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ANALYSIS OF THE CHANGE IN ROUGHNESS ON A FACE-MILLED
SURFACE MEASURED EVERY 45° DIRECTION TO THE FEED

Abstract. In this article, we analyze the difference (inhomogeneity) of the roughness values measured
on a nonalloy carbon steel surface milled with a parallelogram-shaped (kr = 90°) insert as a function of
the the tool movement direction and the relative position of the examining points on the workpiece
surface. The characteristic distribution of roughness and the magnitude of the deviations were
examined by measuring at selected points along several planes on a surface characterized by the
movement conditions of the workpiece and the symmetrically arranged tool perpendicular to the
machined surface, which formed double milling marks. The selected points mark the lines with specified
inclinations with respect to the feed direction, and their measured values were compared. In these
directions, the magnitude of the difference in roughness measures was obtained.
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1 INTRODUCTION

Face milling is one of the most widely used methods in the industry for
machining flat surfaces, due to its high productivity, the high quality surface available
and the wide use of the parts machined in this way. One of the conditions for achieving
good quality is to create a topography that meets the operational requirements.

For cutting with a tool having defined edge geometry, a periodic topography is
obtained, while for a cutting with an abrasive tool, a random topography is created. The
theoretical impression of a tool edge having defined geometry is determined by the
cutting edge angles and the magnitude of the feed rate used, measured in the tool
reference plane. The more complex the motion conditions are (and the more the chip
cross-section changes) in the chip removal, the more varied the theoretical profile will
be, so it is justified to analyze the surface topography and explore its characteristics.

Various surface textures are created under different geometric and kinematic
conditions, for which the standard ANSI Y14.36-1978 [1] also shows an example.
Unlike those examples a more complex topography is created with face milling. This
was analyzed by Kundrédk and Felh6 using a method based on CAD modeling [2],
showing how to determine the roughness characteristics of the theoretical surface of
a tool having defined edge geometry and the possibility of estimating and designing
the desired roughness values. The significance lays in the fact that the theoretical
roughness values of the face milled surface can be determined in directions other
than the feed, as well as at any point on the surface. By using this, it was shown by
measurements at three different locations that the roughness of the face milled
surface varies from position to position [3].
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In another of their articles [4] they described a method for describing the
relationship between theoretical and experimental roughness indices using a defined
edge geometry tool (stationary and rotary tool).

Felho et al. [5] presented an analytical model and a test method for inserts with
two different edge geometries to estimate surface roughness values in advance.

Arizmendi et al. developed another method for creating face milling surface
topographic models. In one of their articles [6] the model was developed by analytical
prediction of surface topography. This allows simulation analysis of roughness profiles
created in different planes of the workpiece surface.

The values of experimentally determined roughness parameters are influenced by
several factors in addition to the determinate characteristics of the theoretical values,
the effect of which is widely studied. Chuchala et al. [7] studied the effect of the depth
of cut and the number of passes on the roughness on an aluminum alloy, which was
measured symmetrically arranged along the path of the milling tool axis. There was a
difference in the nature of the changes in the values of the 2D and 3D roughness
parameters. Furthermore, it was found that the average values of the roughness
parameters were the highest on the surface part produced by down-milling.

Pham et al. [8] examined the contact length between the tool edge and the chip,
the amplitude of the workpiece vibration, and the average roughness in face milling
with a carbide insert on A6061 aluminum alloy. The results showed that the contact
length, the degree of vibration and with it the roughness decreased with increasing
cutting speed, while they increased with increasing feed rate and depth of cut.

Gocke [9] studied the effect of cutting speed and feed on surface roughness and
tool wear in the face milling of martensitic stainless steel. It was found that the
roughness is mainly affected by the feed and the wear by the cutting speed. Their
intensity and nature differed for different inserts.

Bruni et al. [10] analyzed the effect of the lubrication-cooling condition on the
roughness on stainless steel, considering the cutting time. It was found that in the case
of wet cutting and MQL technique, the roughness decreased with time, while in the
case of dry machining it increased slightly.

Sai et al. [11] optimized the cutting parameters to achieve the least roughness in
up-face milling, during which the optimal cutting speed was determined.

Pimenov et al. [12] studied the effect of the relative position of the workpiece and
the milling tool on the surface roughness. It was found that from the machined surface
having an up-milled dominant part to a down-milled overwhelming part, the roughness
measured in the direction of the feed rate showed a gradual increase.

The above analysis also shows that the theoretical and the real roughness values
measured on the topographies of the machined surfaces may be different due to
additional factors influencing the cutting process. Our goal in face milling is to explore
the difference in roughness values measured at different points on the surface, in other
words, the roughness inhomogeneity of the surface. This was previously addressed by

30



ISSN 2078-7405 Cutting & Tools in Technological System, 2021, Edition 95

Nagy and Kundrak [13], where the change in roughness of the face milled surface was
investigated by roughness measurements parallel to and perpendicular to the feed
direction. In experiments it was shown that the values of the roughness parameters on
the surface vary depending on the measurement direction and location. In symmetrical
milling, the roughness values were influenced by which side of the symmetry plane the
cutting takes place on. The difference was explained by the effect of up- and down-
milling.

In this paper, we deal with the analysis of roughness values measured at points
fitted to lines parallel to the feed direction and at 45° or 90° to the direction of feed.

2 EXPERIMENTAL AND MEASUREMENT CONDITIONS

2.1 EXPERIMENTAL CONDITIONS

Machine tool: Perfectlet MCV-M8 vertical milling center

Workpiece material: normalized C45 unalloyed steel

Machined surface geometry: 58 mm width, 50 mm length

Cutting tool: Sandvik R252.44-080027-15M face milling head (D: = 80 mm)

Cutting insert: one Sandvik R215.44-15T308M-WL parallelogram-shaped
coated carbide insert (i = 90°, yo = 0°, 0o = 11°, r; = 0.8 mm)

Cooling-lubrication: with dry cutting conditions

Cutting strategy: The surface was machined to its full width with a
symmetrical setting. The edge of the tool with an axis perpendicular to the milled
surface formed double milling marks on the surface, thus the front-cutting and
back-cutting edge traces were also visible.

Cutting data: the cutting speed was v = 300 m/min, the feed rate per tooth
was f; = 0.3 mm/tooth, the depth of cut was a, = 0.8 mm
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Figure 1 — Analysis system of surface inhomogeneity (a),
the specimen and the measuring probe (b)
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2.2 ROUGHNESS MEASUREMENT CONDITIONS

Measuring equipment: AltiSurf 520 three-dimensional surface topography
measuring instrument, using a confocal chromatic probe (Fig. 1b)

Evaluation software: AltiMap Premium

Measurement strategy: Measuring points were recorded on an area of
40x40 mm? on the machined surface so that the corresponding points designate
defined examining planes. The position of the planes relative to the feed direction
is shown in Fig. 1a and the positions of the points are given in Table 1, where the
zero point is fitted to A3 = B3 = C3 = D3 = 3. Accordingly, line A is the symmetry
plane of the surface, where the tool axis moves in the feed direction, and the other
planes are rotated at a defined angle from A (B - 45°, C - 90°, D - 135°). At each
point, the roughness was measured parallel to and perpendicular to the feed
direction according to the requirements of 1SO 4287:1997; the measurement length
was 4 mm, and the cut-off length was 0.8 mm.

Table 1 — Positions of measurement points

Point X [mm] Y [mm] Point X [mm] Y [mm]
Al -20 0 C1 0 -20
A2 -10 0 c2 0 -10

3 0 0 C4 0 10
A4 10 0 C5 0 20
A5 20 0 D1 20 -20
B1 -20 -20 D2 10 -10
B2 -10 -10 D4 -10 10
B4 10 10 D5 -20 20
B5 20 20

3 RESULTS

After milling the surface, the values of the roughness parameters were
measured at the given points. Arithmetic mean roughness Ra and maximum height
of profile Rz parameters are reported (the most commonly used parameters in the
industry of the indices defined in ISO 4287). The measurements were repeated
three times at each point, and the results described in Table 2 give their arithmetic
mean.

R=(SL,Ri)/n  (i=a32) (0
The values are summarized in Table 2 to correspond with the evaluation.

Thus, the numbering of the measuring points, except for plane A, reflects the
direction of the front-cutting movement of the tool edge in the workpiece. The
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calculation of the average values over the whole surface is given by Equation (1),
where j = [... n is the number of measuring points. Their results are Ra = 1.154 pm,
R, =15.275 um.

Table 2 — Roughness values in the marked direction planes

Ra [um] Rz [Jm]
No.\Plane A B C D A B C D
1 1.10 1.56 153 | 1.50 4,94 6.84 6.77 6.50
2 1.09 1.35 1.33 | 1.31 4.69 5.99 5.86 5.64
3 1.13 1.13 1.13 | 1.13 4.83 4.83 4.83 4.83
4 1.05 0.77 0.83 | 0.79 4.64 4.38 4,75 4.38
5 1.01 1.06 1.13 | 1.02 4.66 5.42 5.36 5.01

4 DISCUSSION

The deviations of the values obtained at the measurement points from the
total average are analyzed as given in Equation (2), where j = I... n is the number
of measuring points. These are summarized in Table 3. The deviation values are
plotted in bar graphs (Fig. 2) to assist in the evaluation method.

!_'IRE-ZREJ—RE' (i=ﬂ,,2) (2)

Regarding the values of the deviations, it can be said that the parameters R, and
R, show the same nature for a given plane. Since the values in the planes B and D,
which are symmetric to plane C, have nearly the same values at the same point number,
it can be concluded that one direction is sufficient to be chosen in order to characterize
the roughness of the surface in the 45° direction with minimal deviations.

Table 3 — Deviations of roughness values from total average values

ARa [um] ARz [pum]
No.\Plane A B C D A B C D
1 -0.06 0.40 0.37 0.35 -0.33 1.56 1.50 1.23
2 -0.06 0.19 0.18 0.16 -0.59 0.71 0.59 0.36
3 -0.02 -0.02 -0.02 -0.02 -0.45 -0.45 -0.45 -0.45
4 -0.10 -0.39 -0.32 -0.36 -0.63 -0.89 -0.53 -0.89
5 -0.15 -0.09 -0.02 -0.14 -0.62 0.15 0.09 -0.27

The deviation values are scattered between R, = -0.39...0.4 pm and
R;=-0.89...1.56 um, which mean significant (70% and 47%, respectively)
differences. Values in plane A are close to average (the highest differences from it
are R, = 0.15 um, R, = 0.63 um), for the other planes, the values from the average
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are higher at points 1, 2 on the entry side, close to it in the middle 3 points, and
smaller at point 4 on the exit side. Within a plane, the variance of the values is
maximal in plane B (ARa = 0.79 um, AR, = 2.45 pum). The least deviations can be
found within plane A (ARa = 0.13 pm, AR; = 0.3 um), in the other directions there
are differences close to the maximum. Thus, it can be concluded that large
variations in the measured roughness values are expected in any examining plane
with an angle other than the direction parallel to the feed.

Roughness [um] 1 m2 3 =4 5 Roughness [pum] al a2 3 S84 5

0.5 - 2.0

04 ARa ARz
0.3
0.2
0.1
0.0
-0.1
-0.2

Figure 2 — Magnitude of the differences in roughn ess values
in the examining planes

A relative increase in the values of point 4 is observed when the angle of the
examining plane is closer to plane C. In each plane maximal roughness values are
found in point 1 on the entry side (all the points of plane A are fitted to the
symmetry plane, so now this is an exception), and with getting further from it,
towards the exit side of the surface a decrease can be observed. However, the
location of the minimum values is not on the far exit side (at point 5). In each plane
except A it is found that the roughness values continuously decrease in the
direction of points 1 to 4, and then on the far exit side at point 5 they increase to
values that are close to the average. Also, on the entry side, the values of points 1
and 2 increase the total average, while points 3 and 4 decrease it. Based on the
latter, it can be said that the values of the amplitude roughness parameters are
higher on the entry side, where there is up-milling, than on the exit side, where
down-milling occurs.

For the values of all points with the same number, it can be seen that if planes
with angle « > (° are considered, they have almost the same value. The common
characteristic is that the points with the given number are at the same distance from
the plane of symmetry. In this regard, it can be stated that the roughness values of a
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measuring point — for the parameters R, and R, — are basically determined by how
far the point is from the symmetry plane and on which side of the surface.

5 CONCLUSIONS

In this paper the change in roughness was examined at different points on the
topography along several analysis planes at different angles from the feed direction
on a dry face milled steel workpiece surface. At the selected points, the 2D profile
roughness was measured in a direction parallel to and perpendicular to the feed.
The findings are as follows.

On the 40x40 mm? examined area on the symmetrically face milled surface
cut with a tool having a nominal diameter of D = 80 mm, the values of the
arithmetic mean height R, and the maximum height of profile R, parameters
scattered significantly: the magnitude of them was about 0.8 um and 2.5 um, which
mean(s) 70% and 47% deviations, respectively. As a result, the roughness
inhomogeneity of a face-milled surface is considerable, and this needs
investigation.

Large deviations in the measured roughness values can be expected in any
examining plane with an angle other than the feed direction.

It was found that the magnitude of the roughness values depends on the
distance from the symmetry plane and the location of the point on the surface, so in a
plane parallel to the feed direction, a small deviation of the values is typically
expected.

The highest roughness on the machined surface was measured on the side of the
surface where the tool edge enters the workpiece, where the roughness values
increased the average. A minimal value was found on the exit side, where the
roughness was lower than average. The values measured on the symmetry plane were
close to the mean. With this it can be stated that for maximum values it is incorrect to
measure the roughness of the face milled surface in the symmetry plane; according to
our analysis the maximum value typically occurs on the entry side. Further studies
will focus on determining its exact location.
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Awnran Hanp, Slnom Kynapak, Mimkosbl, YropiiuHa

AHAJII3 3MIHU IIOPCTKOCTI ®PE3EPOBAHOI ITIOBEPXHI,
SAKA BUMIPIOBAJIACH B HAITPSIMKY 45° 1O BEKTOPA ITIOJAYI

AHoTauis. V yiti cmammi ananizyemocs pizHuys (HeOOHOPIOHICMb) 3HAYEHb WOPCMKOCHI, GUMIDSHUX
Ha NOGEPXHI 3a20Mi6KU 3 Hele208anoi yeneyegoi cmali, Qpeseposanoi niacmunol y Gopmi
napanenoepama (xkr = 90°), 3an1excHO 6i0 HANPAMKY PYXY IHCMPYMEHmMY ma 6I0HOCHO20 NONOMHCEHHS
MOYOK NOBEPXHI 3A20MO6KU, WO PO321A0aombCa. Xapakmepruil po3nooin WopcmKocmi i eenuyuna
8iOXUNEHb OYIU OOCTIONHCEHT UWLIAXOM BUMIDIOBAHHS Y BUOPAHUX MOUKAX Y3008HC OEKIIbKOX NIAOWUH Ha
NnoBepXHi, WO XApPAKMepU3yEMbCs YMOGAMU PYXY 3G20MOBKU MA CUMEMPUYHO DPOIMAUIOBANO20
iHcmpymenmy, nepneHOUKyIApHO20 06poOMOBaNill NOGEPXHi, AKI YMEOPIo8anu NOOGIUHI  ClioU
@pezepysanns. Bubpani mouxu eidsnauaiomv Minii i3 3a0AHUMU HAXULAMU 1O GIOHOULEHHIO 00
HAnpsAMKY nooaui, a GUMIpAHI iX 3HaYeHHA NOPIGHIOIMbCA. 3a yumu Hanpamamu Oy1a Ompumana
GenuUUHA BIOMIHHOCII Y NOKA3HUKAX wopcmKocmi. Y eubpanux mouxax 6yna 6uMipana wopcmKicmy
2D-npogpinto y HanpsmKy, napanenbHoMy ma nepneHOuKyIApHoMYy éekmopy nooaui. Bucnosku maxi. Ha
docnioncysaniii niowi 40 x 40 mm? na cumempuuno mopyeso peseposaniii noéepxmi, o6pobenii
incmpymenmom  Hominanenum  Oiamempom Dy = 80 mm, 3nauenns napamempie cepeOnvoi
apugmemuunoi eucomu Ry ma maxcumanvHoi eucomu npoginio R, cymmeso positiunucs: ix eenuuunu
cmanosunu npubausno 0,8 mxm ma 2,5 mrm, wo o3zuauae eioxunenns 70% ma 47% eionosiono. B
pesymbmami HeoOHOPIOHICIb WOPCIMKOCHL MOPYeo Gpe3eposanoi nosepxui € 3HayHolo, i ye nompebye
docnioxncenns. Benuki iOXuneHHa y GUMIDAHUX 3HAUYEHHAX WOPCIMKOCMI MOXCHA O4iKysamu y 6y0b-sKiil
NIOWUHI OOCTIOHCEHHS 3 KYMOM, BIOMIHHUM 6i0 Hanpsamy nodadi. Byno euseneno, wjo éenuuuna 3naveHs
WopCmMKOCHi 3aaedcumy 6i0 6i0cmani 6i0 NIOWUHU CUMEmpIi ma 6i0 NOIOJCEHHs MOYKU HA NOGEPXHI,
momy 8 NIOWUHI, Napanenbiitl 00 HanpAMY nNo0ayi, 3a36Uyail OYIKYECmbCs HesenuKe GIOXUNeHHs 3HAYEeHD.
Haiibinbwa wopcmxicms 06pobnenoi nogepxni 6yia eumipsiHa Ha mill cmopoxi noeepxHi, de Kpail
iHCMpYMeHnty 6Xx00ums y 3a20MmoeKy, 0e cepeoHe 3HAYeHHs wopcmrkocmi 30inbuyemncs. Minivanvhe
3HAYeHHs OYII0 BUABIEHO HA BUXIOHIL CIOPOHI, Oe WOPCMKICMb OV HUNMCHOIO 3 cepeOHI0. HaueHH s,
BUMIPAHI HA NAOWUHE cuMempii, 6yau O1u3bKi 00 cepednix. IIpu ybomy MOXHCHA KOHCMamysamu, wo Os
MAKCUMATLHUX 3HAYEHb HEKOPEeKMHO SUMIDIOSAmMU WOpCmKicmy (peseposanoi mopyesoi noeepxui 6
nAoWUHI cumempii; 32i0HO 3 HAWUM AHATIZ0M, MAKCUMATbHE 3HAYEHHS 3A36Uall CHOCMepieacmvcsa Ha
boyi exody. [lodamvwii 0ocniodcenHs OYOymb 30CepeodceHi HA  BUSHAUEHHI 1020 MOYHO2O0
po3mautyeanisl.

Kurouogi ciioBa: mopyese ¢pesepysannsa, wopcmkicns nosepxii, posnooin ulopcmrKocmi.
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