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THEORETICAL VALUE AND EXPERIMENTAL STUDY
OF ARITHMETIC MEAN DEVIATION IN ROTATIONAL TURNING

Abstract. The calculation method of the Arithmetic Mean Deviation (R,) is presented for rotational
turning. The necessary equations for the calculation of R, are given beginning from the equation of the
cut surface theoretical profile, and we determine the theoretical values in the studied range of the
technological parameters. Cutting experiments with these data were performed and the roughness
values of the machined surfaces were measured. Then we carried out a comparative analysis of the
measured and the calculated values of the arithmetic mean deviation.
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1. INTRODUCTION

In the production of surfaces and parts, which meet the prescribed roughness
requirements, several types of procedures with different kinematic and/or
geometric relation are applied in finishing operations [1,2]. The variety of
kinematics comes from the different translational or rotational movements of the
workpiece and tool [3,4], while the diversity of geometry is given by the number of
edges, the design and position of the cutting edge (for example: linear or helical),
the shape of the removed chip (constant or varying) and the characteristic of
material removal (continuous or intermittent) [5,6]. The selection of the machining
procedure is determined by the prescribed accuracy and roughness (quality)
requirements among others [7,8], furthermore the more productive one should be
chosen for several optional procedures [5,6,7]. However, the increasing costs with
the increase in tool wear should be considered as well [9,10]. Longitudinal turning
is most widespread in the machining of cylindrical surfaces [11,12].

We study rotational turning, where a helical edged cutting tool with slow
rotations removes the allowance from a fast-rotating workpiece with constant chip
cross-section and continuous material removal [13,14]. In the studied procedure the
machining is done by one cutting edge with constant circular feed and depth of cut.
The non-linear (helical) cutting edge and the applied circular feed alter the
characteristics of chip removal from the longitudinal cutting; the extent and ratio of
cutting force components is different due to the applied edge geometry and
kinematics. The contact length between the cutting edge and the workpiece is
longer, which is caused by the 0° major cutting edge angle and the inclination
angle determined by the helix angle. Therefore, the topography of the machined
surface is different. The contact point between the machined surface and the tool
moves continuously in one direction along the cutting edge during the cutting.
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Hence not just one point of the cutting edge comes into contact with the workpiece
during material removal. The usage, load and tool wear will be even along the
entire cutting edge. These differences must be taken into consideration in the
determination of the process parameters. The effects of the influencing parameters
must be known in different machining procedures which can achieve the
prescribed roughness values on the part surfaces. The study of these can be done
by theoretical (mathematical deduction or modelling [15,16]) and/or experimental
analyses, or the comparative analysis of the two [17].

The theoretical values of the roughness parameters give important
information on the effect of cutting edge geometry of feed alteration by helping
estimate the expected roughness. Therefore, we worked out the calculation method
of the Arithmetic Mean Deviation (Ra) for turning with circular feed, and the
outcome is compared with experimental results.

2. THEORETICAL VALUE OF ARITHMETIC MEAN DEVIATION

When determining the machined surface roughness, it must be taken into
consideration that the theoretically determinable and the practically measurable
values are usually different, although a strict correlation can be observed between
the two. The theoretical roughness is defined by the position of the cutting edge in
the tool reference plane and the feed that is generating the surface periodicity. In
rotational turning, the former results from the machined surface radius (rm), the
radius (rs) and the inclination angle (4s) of the helical cutting edge. The periodicity
of the surface is given by the tool and workpiece revolutions or angular speed (ws
and wn), the additional axial feed rate (vsa), the inclination angle and the radius of
the cutting tool.

In our study, the highlighted section (I-11l) of the cut surface must be
evaluated for the determination of the arithmetic mean deviation, due to the
symmetric nature of the periodically repeating cut surface.

Peak line L 3= 1
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Figure 1 — Arithmetic Mean Deviation (Ra) in the theoretical machined surface
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The Arithmetic Mean Deviation can be given by the solution of Equation (1)
according to the standard [18] for the theoretical profile (fa: axial feed, &m:
dependant variable, {w: independent variable, #m: value of the mean line).
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The determination of the cut surface equation is presented in our earlier work
[19]; one variable &n(Zm) form can be seen in Equation (2).
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The equation of the line parallel to the horizontal axis (mean line) is &n = &m,
where the areas below and above the curve are the same. The sought value results
from the quotient of the integral on the {n axis of the analysed curve (I-111) and the
length of the assessed profile. This results in Equation (3) for the case presented in
Figure 1.

It follows from the interpretation above that Equation 1 can be transformed
here. Due to the symmetric nature of the studied profile, the lower limit of the
integration is 0 instead of -f2/2. The interval can be divided into two sections since
the area below (I-11) and above (11-111) the mean line can be calculated separately.
The I-111 interval is divided into two section by coordinate {ma, Where the mean
line intersects the analysed curve(point Il in Figure 1). This condition can be
written as &m(ma) = &m. Hence the theoretical value of R, is the solution of
Equation (4).
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The next step in our study is the determination of the mean line position in the
roughness profile of the machined surface. Equation (1) was approximated to
perform the designated integration. 6th Taylor polynomial is calculated due to the
shape and attributes of the function. The result can be seen in Equation (5). After
the evaluation of Equation (3) with the function in Equation (5), the vertical
position of the mean line is deduced in Equation (6).
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_ The next step is the determination of {m,a from the given condition (¢m(¢m.a) =
Fm). After the substition of Equations (5) and (6) into the condition, the sought
value is given in Equation (7).
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The evaluation of the equations leads us to the theoretical value of the
Arithmetic Mean Deviation in the form of Equations (8)-(9).
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3. CONDITIONS OF THE CUTTING EXPERIMENTS

The main aim of the cutting experiments was the comparison of the measured
and calculated values of Ra. A Perfect-Jet MCV-M8 machining centre was chosen
for our studies. The helical edged rotational turning tool was clamped on the
machine table parallel with the workpiece placed in the spindle of the machine tool.
The rotary feed is caused from the circular interpolation of the tool and the cutting

76



ISSN 2078-7405 Cutting & Tools in Technological System, 2022, Edition 96

speed is resulted from the rotational movement of the workpiece. The position of
the tool and the workpiece can be seen in Figure 2.

The experiments are carried out on heat-treated C45 cylindrical steel
workpieces with @40 mm diameter and 12 mm length. The material removal is
done by a Fraisa P5300682 cutting tool with 30° inclination angle. 200 m/min
cutting speed and 0.1 mm depth of cut were adjusted. We analysed the effect of the
feed alteration with 7 kinds of values: 0.1 mm/rev., 0.2 mm/rev., 0.4 mm/rev., 0.6
mm/rev., 0.8 mm/rev., 1.0 mm/rev., 1.2 mm/rev. 2D surface roughness was
measured by a Mitutoyo SurfTest SJ-301 device on 3 different generatrix of the
machined surfaces. The evaluation and cut off lengths were chosen according to
the DIN EN ISO 4288 standard.

Figure 2 — Position of the tool and the workpiece

4. EXPERIMENTAL RESULTS AND DISCUSSION

The theoretical and experimental R, values were evaluated within the studied
range. The theoretical values of the Arithmetic Mean Deviation (Rac) were
calculated for the different setups using Equation (8). The averages of each of the 3
measured values (Ram) were also determined for the 7 parameter combinations
after the cutting experiments. The results of the evaluation are shown in Table 1.
Typically, the calculated values of R, are lower than the measured values.

It can be seen based on the depiction of the theoretical and experimental
values in function of the feed (Figure 3) that the roughness alteration caused by the
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increasing feed is well described by the theoretical curve, the tendency is the same.
The coefficient of determination in the studied range is R? = 0.8543.

Table 1 — Results of the roughness measurement and calculations

f a Ve Ra1 Ra.2 Ras Ram Rac
[mm] [mm] [m/min] | [pm] | [pm] | [pm] [nm] [nm]
0.1 0.1 200 0.47 0.45 0.48 0.466 0.016
0.2 0.1 200 0.47 0.48 0.49 0.480 0.063
0.4 0.1 200 0.54 0.55 0.57 0.553 0.255
0.6 0.1 200 0.73 0.69 0.74 0.720 0.578
0.8 0.1 200 1.2 1.39 1.28 1.290 1.034
1 0.1 200 1.15 1.08 114 1.123 1.627
1.2 0.1 200 2.78 2.86 2.79 2.810 2.361
3 i --Exp. -@-Calc. i
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Figure 3 — Measured and calculated values of Ra

Based on the measured and calculated values, if the feed is below 0.6 mm/rev,
the difference between the two is proportionally higher than the difference in
higher feeds. This caused by that phenomenon that at lower feeds the geometry of
the tool has a weaker effect, with the machined surface roughness being influenced
more by the material composition, the attributes of the surface layer and the
deformation in the cut zone. The latter effects remain nearly constant at different
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feeds; however, the periodical profile generating effect of the cutting edge
geometry becomes dominant. This finding can be clearly seen in Figure 4.
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Figure 4a — Measured and calculated roughness profiles (f = 0.2 mm/rev.)
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Figure 4b — Measured and calculated roughness profiles (f = 0.6 mm/rev.)
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Figure 4c — Measured and calculated roughness profiles (f = 1.2 mm/rev.)
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SUMMARY

The effect of feed alteration in rotational turning is studied based on the
theoretical and experimental values of Arithmetic Mean Deviation in this paper.
We presented a method for the determination of the theoretical value of the
analysed roughness value. Based on the equation of the cut surface deducted using
by constructive tool geometry, we described the equation necessary for the
calculation of R, in function of the influencing kinematic and geometric parameters.
For the chosen technological parameters in the studied range, we calculated the
theoretical values, which are validated through cutting experiments.

It was found that the theoretical values of R, are typically lower than the
measured roughness values in the 0.1-0.2 mm/rev feed interval. The change in
roughness with the increasing feed is described well by the calculated values, the
trends are the same. Roughness profiles are also showed that with the increase of
the feed, the periodic profile generating effect of the tool edge geometry becomes
dominant, while the proportion of other topography affecting mechanisms becomes
lower.
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IrrBan CrarkoBud, SAHom Kynapak, Mimkomnsn, YropmuHa

TEOPETHYHA 3HAUYNUMICTD I EKCIEPUMEHTAJIBHE
JOCILKEHHSI CEPEJHEAPUOMETUYHOI'O BIIXHUJIEHHSA
IPU POTAIIIMHOMY TOUYITHHI

AHoTtauiss. Haseoeno memoo po3paxyHKy cepeonboco apugmemuunozo eioxunenns Ra o0ns
pomayitinoeo mouinHs. Haeedeno HeoOXiOHI pigHAHHA 0151 PO3PAXYHKY Ra, 6uxo0suu 3 piGHSAHHS
MeopemuyHo20 NPOPIn NOBEPXHI PI3AHHSA, MA 6USHAYEHO MEOPEMUYHI SHAUEHHS Y OOCTIONCYBAHOMY
dianasoHi mexHono2iuHux napamempis. 3 yumu OaHumu Oyau nposedeHi eKcnepumMenmu 3 pizaHHsa ma
BUMIPIOBAHHA 3HAYEHb WOPCMKOCMI 00poOieHux nosepxowns. Tlomim 6yno nposedeno nopieHAnbHUI
auaniz BUMIPAHUX MA PO3PAXOBAHUX 3HAYEHb CePeOHbO20 apupmemuunozo eioxunenus. Ilpu
BUBHAUEHHI WOPCMKOCMI  00pOONIeHOI nogepxHi HeoOXIOHO 8paxo8yeéamu, wo 3HAYEHHA, WO
meopemu4HO BU3HAYAIOMbCA | NPAKMUYHO BUMIPIOBAHT, 3a36UYAll DI3HI, X0Ya MidC HUMU MOdice
cnocmepizamucs cmpoza kopenayis. Teopemuuna wopcmKicmos 8USHAYAEMbCA NONOICEHHAM Pi3aIbHOT
Kpauiku 8 6a308ill nIOWUHI iHCMPyMeHmy ma nooauero, wo CMeoploe nepioouyHicmes nogepxti. Ilpu
POMAyitiHOMy MOYIHHI NEPUUL BUSHAYAEMbCS PAOiYyCoOM 00pOONIeHOT nogepxHi (rm), padiycom (rs) ma
Kymom Haxuny (As) e6uHmogoi pizanvhoi kpaiiku. I[lepioouunicmv nogepxHi 3adacmvcs obepmamu
iHCmpymenmy ma 3a20mieku abo Kymosow WeUoKicmio (ws i wp), 000amKo80 0Cb0BOK NOOaAyer
(Vsya), Kymom maxuny ma paodiycom pizanvhozo incmpymennty. Ha ocHogi sumipsanux i po3paxoéanux
3HAueHb, AKwo noodaya nudicye 0,6 Mm/00, pisHuYs MidC HUMU BPONOPYIUHO OinbWA, HIdIC PI3HUYSL NPU
Oinbwt  6ucokux nodauax. lLle SuUKIUKAHO MUM AGUWEM, WO NPU MEHWUX NOOAYAX 2eoMempis
iHCMpYyMeHnty Mae MeHwull 61aU6, d HA WOPCMKICMb NO6epXHi, wo 0bpobrsemuvcs, Oinvuull 6naUG
HAoamv CKIa0 Mamepiany, 61acCmueocmi No8epxne6o2o wapy i oegpopmayii' @ 3oui pizanns. Ocmanni
ehexmu 3anuUAOMbCs Matixce NOCMITHUMU NPU PISHUX NOOAYAX, NPOMe NEPeBatCaloYUM CMAe GNiU8
ceomempii’ pizanbHoi Kpauku y cmeopenni nepioduynozo npoginio. Byno euseneno, wo meopemuyni
3Hauenns Ra 3a36unati nusicui 3a @umipsami 3uavenns wopcmkocmi 6 inmepeani nooau 0,1-0,2 mm/o06.
3mina wopcmrkocmi 3i 30inbWeHHAM nOOAYi 00Ope ONUCYEMbCS POPAXYHKOBUMU SHAYEHHAMU, MPEHOU
mi orc cami. IIpoghini wopcmrocmi maxodic nokazanu, wo 3i 30IMbUeHHAM NOOAul Nepesadcal M cmac
eexm ¢hopmysanns nepioouuno2o npo@ino ceomempii pizambhoi Kpauku incmpymenmy, mooi 5K
YACMKA THUWUX MEXAHI3MIB, WO 6NIUBAIOMb HA MONOZPAGIIO, SHUNCYEMBCSL.

KarodoBi caoBa: cepeone apugmemuune eiOxunenus; pomayiiine MOUIHHA, MeopemuyHe ma
eKCnepuUMeHmanbHe 00CIiONCEeHHSL.

81



