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Introduction

A value of roughness is one of an assessment
criterion of the quality of a machined surface of
billets. Decreasing of the roughness value of the
machined surface of the metal billet is provided by
decreasing of a feed and increasing of a rotational
speed of the billet (a cutting tool), high rigidity of the
technological equipment and other factors. However,
compliance with these requirements leads to
decreasing of processing performance and increasing
of manufacturing cost of a part.

End milling is used to obtaining on the surfaces
of the machined billet of open and closed grooves,

Doi: éros¥ef https://dx.doi.org/10.15863/TAS.2019.08.76.27

complex contours and other elements. A milling
process is intermittent, since the tool has several
cutting blades of a characteristic geometry. When
milling, microwaves are formed on the machined
surface of the billet, which are equidistant from each
other at the distance equal to the mill feed per a tooth
[1 - 10]. High rigidity of the metal billet is necessary
when high-speed milling, since at its oscillation occur
additional processing errors of the surfaces.

A choice of the optimal milling modes of the
billet by performing of a multifactor experiment in
production and laboratory conditions will reduce the
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roughness value of the machined surfaces without
decreasing of processing performance.

Materials and methods

Milling of the open grooves on an aluminium
plate was carried out on the milling machine with
numerical control "DMC 635V Ecoline". Machining
was carried out by the end mills with the diameter of
10 mm, which were made of high-speed steel and
cemented carbide. The production experiment
consisted of 8 tests. The milling modes were changed
in each test in accordance with the planning matrix of
the full factorial experiment of the type 2°. The milling
modes were adopted at the lower and upper levels: the
cutting depth t — 0.5 and 3 mm; the rotational speed of
the mill n — 2000 and 10000 rpm; the billet feed s —
300 and 1500 m/min. Mechanical processing of the
billet was performed when supply of the cutting fluid
"ECOCOOL 68 CF3" under pressure. The quality of
the machined surfaces of the aluminium billet was
researched and presented graphically on the
metallurgical microscope "4XB".

Results and discussion

The images of the machined surfaces of the billet
at 100 times magnification were obtained on the
metallurgical microscope. The normals along the base
length of the machined surfaces of the billet were
drawn by special options of the microscope software.
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The obtained data of the surfaces roughness values
were transformed into graphs. The graphic images of
roughness of the machined surfaces of the billet after
performing of eight tests of the experiment are
presented in the Fig. 1 — 8.

The base length was 2600 pm on which
roughness of the machined surface was measured. The
maximal measurement range of roughness of the
machined surfaces was 0 — 250 pm. Let us compare
influence of the different values of the cutting modes
when milling on the value of roughness of the
machined surfaces of the billet. Almost the same value
and orientation of the surface roughness were
determined when processing by the high-speed and
carbide mills on the third (t = 0.5 mm, n = 10000 rpm,
s =300 m/min) and eighth (t = 3 mm, n = 10000 rpm,
s = 1500 m/min) tests of the multifactor experiment.
Thus, material of the cutting tool and changing of the
cutting depth and the billet feed at the constant high
rotational speed of the mill does not significantly
affect the range spread of the roughness values of the
machined surface of the billet. However, the maximal
errors were determined on the surface machined with
the carbide mill after performing of the second test (t
=3 mm, n=2000 rpm, s = 300 m/min). The roughness
value of the machined surface of the billet decreases
by 25% at t = 3 mm. This recommendation is valid for
the minimal and maximal values of the rotational
speed of the high-speed mill and the billet feed.
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Figure 1 — The graphical presentation of the surface roughness after performing of the first test:
A —the end mill made of high-speed steel; B — the end mill made of cemented carbide
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Figure 2 — The graphical presentation of the surface roughness after performing of the second test:
A — the end mill made of high-speed steel; B — the end mill made of cemented carbide.
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Figure 3 — The graphical presentation of the surface roughness after performing of the third test:
A the end mill made of high-speed steel; B — the end miII made of cemented carbide.
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Figure 4 — The graphical presentation of the surface roughness after performing of the fourth test:
A — the end mill made of high-speed steel; B — the end mill made of cemented carbide.
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Figure 5 — The graphical presentation of the surface roughness after performing of the fifth test:
A —the end mill made of high speed steel; B — the end mill made of cemented carbide.
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Figure 6 — The graphical presentation of the surface roughness after performing of the sixth test:
A — the end mill made of high-speed steel; B — the end mill made of cemented carbide.
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Figure 7 — The graphical presentation of the surface roughness after performing of the seventh test:
A — the end mill made of high-speed steel; B — the end mill made of cemented carbide.
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Figure 8 — The graphical presentation of the surface roughness after performing of the eighth test:
A — the end mill made of high-speed steel; B — the end mill made of cemented carbide.

Thus, for the minimal error of the profile and
decreasing of roughness of the machined surface of
the aluminium billet is recommended to use the
following most optimal milling modes: t=3 mm, n =
10000 rpm, s = 300 m/min.

Conclusion

On the basis of the obtained images of roughness
of the machined surfaces of the aluminium billet by
milling, the following conclusions can be drawn:

1. The maximal value of the cutting depth,
adopted when performing of the multifactor
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