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THE EFFECT OF THE CIRCULAR FEED ON THE SURFACE
ROUGHNESS AND THE MACHINING TIME

Abstract. The surface roughness is analysed in different feeds and turning procedures (rotational and
conventional) in this paper. Cutting experiments were made on different cutting speeds and feed rates
with 2 cutting tool with helical edge geometry and 1 traditional turning tool. The measured 2D surface
roughness values were compared between the different cutting tools. The benefit of the circular feed
application is showed by the decrease of roughness parameters and machining time.
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1. INTRODUCTION

The produced surface quality and the efficiency of the machining depends on
the applied cutting procedure. Kundrak et al. showed in studying finishing
procedures of bore machining that the same surface roughness can be achieved by
various kinematic relations, however the machining time will be different
depending on the procedure [1]. Varga et al. analysed the effect of burnishing after
grinding [2], which leads to better surface topography, however the machining
time will be consequently higher. Qehaja et al. studied the dry turning process [3],
where they concluded that the feed rate has a high influence on the machining time
and surface roughness. Niaki et al. analysed different tool grades and showed that
the stability of the cutting edge also has a high impact on the generated surface.
The application of the application of unconventional machining methods are shown
in the work of Berenji et al. [4]. They determined that the application of different
procedures can lead to better surface quality while also increasing the efficiency.
An edge with helical geometry and a tangential circular feed are applied in
rotational turning [5]. Therefore, the applied kinematics and edge geometry has a
major effect on the surface quality and the efficiency. The aim of this paper is to
analyse roughness values and the machining time in cutting of cylindrical surfaces
with different kinematics and edge geometry (rotational and longitudinal turning).

2. EXPERIMENTAL CONDITIONS

In this study, the experimental work was carried out on a Perfect-Jet MCV-M8
machining centre. The cutting tool is clamped to the machine table and the
experimental workpiece is fixed in the tool holder of the machine. The fast rotation
of the spindle assured the main cutting movement, while the CNC controlled
circular motion of the tool around the rotating workpiece resulted the secondary
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feed motion. The clamped tool with the helical cutting edge for rotational feed and
the workpiece can be seen in Figure 1.

Figure 1 — Geometrical and kinematical relations of rotational turning

A heat-treated C45 steel grade is machined during the experiments, which
had a 12 mm length @40 mm diameter surface. The circular feed was realized by
two rotational turning tools: Fraisa P5300682 (As = 30°, notation: A) and Sandvik
Coromant R215.38-20050-AC38L (As = 50°, notation: B). The result of the
rotational turning are compared with a standard longitudinal turning tool (CNMG
120412-PM insert in DCLNL 2525 M 12 holder, notation: C). The experiments are
carried out with 200 m/min and 250 m/min cutting speed (v¢), 0.1 mm depth of cut
and five values of feed (f) for each cutting tool (f = 0.1 mm, 0.2 mm, 0.4 mm, 0.6
mm, 0.8 mm). The machined surfaces are measured by a Mitutoyo SurfTest SJ-301
2D roughness measuring device on three generatrix of the cylindrical part. The
measured length and cut-off length are adjusted according to DIN EN ISO 4288.

3. EXPERIMENTAL RESULTS AND DISCUSSION

The roughness measurement results of the Arithmetical mean deviation of the
assessed profile (Ra) and the Average peak to valley height of the profile (R;) are
shown in Table 1 for Tool A, Table 2 for Tool B and Table 3 for Tool C.
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Table 1 — Roughness measurement results for Tool A

0.1 0.47 0.45 0.48 3.22 2.83 3.05
0.2 0.47 0.48 0.49 3.82 3.79 3.73
200 0.4 0.54 0.55 0.57 3.58 3.54 3.45
0.6 0.73 0.69 0.74 5.18 5.19 5.67
0.8 1.2 1.39 1.28 7.42 7.16 7.24
0.1 0.45 0.44 0.44 3.04 2.95 3.07
0.2 0.45 0.45 0.44 3.81 3.80 3.78
250 0.4 0.6 0.63 0.61 4.6 4.49 4.27
0.6 0.76 0.74 0.78 5.95 5.19 5.39
0.8 1.1 1.18 1.08 6.89 7.32 6.87

Table 2 — Roughness measurement results for Tool B

ot [t ot |t

0.1 0.53 0.46 0.47 3.46 291 2.74
0.2 0.39 0.39 0.36 3.21 3.40 2.66
200 0.4 0.93 0.90 0.87 4.79 4.66 4.50
0.6 2.01 1.91 1.91 9.86 9.36 8.94
0.8 4.75 3.99 3.93 19.59 17.73 18.8
0.1 0.34 0.34 0.33 2.62 2.77 2.86
0.2 0.34 0.34 0.32 2.24 2.12 2.08
250 0.4 0.73 0.68 0.71 4.16 4.21 3.95
0.6 2.28 2.33 2.38 10.54 10.84 10.71
0.8 3.65 3.64 3.66 16.58 16.52 16.51

Table 3 — Roughness measurement results for Tool C

0.1 0.49 0.49 0.48 2.01 1.91 1.76
0.2 0.96 0.99 0.94 4.44 5.00 4.46
200 0.4 3.36 3.27 3.27 13.52 13.44 13.35
0.6 6.68 6.49 6.57 25.74 25.54 25.67
0.8 10.66 10.78 10.53 40.37 40.15 40.52
0.1 0.48 0.48 0.47 1.93 1.93 1.85
0.2 0.99 0.92 1.02 4.77 4.42 4.84
250 0.4 2.97 3.09 3.08 12.61 12.38 12.61
0.6 6.69 6.65 6.86 26.08 26.16 26.55
0.8 10.15 9.96 9.85 38.83 38.59 38.83
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The mean values for the different setups are calculated and shown in Table 4.
The machining times (tm) are also determined for the comparison of productivity
by the application of the results of previous studies [6]. This parameter means the
required time to produce the machined surface, therefore it can be used for the
comparison of productivity of turning procedures with different kinematics.

The results of the roughness evaluations are shown in Figure 2. The values
increase only in a small extent on surfaces machined by Tool A, which has a 30°
inclination angle. On lower feeds (f < 0.4 mm) the growth is almost negligible,
while increasing the feed from 0.4 mm to 0.8 mm results in an almost two-fold
increase in the roughness parameters on various speeds. Machining by Tool B
resulted in a nearly constant surface roughness on 0.1 mm and 0.2 mm feeds. The
increase of the roughness values can be observed from 0.2 mm feed, from where
the alteration can be described as an exponential growth. If the feed is higher than
this limit, a 0.2 mm increase in the feed results in a nearly two-fold increase in R,
and R; for both v..

Table 4 — Mean values of the roughness parameters and the machining times

£ Ve = 200 m/min Ve = 250 m/min

Tool [mm] Raa Rza tm Raa Rza tm

[um] [pm] [s] [wm] [wm] [s]
0.1 0.466 3.033 4.53 0.443 3.02 3.86
0.2 0.48 3.78 2.76 0.446 3.796 2.20
0.4 0.553 3.523 1.36 0.613 4.453 1.09
0.6 0.72 5.346 0.90 0.76 5.51 0.72
0.8 1.29 7.273 0.67 1.12 7.026 0.53
0.1 0.486 3.036 5.65 0.336 2.75 4.50
0.2 0.38 3.09 2.95 0.333 2.146 2.35
0.4 0.9 4.65 1.39 0.706 4.106 1.11
0.6 1.943 9.386 0.82 2.33 10.696 0.73
0.8 4.223 18.706 0.61 3.65 16.536 0.49
0.1 0.486 1.893 4,01 0.476 1.903 3.19
0.2 0.963 4.633 1.92 0.976 4.676 1.53
0.4 3.3 13.436 0.92 3.046 12.533 0.73
0.6 6.58 25.65 0.59 6.733 26.263 0.47
0.8 10.656 40.346 0.43 9.986 38.75 0.34
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Figure 2 — Mean values of the roughness parameters (ve = 200 m/min)

The results of the measurements made on surfaces machined by a traditional
turning tool are not presented any nearly constant roughness values on the studied
setups. Here the exponential growth starts from 0.1 feed.

The comparison of different tools leads into the following conclusions.
Machining with 0.1 mm feed resulted in nearly the same R, values for the three
cutting tools, however the measured R, parameters showed differences. The
average peak to valley height of the profile was lowest in traditional turning from
which a 1.5-fold higher results measured after machining with rotational turning. |
got this outcome because on this feed not the geometry of the cutting tool is
significant in the surface texture generation, but the secondary deformations,
material structure etc. However, the order of the cutting tools changes on 0.2 mm
feed. The lowest roughness was achieved by Tool B, while Tool C becomes the
worst. From this feed, the cutting edge geometry starts to play more important role
on the surface texture. On 0.4 mm, 0.6 mm and 0.8 mm feeds the lowest roughness
values measured on surfaces machined by Tool A, while the highest roughness is
produced by Tool C. It can be also seen that the results from machining by Tool C
can be achieved with nearly 2 times higher feeds with tool B and 3 times higher
feeds with tool A. That means that rotational turning is more efficient: more
surfaces can be machined during the same period. This is further analysed in
Figure 2, where the roughness values are shown in function of the machining time.
It can be seen, that the production of especially smooth surfaces (Ra< 0.4 um,
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R; < 3.5 um) needs more time (thus 0.1 mm feed). However, to get a finished
surface (Ra < 1.0 um, R, <6.0 um), rotational turning requires half of time
machining time than traditional turning. The difference between the ratio of feeds
and machining time is caused by the higher needed run-in and run-out time in
circular feed.

15 50
mA mA
B B
12 40
+C : *C
S
.
— 9 30
S E |
g hd 0
Y d
3| & 10
e,
0 L”rl"'ﬂ 0 : '051
01 2 3 4 5 6 01 2 3 4 5 6
t, [s] t, [s]

Figure 3 — Roughness measurement results in function of the machining time

SUMMARY

The Arithmetical mean deviation of the assessed profile and the Average peak
to valley height of the profile surface roughness parameters and the machining
times are compared on different feeds in machining by traditional and rotational
turning. Cutting experiments were made with five feeds, two cutting speeds and
three cutting tools. From the mean values of the measured R, and R; values it is
concluded that the application of rotational turning results in a significantly lower
surface roughness than the values of traditionally machined surfaces. Comparing
the needed machining time showed that 0.5-fold lower machining time needed in
rotational turning to achieve a nearly ground surface.
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IrrBan CrarkoBuY, MinikomsI, YropiimHa

BIIJIMB KPYT'OBOI IIOJAYI HA IIIOPCTKICTH IOBEPXHI
I TPUBAJIICTH OBPOBKH

AHoTauiss. Memow Oanoi pobomu € auaniz 3HaweHb WOpPCmMKocmi i 4acy 06pobKu npu pi3aHHi
YUTTHOPUYHUX NOBEPXOHb 3 PIZHOK KIHEMAMUKOW I 2e0Mempielo Kpatiok (0bepmanvhe i NO3006IHCHE
mouinHA). B danomy oocnioxcenni excnepumenmanbHi pobomu npoeoounucs Ha 0OpoOHOMY yeHmpi
Perfect-Jet MCV-MS8.  Pizamnuii  incmpymenm — 3amuckaemocs Ha  CMOAL  @epcmama, a
eKCnepUMeHManbLHa 3a20moska (ikcyemocs 6 mpumadi incmpymenmy. Llleuoke obepmanms wnunoens
3a6e3neuyeano OCHOHUI PYX pi3anHs, 6 motll yac sK Keposanutl YIIY kpyzoeuil pyx incmpymenmy
HABKONO 3020MOGKU, WO obepmacmvbcsa ni0 uac 00pobKu, 30iCHIO8A8 PYX GMOPUHHOI NOOAui.
Iopisuanns piznux incmpymenmie 00360a€ 3pooumu nacmynti guchosku. O6podxa 3 nooaueio 0,1 mm
odana matixce 0OHaKo8i snavents Ra Ons mpbox pisansrux iHcmpymenmie, npome UMIpsaHi napamempu
R, noxazanu eiominnocmi. Cepeona eucoma npoghinio 6i0 niky 0o sanadunu Oyia HAUMEHW010 npu
mpaouyitiHomMy mouinni, a nicis 06po6Ku 3 obepmarbHum MouinHaAM pe3yrvmamu oyau 6 1,5 pasu euwye.
Leti pesynemam 0Oyno ompumano momy, wjo HA Yili NOOAYi BANHCIUEA He 2eoMempisi Pi3albHO20
iHCmpymenmy @ cmeopenHi mexcmypu noeepxHi, a mopunti degpopmayii, cmpykmypa mamepiany i m.n.
Oonak nops0ox pizarvhux incmpymenmis 3minioemvcsa npu noodayi 0,2 mm. Halimenwa wiopcmxicmo
6yna oocsienyma incmpymenmom B, a incmpymenm C -— natieipwum. 3 yiei nooaui ceomempis pizanvhoi
Kpaiiku nouunac zpamu Oinbuwi 8axciugy poiv 6 mexcmypi nosepxui. Ha 0,4 mm, 0,6 mm i 0,8 mm
npunadaiomb HAUHUMNCHI 3HAYEHHA WOPCMKOCM, UMIDAHI HA NOBEPXHAX, 0OPOOIEHUX 3a OONOMO20I0
iHcmpymennty A, 6 moii uac AK HauBUWA WOPCMKICMb 00CA2AEMbCsL 30 00NOM02010 incmpymenny C.
Taxooic modicna bauwumu, wo pesyivmamu o0bopobxu 3a donomozoio incmpymenmy C mooicymov 6ymu
Qdocsenymi 3 nooaui maidice 6 2 pasu guuje 01 incmpymenmy B i 6 3 pasu euwe ons incmpymenmy A.
Lle osnauae, wo obepmanvHe MouiHHA Oinbul egheKmusHe: 3a MoU e nepiod MOXNCHA 00pobuUmu
oimvute nogepxons. Buono, maxodic, wo 0 6Ueomosnents 0cooaugo 21aokux nosepxons (Ra <0,4 mrm,
R, <3,5 mxm) nompibno 6Ginvwe uacy (maxum uunom, nodaua 0,1 mm). Oouax 01 ompumanms
uucmosoi nogepxti (Ra <I,0 mxm, R, <6,0 mxm) obepmanvre mouinHsa eumazae 608i4i MeHule yacy
006pobKu, nidie mpaouyitine. Pisnuys misxc cniggionowentsam nooay i yacom o0pooKu GukauKana oinviu
BUCOKUM HEOOXIOHUM YACOM NPUNPAYIOBANH | 6UOI2AHHS NPU KPY2OSili ROOAU.

KurouoBi ciioBa: vac 06pobxu; obepmanbie moviHHs; WOPCMKICMb NOBEPXH.
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