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The article presents the influence of machining parameters on the microhardness of surface integrity (SI) after turning by means of a coated sintered carbide wedge with a coating with ceramic intermediate layer. The investigation
comprised the influence of cutting speed on the SI microhardness in dry machining. The material under investigation was duplex stainless steel with two-phase ferritic-austenitic structure. The results obtained allow for conclusions concerning the exploitation features of processed machine parts.
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INTRODUCTION
Among the methods of checking the properties of
materials being formed, the most often used ones are
hardness measurements. The wide use of hardness
measurements is due to the simple design of the devices
necessary to measure hardness, low labour consumption of the measurement, possibility of measurement
performing on relatively small samples or directly on
the ready-made object [1, 2]. It is an unquestioned advantage of the hardness measurements that, basing on
them, one can draw conclusions concerning of the mechanical properties. In microhardness tests, the plunger
is loaded with a force lower than 9,8 N. The application
of so small loads is due to the necessity of measuring
the hardness of the individual structural components of
alloys [3]. SI microhardness of metal parts influences
the exploitation features of the machined parts. Hardening of metal surfaces as the result of various forming
methods is due to excessive plastic deformation, as well
as to residual stresses [4, 5] and is an effect of surface
deformation. Hardening changes the exploitation features of parts during their operation, too, e.g. shafts or
air valves, hence checking machine parts hardness in
micro scale is necessary. Maximum hardness is the
hardness of material usually appearing near the machined surface. Hardening as result of cold work of the
surface layer depends on the machining conditions. All
the factors causing increase of the cutting force cause an
increase of hardening. Hardening is particularly influenced by the radius of the cutting edge rounding [6].
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Increase of the cutting edge rounding results from the
wedge blunting, which results in an increase of the surface roughness, too. Surface hardness checking is not
difficult in the case of metals with one-phase structure;
checking of parts made of two-phase materials, on the
other hand, requires manual selection of the measurement location. DSS belong to this kind of materials.
DSS with ferritic-austenitic structure are widely used in
industry. Good combination of their mechanical properties (high strength and crack resistance) as well as corrosion resistance result in that DSS is widely used, particularly in the oil, chemical industry, as well as in
power industry [7-10]. Two-phase DSS are considered
to be a hard-to- machine material. Build-up-edge and
unstable wedge wear often take place during the process of machining [11]. This deteriorates the quality of
the surfaces being machined and reduces the life of the
object under machining. In order to take advantage of
the two-phase microstructure properties, examination
of the machined surface quality is necessary. According
to Jang et al [12], SI is a measure of the machined surface quality and it is interpreted as a set of elements
describing both the structure of the surface and the one
under the surface. SI is usually defined by mechanical,
metallurgical, chemical and topological surface properties. It is particularly important in production of expensive machine parts of complex shapes. It is very important to check the steel microstructure, as well as its
physical and mechanical properties. According to [13],
in the case of materials with austenitic structure, plastic
deformation can cause transformation of austenite into
martensite. The process of turning with high cutting
speeds generates heat [14] and the temperature of the
material under machining in the cutting edge area may
rise as high as the temperature of transformation. Sasahara [15] has shown in his investigations of steel with
0,45 % C content, using cutting wedges of various corner radius values, that the hardness of the surface being
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machined increases with the reduction of the wedge
corner radius. Moreover, he has proved that the feed
does not influence hardness for the values between 0,05
and 0,4 mm/rev.

METHODOLOGY OF INVESTIGATION
The purpose of the paper is to present one of the
physical parameters of SI of ferritic-austenitic DSS after turning with coated sintered carbide wedges. SI microhardness measurements for various cutting speeds
have been presented and analysed. The examination
results have been presented separately for each of the
examined steel phases. The article presents also the
functions approximating the sets of microhardness
changing points together with their mathematical models. The material under processing was 1.4462 steel
(DIN EN 10088-1) with ferritic-austenitic structure
containing about 50 % of austenite. The technical data
of the cutting tool can be found in Table 1.
Table 1 Cutting tool specification
Tool
T1

Substrate
Hardness:

Others
Coatings: Ti(C,N) - (2 μm) (top layer)

1350 HV3

Al2O3 - (1,5 μm) (middle layer)

Grade:

TiN - (2 μm) (bottom layer)

M25, P35

Coating technique: CVD

The cutting tool with the geometry TNMG 160408
has been fixed in a clamping holder, MTGNL 2020-16.
Basing on the industrial recommendations and on the
conclusions from our own earlier investigations [16 –
18], the range of machining parameters has been selected: vc = 50 ÷ 150 m/min, f = 0,3 mm/rev, ap = 2 mm. The
tests have been performed under production conditions
on a numerically controlled lathe, FAMOT 400.
Microhardness measurements have been performed
in points located on a straight line from the turned sur-

a)

face into the depth of the material till a microhardness
value close to that of the tested sample has been obtained. Ferrite and austenite hardness were measured.
The first measurement point was at the distance of 1 to
10 μm from the surface, depending on the profile rise or
indentation. The next measurements were performed at
the depth of 25 μm and the subsequent ones every 50
μm. The microhardness measurements have been performed by microhardness tester MHV-2000. The plunger load has been in accordance with the standard PN-EN
ISO 6507-1. The time of load 10 s and plunger load of
0,49 N have been adopted during the tests. In order to
avoid mutual influence of indentations on each other,
the distances between two neighbouring indentation
centres should be at least three times larger than the average diagonal of an indentation.

SI MICROHARDNESS MEASUREMENT
RESULTS AND THEIR ANALYSIS
One of the major aspects of the investigation was the
determination of the correlation between the cutting
speed and the change of SI microhardness. The microhardness was measured separately for the individual
phases of DSS, i.e. for austenite and for ferrite. The
measurement results for three cutting speeds, separately
for the individual phases, are shown in Figure 1.
The distribution of SI microhardness, regardless of
the cutting speed vc was characterized by visible fluctuations. In Figure 1, the points represent average values of five measurements; confidence intervals have
also been marked. The analysis of so defined microhardness change curves is problematic. That is why
mathematical approximation of the set of experimental
points with 4th degree polynomial curves has been performed. The selection of this kind of function was determined by the acquisition high matching coefficient
R2, for all the tested sets. The shape of the appropriate
approximating functions can be seen in Figure 2. Math-

b)

Figure 1 Comparison of DSS microhardness for various cutting speeds as a function of the distance from the machined surface
measured for the grains of ferrite (a) and austenite (b) (f = 0,3 mm/rev, ap = 2 mm)
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a)

b)

Figure 2 The course of functions approximating the sets of microhardness change points as a function of the distance from the
material surface for various cutting speeds for ferrite (a) and for austenite (b) with f = 0,3 mm/rev, ap = 2 mm

ematical models of the individual curves are assembled
in Table 2, including the R2 coefficients.

HV0,05 = f(g)

HV0,05 = f(g)

vC = 100 m/min

HV0,05 = f(g)

HV0,05 = f(g)

vC = 150 m/min

vC = 50 m/min

vC = 100 m/min

HV0,05 = f(g)

vC = 150 m/min

vC = 50 m/min

Table 2 Mathematical models of functions approximating
the experimental points of SI measurement
(parameter g) of HV0,05 microhardness together
with the equations of the first degree derivatives

HV0,05 = f(g)

Ferrite
HV0,05 = 331,32 – 0,5493 · g + 3,143 10 -3 · g2 –
8,737 106 · g3 + 8,392 10 -9 · g4
R2 = 0,996
(HV0,05)´ = - 0,5493 + 6,286 10 -3 · g – 0,0262 10 -3
· g2 + 3,357 10 -8 · g3
Real root: 439,3391
HV0,05 = 298,596 – 0,310 · g + 2,143 10 -3 · g2 –
6,108 10 -6 · g3 + 5,653 10 -9 · g4
R2 = 0,951
(HV0,05)´ = - 0,310 + 4,286 10 -3 · g – 18,3 10 -6 · g2
+ 2,261 10 -8 · g3
Real root: 467,810; 175,297; 167,226
HV0,05 = 286,121 – 0,188 · g + 0,756 10 -3 · g2 –
1,395 10 -6 · g3 + 9,106 10 -10 · g4
R2 = 0,935
(HV0,05)´ = - 0,188 + 1,512 10 -3 · g – 4,2 10 -6 · g2 +
3,642 10 -9 · g3
Real root: 603,163
Austenite
HV0,05 = 352,603 – 0,593 · g + 2,749 10 -3 · g2 –
5,803 10 -6 · g3 + 4,388 10 -9 · g4
R2 = 0, 991
(HV0,05)´ = - 0,593 + 5,498 10 -3 · g – 17,4 10 -6 · g2
+ 1,755 10 -8 · g3
Real root: 501,991
HV0,05 = 321,37 – 0,348 · g + 2,008 10 -3 · g2 –
4,656 10 -6 · g3 + 3,615 10 -9 · g4
R2 = 0,946
(HV0,05)´ = - 0,348 + 4,017 10 -3 · g – 14,0 10 -6 · g2
+ 1,446 10 -8 · g3
Real root: 522,473; 277,245; 166,237
HV0,05 = 319,363 – 0,292 · g + 1,22 10 -3 · g2 –
2,319 10 -6 · g3 + 1,644 10 -9 · g4
R2 = 0,868
(HV0,05)´ = - 0,292 + 2,44 10 -3 · g – 7,0 10 -6 · g2 +
6,576 10 -9 · g3
Real root: 469,36

METALURGIJA 54 (2015) 1, 87-90

The determination of the mathematical functions of
approximation of the set of experimental points has allowed for performing a wider mathematical analysis.
An important technological criterion is the rate of microhardness changes as a function of the distance from
the machined material surface in relation to the cutting
speed. Those values for the individual curves can be determined on the basis of the first degree derivative. For
this reason, the corresponding equations of the derivatives have been shown in Table 2.
The determination of actual roots of the differential
equations has allowed us to find the ranges of the function monotonicity, i.e. whether HV0,05 gradient was decreasing or increasing. In fact, for almost all values of
cutting speed a gradient of uniform, monotonic shape
has been obtained. The single actual roots shown in Table 2 have comprised the distance ranges of about 430
– 600 μm, which corresponds to the depth SI location in
the machined material. Only for vc = 100 m/min, the
equations of the first degree derivatives have given 3
values of actual roots. This concerned both the shapes
determined for ferrite and austenite. Like in the case of
the other vc speeds, one of the roots has defined the extreme depth of SI. The two others were in the middle
part of the SI depth range. This means that, in the SI
depth under analysis, the characteristics of the gradient
function has changed (from drop to rise). However,
those values were of minor importance.
The results of analytical investigation have been assembled in Table 2. Two separate groups of functions
have been established for ferrite and austenite. The matching coefficient of the R2 polynomial has been stated and,
for the first degree derivative functions, the values of their
corresponding actual roots have been recorded.

CONCLUSIONS
– Cutting speed, as a parameter significantly determining the intensity of heat generated in the zone of
89
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machining, has a major influence on the distribution
of microhardness of the individual phases of duplex
steel in the area of the technological surface layer. A
significant drop of austenite and ferrite microhardness with the increase of vc has been observed.
– The way of performing experimental measurements
of HV0,05 microhardness determines their stochastic
character. For that reason, it is correct to apply mathematical procedures, mainly approximation functions, in order to obtain statistically acceptable
curves presenting the HV changes as a function of
the distance from the surface of the machined material.
– It is possible to assess the intensity of microhardness
changes in the machined material and its shape on
the basis of the equation of the first degree derivative of the function approximating the set of HV0,05
microhardness points obtained in the experiment.
– The cutting speed influences the depth of SI hardening. The depth of the hardened layer decreases with
the increase of vc. This observation can be practically used in planning the individual operations of
the technological process.
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