore be able
to answer a multitude of questions in order to quickly
produce parts of the required quality and at low cost.
Hard turning is a process that can be described as
standard in a number of sectors such as the production of
bearing steel 100Cr6 chrome with a hardness of 62 RC,
but also turning auto parts steel chromium-manganese
cemented hardened gears as 27MnCrS a hardness of 62
RC. The technical and economic feasibility of machining
parts such harshness was made possible thanks to the use
of new tool materials with a very high hardness and high
chemical stability at high temperatures, such as cubic
boron nitride CBN, and with the arrival of new machine
tools with significant stability and high precision. Hard
turning allows today to produce high-quality surfaces from
competing in many cases, operations traditionally reserved
for rectification. High speed machining has also showed its
competitiveness in applications such as turning parts for
gearboxes and drivesystems in hardened materials. This
article is a contribution to the study of the integrity of the
machined surface in hard turning.
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1. INTRODUCTION

HE search for ever better productivity in metal cutting is a

major concern. This improvement is based more or less
directly on the in-depth study of the physical mechanisms and
laws governing this process. It is therefore an essential
objective; its interest cannot be overshadowed by the
development of new machining means or new control and
programming techniques even if these latter points also
participate in the development of high-speed manufacturing...,
new materials, increased demands imposed by new products
and increasing cost levels imply the implementation of new
production methods. More generally, rationalization efforts are
focused on reducing manufacturing times and improving
quality. These strategies call on several techniques which we
cite here increasing the speed of machining. The hard turning
allows today, to produce surfaces of very high quality coming
to compete, in many cases, operations traditionally reserved
for rectification. It is so current to end in roughness Ra, of the.
order of 0.2 microns and in dimensional quality precision 6.

The rectification has long been the main finishing
operation accepted for hardened steel. However, in the name
of reducing costs and increasing productivity, hard turning
increasingly replaces this operation. This technique reduced
the cost of removing parts grinding operations. Roughing and
finishing of parts on the same machine actually drastically
reduce downtime machine, machining time and in progress. It
was the advent of tools such as coated micro-grain carbides,
ceramic, cubic boron nitride and diamond that made the
industrial exploitation of this technology possible [1].
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The latter had relatively high performance in turning for
their substitution for rectification operations [2-4]. We can
also say that the hard turning is a promising process which
interests many industrialists for the advantages that it presents
from the point of view of productivity and flexibility. To
master the process and make profitable its industrial use, it is
necessary to study the integrity of the manufactured surface
state and the laws which govern its variation according to the
manufacturing parameters.

The selections of the cutting material as well as its
elements of the cutting regime are a delicate phase. Therefore
the experimenter is confronted with the choice of an
experiment plan allowing him to know the influence of
variables tested on the phenomenon studied and to propose the
elements necessary for the understanding of the elements of
the cutting regime on the holding and the surface finish
produced during the machining of the treated steel.

II. STATE OF SURFACE

The capacity of a piece in a given function depends on a
set of conditions; the surface state of a piece is going to
depend thus:

e Of its material.
e Of the mode of manufacturing.
e Of the surface treatment.

If we control with a machined surface profilometer, we
obtain a graph whose image is given by the figure below cons.
Deformations are of course very much enlarged.

These defects are equally distributed on the surface of both
sides of the line ox, we retain the most influential report on the
roughness: Ra. Consider a local cut of the perpendicular
machined surface to the grooves machining, see Fig.1.
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Fig. 1 Roughness criteria [5]

It has been shown that the cutting conditions used very
significantly affect the integrity of functional surfaces. There
are several factors that affect the quality and integrity of the
machined surface in hard turning. These factors can be
classified on the material of the work piece (hardness,
metallurgical properties ...) and cutting parameters.

The quality of the machined surface is affected by the
hardness and material properties [6, 7]. It is shown that the
surface roughness decreases with increasing hardness of the
piece, but this affects the hardness of life of the tool plate CBN
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[8].Cutting parameters have significant effects on the quality
of the surface obtained by hard turning, increasing the cutting
speed and the decrease of the advance can reduce roughness
and improve the quality of the surface.

Koenig investigated the effect of the edge geometry and
noted that a chamfered cutting edge alters roughness compared
to a sharp edge. Theile et al proved that the geometry of the
tool of the cutting tool has a very important impact on the
residual stress, a rounded edge favors the appearance of
compressive stresses [9]. On the other hand, the radius of the
tip of the tool has a considerable effect on the integrity of the
surface obtained. In fact, the roughness is inversely
proportional to the radius of the plate.

The cutting geometry is an interesting factor in the study of
the surface quality in hard turning given its influence on the
wear of the tool which affects the machined surface. The CBN
content influences the quality of the machined surface; in
general, a tool with a low CBN content (50 to 70% of boron
nitride) has better performance [10-12].

III. EXPERIMENTAL MODEL

We present in this section the experiment methodology and
the equipment used to study the evolution of the surface
obtained by hard turning of hardened steels.

In order to better understand the evolution of roughness,
two materials were tested. The specimens machined
material is highly alloyed steel according to french standard
NF A 35-590 (Table 1).

Table 1: Materials specimen

Machined materials
X100 CrMoV5
X155 CrMoV12

The hardening of the first steel is obtained by quenching at
940°C followed by tempering at 280°C in order to obtain a
hardness of 62 HRC, on the other hand for the second steel it
is obtained by oil quenching followed by an income at 400 ° C
which led to a hardness of 56 HRC slightly less hard than the
first material.

The cutting tool is formed of a triangular plate irreversible
titanium carbide coated type TNMG 16 04 08, and a tool
holder of 90 ° 20W3K10 SOGIMO designation has a
following geometry:

w =95 q=6°y=-06°

Cutting was performed without lubrication on a
conventional lathe brand "TOS TRENCIN" with a power of 6,
8 Kw, see Fig. 2 of hall technological Aboubekr Belkaid
University of Tlemcen.

In hard turning, machines that are extremely rigid,
powerful and accurate are recommended. Any weakness in the
machine tool system causes a faster degradation of the tool and
the surface. In general, a tour suitable for machining hard
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materials should have a certain number of characteristics seen
in previous chapters, the tower used proved sufficiently rigid
to identify the behavior of the tool. During testing we have not
observed the phenomenon of chatter, but few vibrations were
observed in higher chip sections.

In order to study the impact of different cutting
parameters, each test is repeated four times. The
procedure involves Table 2: Design of
experiments data

(a) factors first material
making passes Roughing varying cutting conditions and
measuring the value of roughness Ra. The principle of
measurement of the surface condition is the movement of a
probe on the work piece. The transverse displacement of the
tip determines the profile of the machined surface.

Fig. 2 Overview of machining

The adapted cutting conditions were chosen according to
the requirements and recommendations of Sandvik through
using the method of experimental design. Cutting speed Vc
(variable) (100, 150, 200 and 250) m / min
Feed rate f (variable) = (0.08, 0.1, 0.16 and 0.2) mm / rev
Depth of cut ap (variable) = (0.05, 0.1, 0.2 and 0.4) mm.

Experiment plans are excellent tools for structured
experimentation. Several authors have already used
experimental designs to solve manufacturing problems, in
particular to study the influence of cutting conditions on the
surface finish of parts, or on the life of the cutting tool.

The experimental design method makes it possible both to
reduce the number of trials, and to study a very large number
of factors, but also to detect possible interactions between
factors. We choose to apply this method to discover the effects
and interactions of different machining parameters on the
topography of machined surfaces without increasing the
number of tests.

The experience plan includes:

Input data which are the explanatoryvariables
variables): -

3

e V¢ (cutting speed), -
e ap (depth of cut), -
o f(feed).
Output data which are the variables explained (or
parameters: 2):
e Roughness (Ra), -
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¢ Cutting forces (Fx, Fy and Fz).

Table 2 gives the factors of the experimental design as
well as their levels.

Table 2: Design of experiments data

(a) factors first material

Level Factors
Cutting speed Feed f Depth of cut
(Vc m / min) (mm / rev) ap( mm)
+1 250 0.2 0.4
1 150 008 008
Level Factors
Cutting speed Feed Depth of cut
(Ve m / min) f (mm / rev) ap( mm)
+1 200 0.2 0.4
-1 100 0.08 0.05

20

(b) factors second material

IV. ROUGHNESS EXPERIMENTAL RESULTS

The results represented in the (Table 3) give the value of
the roughness for the two types of materials tested.

X1 = V¢ (m/min) = 100 and 250.
X2 = f (mm/rev) =0, 08 and 0, 2.

X3 =ap (mm) =0, 05 and 0, 4.

Table 3: Roughness values first machined material

(a) first machined material

N| X=1| %=f | X%=|Ra|Ra|Ra | R
Tet| Vo |(mme)| ap | (um)| (um) | (um) | (um)
(m (mm)
A
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(b)second machined material
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In order to be able to determine the mathematical model of
roughness, let’s use the results of the following (Table 4) taken
from the experimental designs using mathematical regression
and excel developed by relizane of university.

Table 4: Roughness mathematical
configuration
(a) configuration first material
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(b) configuration second materiel

L5515 s
0 ) A5 APaaE e Y fmy| § | T Il
%
ITL - 02 0% 043 | 03 (000033333 0345 |0.0001%11
AREEIEIEIBIREN! 03 02 015 [ 024 |0005233333 | 0243333 | 4 d4deB.09
ARIREEIRIRAEIN! 089 038 030 | 088 |0000233333| 0901667 |6 J444E-03
SVT T[T -L- 083 03 09 07 00201 08 | 00001
ARIEERRARBInI! 064 063 07 086 (0001033333 06 |0,00401111
ST [-Tf T -1 T[Tyl 04 04 048 | 045 |0,000533333| 0498333 | 0,002025
AR RE RN R 031 020 | 060 |0128133333| 0646667 |0.00187778
ARERERERERAARN! 056 07 056 [ 061 |0006533333) 0545 |000380278
1| 458 (0171833 0,01207
gntrez es donnez suivantes
N 8 me 3 = 1@
résultats
Ymoy= 0572

B ~ |7
N el Y vmy s | T Ly
e
IABIEIEINIRERE ! 033 032 03 033 | 333333603 | 0350833 | 0,00032403
HREEIRIBIRIRNA! 036 04 035 03 1E4 | 03725 000050625
BRI IREEI 08 087 086 086 00001 | 03825 |0,00030625
LARAR BN InInI e 09 14 04 088 00012 | 0904167 | 0,00032403
EREIRRRR I Bl 07 065 07 | 070 (333333605 | 0640833 | 0,003117%6
[ AREEIRNBIRIEIE 043 042 048 04 00003 | 0479167 | 8 4028E-05
RN RS EIRIRAE! 028 091 031 077 | 0,049633333| 0775833 | B AD2RE-03
ARERERERIRIRNA! 066 067 068 087 00001 | 0614167 | 0,00311736
T 502 | 00515 0,00858
entrez les donnez sui‘vantes | |
N= 8 m= 3 t= 168
résultats
Ymoy= 052715

0099166667
0

By exploiting the results of multiple linear regressions, we
can directly derive the global mathematical model of the
roughness for the two machined materials, considering only
the significant regression coefficients, it is written as follows.

21
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Rel = 0,57 = 0,0081 + 0,15X2 — 0,12X2X3

RaZ = 0.62 —0,03¥1 + 0,16X2
0.04X1X3 — 0,00X2X3

Let’s fix now alternately each input variable (X1, X2 and
X3) at its average value, and examine the impact this has on
the distribution of output (Ra) the mathematical model
becomes:

Ral(X2,X3)=0,57+0,15%2 — 0,12X2X3
Ral(X1,X3)=0.57 - 0.05X1
Ral(X1,X2) =057 -0,05%1 +0,15%2
Ra2(X2,X3)=0,62+0,16X2 — 0,09X2X3
Ra2(X1,X3)=0,62—-0,03%1 —0,04¥1X3

Ra?2(X1.X2) =062+ 0,03¥1 +0,16X2

Now, let’s replace each variable by its tru scale, the final
mathematical model is written as follows:
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Ral(f.,ap) =057+ 0,15f — 0.12f.p
Ral{Vc,ap) =057 —0,05Vc
Ral(Vec,a) = 0,57 — 0,05Vc + 0.15a
Ra2(f.ap) =062 + 0,16X2 — 0,00X2X3
Ra2(Vec,ap) =0,62 — 0,03X1 — 0,04¥1X3

Ra2(Ve,f)=10,62+003%1 + 0,16X2

To facilitate data analysis, a number of curves have been
drawn to better understand the variation in roughness as a
function of the different variables (Cutting speed, Feed speed
and Depth of pass), from the reduced mathematical model to
two dimensions and three dimensions by Surfer software
which allows curves to be produced from a digital model. This
software allows we to create grids that will interpolate
irregular data from points X1, X2, X3 in order to order them.

Now plot the curves defining features of the variation in
roughness for different cutting parameters (cutting speed,
feed rate and depth pass).
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Fig. 3 Evolution of the roughness of the first material function of the feed rate and depth of cut
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Fig. 4 Evolution of the roughness of the first material function of the cutting speed and depth of cut

Fig. 5 Evolution of the roughness of the first material function of the cutting speed and feed rate
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Fig.7 Evolution of the roughness of the second material function of the cutting speed and depth of cut
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Fig. 8 Evolution of the roughness of the second material function of the cutting speed and feed rate

the sample to be measured. Measuring these parameters makes
it possible to monitor and determine, in certain cases, the
V. DEGRADATION OF TOOLS optimal machining conditions[13].

The manifestation of the wear of the cutting tools and its
assessment criteria are linked to measurable quantities called
KT, KM, VB, HBUE and VKT, introduced in this analysis to
better assess the evolution of wear of the tool, see Fig.4. These
quantities are determined from binocular magnifying glass
macrographies or surface topographies by confocal wide area
roughness meter also called “optical roughness meter”.

In our work, it should only be noted that this type of
roughness meter uses so-called optical probes which have the
advantage of making measurements without direct contact with

KT
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Fig. 9 Crater topography 3D (Vc = 500 m/min, f= 0,1 mm/tr
and ap = 1,1 mm)

In all the results which relate more specifically to the
quantification of platelet wear, a feed speed f=0.1 mm / rev, a
cutting depth ap = 1.1 mm and a cutting speed between 150
and 500 m / min are considered. This choice is guided by the
fact that the cutting speed is one of the most influential
parameters on efforts, as shown by the results of other authors.
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Of plus, regardless of the cutting speed, the distance from the
slip is the same for all tests.

CONCLUSIONS

Curves drawn by surfing show that only the cutting speed
and feed speed have a significant impact on the roughness
against by the depth of cut has almost no effect, as can be seen
on Fig. 4, as well as on the global mathematical model to Egs.
(1) - (2), the two formulas do not contain the variable depth of
cut, this will explain the no effect of depth of cut on the
surface state, we can say as a synthesis

that:

The average roughness obtained by hard turning for both
machined materials remains below tol micron, which supports
our bibliographic search.

Interpretation, of Fig.5 shows that the surface roughness
decreases linearly with the cutting speed and feed rate, while
the Fig.4, shows that the surface roughness decreases with
increasing cutting speed without any influence of the depth of
cut.

The shape of the curve Fig. 7, shows that for a cutting
speed equal to 200 m / min roughness remains constant and
equal to 0.62 micron for all depths tested passing, we also note
that the roughness always remains constant and equal to 0.62
micron for values password included between 0.05 and 0.14
mm

The results obtained in the above Figures converge with
the behavior of the physical phenomenon of metal cutting. The
roughness decreases with increasing cutting speed and
decreases with the decrease of the speed of advance.

When considering a confidence interval of 90% to draw
the graphs of the evolution of the roughness, the depth of cut
has virtually no influence on the evolution of the roughness.

The roughness seems to be a decreasing function of the
cutting speed; the results also indicate that this roughness is an
increasing function of the feed rate.

Analysis of the results also shows as well
that the value of the roughness obtained by hard
turning is comparable to that obtained by
grinding, except that the machining is done on
the same machine which influences wisely
machining cycle.

Low cutting speed causes a tearing of
material, it creates deep grooves, so a poor
surface, just avoid cutting speeds important
because the machining system becomes unstable
and causes degradation of the surface of the
work piece.

From the perspective of the economy dry
machining is no coolant is used and therefore no
waste must be eliminated.
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