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The quality of the surface layer of the parts directly affects the life cycle of these parts within machine components.
The required surface quality of parts can be secured when keeping a certain operational sequence. Each operation
in this sequence affects the final result due to the so-called technological heredity. This means that after each
operation it is necessary to achieve certain properties, such as maximum achievable microhardness of the ma-
chined surface and residual compressive stresses. This research aims to study the management of machined sur-
face quality after face milling of structural and stainless steels. The laboratory of the Department of Machining
and Assembly of the Technical University of Liberec has carried out tests to examine the effect of cutting modes
and tool wear on the microhardness of the machined surface after milling.
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1 Introduction

Machining processes induce plastic deformation un-
der the surface of machined components. The severe plas-
tic deformation creates alteration of microstructure and
residual stress in the subsurface of machined component.
Cutting conditions and tool wear have appreciable impact
on creation and redistribution of residual stresses in the
workpiece and also on microhardness of the processed
surface.

The problem is that it is not possible to determine mi-
crohardness after each technological process under differ-
ent processing conditions with the help of theoretical
methods; therefore it is necessary to experimentally iden-
tify microhardness alterations which depend on cutting
conditions after various technological processes. The fol-
lowing studies confirm that the world scientific commu-
nity is interested in studying the quality of the surface
layer after using various processing methods. So, for ex-
ample, the microhardness of the machined surface has
been experimentally determined after the turning of tita-
nium alloy Ti-6Al-4V [1], stainless steel ASTM A890-
Gro6A [2], and nickel alloy Inconel 718 [3]; after the mill-
ing of titanium alloy Ti6Al4V [4] and Inconel 718 [5];
after the drilling of nickel based superalloy RR1000 [6],
and after the drawing of steels AISI 1045, AISI 12114,
aluminium Al 7075, brass [7], and nickel alloy Inconel
718 [8].

This research is dedicated to determining the effect of
cutting modes and tool wear on the microhardness of the
surface layer after face milling of structural and stainless
steels in order to control the quality of the surface layer
in machine parts.

2 Experimental procedures

The experiments were carried out by face milling on
the milling machine FNG 32 with manual control [10,
11]. The cutter used for milling was a 63-diameter cutter
Narex 2460.12. Milling of the constraction steels

16MnCr5 (0.19% C; 0.4% Si; 1% Mn; 0.025% P; 0.035%
S; 1.1% Cr; 138 HB), C45 (0.45% C; 0.8% Mn; 0.37%
Si; 0.25% Cr; 0.3% Cu; 0.3% Ni; 0.04% P; 0.04% S; 220
HB) and the stainless steel X20Cr13 (0.25% C; 1% Si;
1.5% Mn; 0.04% P; 0.015% S; 14% Cr; 230 HB) was
performed with the cutting inserts SNUN 120412 of hard
alloy 8230 (P20-40) with coating by the company Pramet
Tools s. 1. 0. at a cutting speed of v. = 158-316 m/min for
16MnCr5 and C45, v. = 134-268 m/min for X20Crl3,
feed f2 = 0.025-0.04 mm/tooth, depth of cut a, = 0.05-0.5
mm. The experiments were carried out with one insert
fixed to the milling cutter.

Due to the complicated process of microhardness
measuring, it was not possible to determine the effect of
feed by more than 0.04 mm/tooth. As demonstrated in
Fig. 2, even at the feed of 0.05 mm/tooth the point of the
tool gets into the cavities.

The depth of cut was set manually and controlled by
an indicator at a scale of 0.002 mm.

For all machining experiments, 5% solution of water
and an emulsion concentrate Zubora Universal was pre-
pared. The cutting fluid concentration was controlled by
the refractometer Optech Brix RLC / ATC, characterized
by concentration measurement at a range of 0-18% and
accuracy of 0.1%.

Wear of the rear surface VB was measured by using a
Brinell Magnifier tool (magnification 24x, accuracy 0.05
mm) [11]. New cutting plates had a flank wear VB 0f 0.03
mm because they had a cutting edge radius 0.03 mm [13].
The flank wear VB of the new cutting plates was meas-
ured by microscope Carl Zeiss Jena with an accuracy of
0.01 mm.

Before each measurement of microhardness, 5 passes
were made under identical conditions. The measurements
were carried out using a Zwick 3212 tester on three spots,
as indicated in Fig. 2. Five measurements were taken at
each spot, after which the average microhardness of the
given surface was calculated on the basis of 15 measure-
ments.
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a) f-=0.025 mm/tooth
Fig. 1 Measuring the microhardness of the machined surface after face milling with different feeds fz (Magnifica-
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Fig. 2 Measuring diagram of the microhardness of ma-
chined surface after face milling

3 Experimental results and analysis
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Fig. 3 Effect of depth of cut a, on the microhardness of
the machined surface HV

The tests showed that increasing the depth of cut a, by
10 times, from 0.05 mm to 0.5 mm, when milling with
new cutting inserts (VB = 0.03 mm) led to an increase in
the microhardness of structural steel 16MnCr5 by 18%,
structural steel C45 by 26% and stainless steel X20Cr13

by 13% (Fig. 3a). After milling with worn cutting inserts
(VB = 0.44 mm), a similar 10-fold increase in the depth
of cut led to an increase in the microhardness of structural
steel 16MnCr5 by 16%, structural steel C45 by 26% and
stainless steel X20Cr13 by 6% (Fig. 3b).
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Fig. 4 Effect of feed f. on the microhardness of the ma-
chined surface HV

It was found that the increase in feed £ by 60%, from
0.025 mm/tooth to 0.04 mm/tooth, when milling with new
cutting inserts (VB = 0.03 mm) led to an increase in the
microhardness of structural steel 16MnCr5 by 9%, struc-
tural steel C45 by 20% and stainless steel X20Cr13 by
11% (Fig. 4a). After milling with worn cutting inserts
(VB =0.44 mm), a similar increase in feed by 60% led to
an increase in the microhardness of structural steel
16MnCr5 by 8%, structural steel C45 by 15% and stain-
less steel X20Cr13 by 3% (Fig. 4b).
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Fig. 5 Effect of cutting speed v. on the microhardness of
the machined surface HV

A 2-fold increase in the cutting speed of v., from
158 m/min to 316 m/min, led to an increase in the micro-
hardness of structural steel 16MnCr5 by 15%, structural
steel C45 by 3% after milling with new cutting inserts
(VB =0.03 mm) (Fig. 5a). A 2-fold increase in the cutting
speed of v., from 134 m/min to 268 m/min, led to an in-
crease in microhardness of stainless steel X20Cr13 by 5%
after milling with new cutting inserts (VB = 0.03 mm)
(Fig. 5a).
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Fig. 6 Effect of the VB tool wear on the microhardness
of the machined surface HV

After milling with worn cutting inserts (VB =
0.44 mm), a similar 2-fold increase in the cutting speed
led to an increase in the microhardness of structural steel
16MnCr5 by 13% and structural steel C45 by 5% (Fig.
5b). After milling with worn cutting inserts (VB =
0.44 mm), a similar increase in the cutting speed led to an
increase in the microhardness of stainless steel X20Cr13
by 13% (Fig. 5b).

The tests showed that the increase in the wear of the
cutting insert VB from 0.03 mm to 0.44 mm when milling
structural steels 16MnCr5 and C45 at the cutting speed of
ve = 316 m/min and milling stainless steel X20Cr13 at v,
= 268 m/min; f. = 0.025 mm/tooth; a, = 0.05 mm led to
an increase in the microhardness of structural steel
16MnCrS5 by 10%, structural steel C45 by 10% and stain-
less steel X20Cr13 by 12% (Fig. 6a).

A similar increase in the wear of the cutting insert VB
when milling structural steels 16MnCr5 and C45 at the
cutting speed of v. =316 m/min and milling stainless steel
X20Crl13 at v. = 268 m/min; £ = 0.025 mm/tooth; a, =
0.5 mm led to an increase in the microhardness of struc-
tural steel 16MnCr5 by 8%, structural steel C45 by 10%
and stainless steel X20Cr13 by 5% (Fig. 6b).

Increasing the wear of the cutting insert VB from
0.03 mm to 0.44 mm when milling structural steels
16MnCrS5 and C45 at the cutting speed of v. =316 m/min
and milling stainless steel X20Cr13 at v = 268 m/min; f-
= 0.04 mm/tooth; a, = 0.05 mm led to an increase in the
microhardness of structural steel 16MnCr5 by 10%,
structural steel C45 by 6% and stainless steel X20Cr13 by
3% (Fig. 6¢).

A similar increase in VB when milling structural
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steels 16MnCr5 and C45 at the cutting speed of v. =
158 m/min and stainless steel X20Crl3 at v, =
134 m/min; f: = 0.025 mm/tooth; a, = 0.05 mm led to an
increase in the microhardness of structural steel 16MnCr5
by 12%, structural steel C45 by 8% and stainless steel
X20Cr13 by 4% (Fig. 6d).

It should be noted that it is possible to simultaneously
increase the microhardness of the machined surface, both
by creating optimal cutting conditions and by using a
worn tool.

Thus, increasing the depth of cut a, by 10 times, from
0.05 mm to 0.5 mm, when milling with worn cutting in-
serts (VB = 0.44 mm) led to an increase in the microhard-
ness of structural steel 16MnCr5 by 28%, structural steel
C45 by 39% and stainless steel X20Cr13 by 18 % (Fig.
3).

It was found that the increase in feed £ by 60%, from
0.025 mm/tooth to 0.04 mm/tooth, when milling with
worn cutting inserts (VB = 0.44 mm) led to an increase in
the microhardness of structural steel 16MnCr5 by 19%,
structural steel C45 by 27% and stainless steel X20Cr13
by 15% (Fig. 4).

A 2-fold increase in cutting speed v, from 158 m/min
to 316 m/min, led to an increase in the microhardness of
structural steel 16MnCr5 by 27%, and of structural steel
C45 by 13% after milling with worn cutting inserts (VB
= 0.44 mm). A 2-fold increase in the cutting speed of v,
from 134 m/min to 268 m/min, led to an increase in the
microhardness of X20Crl3 stainless steel by 17% after
milling with worn cutting inserts (VB = 0.44 mm) (Fig.
5).

4 Conclusion

The conducted tests have demonstrated that one can
control the quality of the machined surface during face
milling of structural and stainless steels. It was found that
the increase in the depth of cut when milling with new
cutting inserts led to an increase in the microhardness of
steels by 18 - 23% and with worn cutting inserts by 6 —
26%. The increase in feed when milling with new cutting
inserts led to an increase in the microhardness by 9 — 11%
and with worn cutting inserts by 5 — 15%. The increase in
cutting speed when milling with new cutting inserts led
to an increase in the microhardness by 3 — 15% and with
worn cutting inserts by 5 — 13%. It means that it is possi-
ble to achieve a favourable increase in the microhardness
of the machined surface by changing the cutting modes
and by using a tool with an average wear.
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