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COMPONENTS OF THE CUTTING FORCE AND THEIR SPECIFIC
VALUES AT DIFFERENT FEEDS IN ROTATIONAL TURNING

Abstract. The alteration of the cutting force is studied by the increase of the feed in rotational turning.
The time course of the cutting force components is analysed by experiments done with different edge-
geometrical tools, and the specific cutting forces are calculated. One of the findings is the possibility to
effectively lower the passive force acting on the cutting tool by the application of rotational turning.
Keywords: cutting force; rotational turning; feed; passive force; axial load.

4. INTRODUCTION

The different applied relative motions and edge geometries of the cutting
tools significantly alter the values and ratios of the cutting force and its
components. An edge with helical geometry and a tangential circular feed are
applied in rotational turning [1], with the geometrical and kinematical relations
shown in Figure 1 (n: revolutions per minute of the tool; ny: revolutions per
minute of the workpiece; va: additional axial feed rate; r:: radius of the helical
cutting edge; As: inclination angle; ry: radius of the machined surface; Ry: radius of
the to be machined surface; a,: depth of cut; aw: distance of the symmetry axes).
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Figure 1 — Geometrical and kinematical relations of rotational turning

In the research of cutting forces the analysis of their specific values is
appropriate. Karpuschewski et al. [2] showed that the alteration of the chip ratio by
the application of high-feed is a possibility to lower the specific cutting force.
Kundrék et al. revealed in their experimental work [3] that the ratio of the force
components also varies by the alteration of the feed among the decrease of
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the cutting edge specific load. Among the different cutting force components, the
tangential component is dominant, according to Denkena et al. [4]. In the work of
Tarag et al. [5] we can see that we can achieve stable chip removal by the increase
of the feed (among others) due to the decrease of the specific cutting forces and the
alteration of the cutting force angle. It can be seen that the value of the feed plays a
significant role from the viewpoint of the cutting force. Therefore, the aim of my
experiments is to study the specific cutting forces during the increase of the feed in
turning with different cutting conditions (rotational and longitudinal turning).

5. EXPERIMENTAL CONDITIONS

The aim of my experiments was the measurement and analysis of the cutting
force during chip removal by rotational turning.

The characteristic movement conditions of the procedure are realised on a
Perfect-Jet MCV-M8 machining centre during the experiments. The experimental
workpiece was clamped in the spindle of the milling machine, whose rotation
assured the typical rotational movement of turning. The cutting tool is fixed in the
force measurement device (Kistler 9257A) which was clamped on the machine
table. The interpolated circular motion of the cutting tool with the machine table
realised the relative circular feed around the workpiece. | chose a normalized C45
steel grade with a cylindrical surface of @40 mm diameter and 12 mm length. Two
rotational turning tools were applied with different inclination angles: R1 — As =
30° (Fraisa P5300682) and R2 — As = 45° (Sandvik Coromant 1P341-1600-XB
1630. For the comparison of the measured values a standard turning tool (S) was
also applied (CNMG 120412-PM insert in DCLNL 2525 M 12 holder). | carried
out the experiments with 200 m/min cutting speed, 0.1 mm depth of cut and six
values of feed for each cutting tool (f =0.1 mm, 0.2 mm, 0.4 mm, 0.6 mm, 0.8 mm,
1.0 mm).

6. EXPERIMENTAL RESULTS

The X, Y and Z directional forces (linked to the machine table) are measured
by the device at a 1000 Hz sampling rate. From the measured values and the
momentary position of the workpiece-tool, | calculated for each case the main
cutting force (Fc), passive force (Fp) and feed directional force (Fr) in the
coordinate system linked to the rotating workpiece. From the completed results of
the three cutting tools Figure 2 shows the diagrams of the R1 tool. | also
determined the maximal values for the 18 experimental setups (Table 1).
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Table 1 — Maximal values of F¢, Fp and F¢

f[mm] 0.1 0.2 0.4 0.6 0.8 1
R1 51.63 82.50 136.49 180.23 204.30 276.17
[llilc] R2 56.06 78.80 130.43 182.38 228.27 268.85
S 55.56 82.13 130.09 178.06 230.90 280.72
R1 33.17 49.97 74.83 96.29 102.17 145.16
[if] R2 36.39 48.84 72.18 90.86 107.26 127.34
S 73.60 93.60 130.82 171.80 212.16 251.97
R1 13.52 21.28 38.62 53.15 59.51 83.93
R2 21.67 30.93 53.53 74.96 96.36 114.84
S 11.61 8.25 17.84 24.29 25.01 27.69
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Figure 2 — Cutting force measurements during machining with R1 tool (As = 30°)
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7. DISCUSSION

Several conclusions can be drawn from the force measurement results in
Figure 2. In the experiments with different feeds the highest force component was
the main cutting force (Fc), which was followed by the passive force (Fp) and feed
directional force (Fr). The constant section of the cutting forces shows the removal
of constant cross-sectional area of the chip (Ac), where the rotational turning shows
traditional turning-like characteristics. The run-in and run-out phases [6] can be
seen clearly in the figures, which is specified by the increase and decrease of each
cutting force component. These sections have a significantly longer part than in
traditional turning due to the high inclination angle of the helical cutting edge. For
the cases in Figure 2.a-b the passive force is nearly 60%, the feed directional force
is nearly 25% of the main cutting force. For the cases in Figure 2.d-f (where the
feed was much higher) the F; is nearly 50%, the Fr is nearly 30% of F.. Therefore, |
conclude that the ratio of the cutting force components alters with the increase of
the feed, and moreover with the direction of the resultant cutting force.

From the values of Table 1 the specific cutting forces (ki) of F¢, F, and Fr were also
calculated according to Equation 1. The calculation results are shown in Table 2.

Fi=ki-Ac — ki=Fi/Ac (i=cpf ;Ac=a-f) (D)

Table 2 — Values of the specific cutting forces

f [mm] 0.1 0.2 0.4 0.6 0.8 1
R1 | 5163.36 | 4124.76 | 3412.35 | 3003.83 | 2553.77 | 2761.74
S » | R2 | 5605.99 | 3940.18 | 3260.72 | 3039.72 | 2853.43 | 2688.51
[N/mm?]
S | 5556.39 | 4106.48 | 3252.35 | 2967.67 | 2886.28 | 2807.17
R1 | 3316.67 | 2498.67 | 1870.78 | 1604.87 | 1277.17 | 1451.63
ko
[N/mm?] R2 | 3639.15 | 2442.00 | 1804.48 | 1514.27 | 1340.72 | 1273.39
S | 7359.85 | 4680.19 | 3270.60 | 2863.32 | 2651.95 | 2519.72

R1 | 1352.19 | 1063.82 965.56 885.80 743.90 839.28
R2 | 2166.64 | 1546.47 | 1338.32 | 1249.27 | 1204.45 | 1148.43
S 1161.45 412.38 445.96 404.75 312.64 276.88

It can be seen in Figure 3 that | obtained nearly the same specific main cutting
forces (kc) with the three cutting tools in different feeds. Also, the load on the
specific cross section decreases with the increase of the feed due to the increase in
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the chip height. The load reduction is higher in low feeds (0.1 mm-0.4 mm) than in
high feeds (0.6 mm — 1.0 mm). Figure 4 shows the specific values of the passive
force, which decreases with the feed increasement, similarly to the k.. The k;
values become nearly constant after reaching 0.4 mm feed. The specific load of the
traditional turning tool (S) was nearly twice as that as of the machining with
rotational tools (R1, R2). Thus, | can conclude that the shape error can be lowered
by the application of rotational turning, due to the decrease in the radial force. The
lowest values of the specific feed-directional force were yielded with S, while the
highest values were obtained with R2. The ks can be considered constant after 0.2
feed.
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Figure 3 — Alteration of the specific main cutting force
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Figure 4 — Alteration of the specific passive force
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Figure 5 — Alteration of the specific feed-directional force

SUMMARY

The effect of the feed rate on the specific cutting forces was analysed in
different turning procedures during experiments. | carried out the experiments at 6
feeds with 2 rotational turning tools with different inclination angles and 1
traditional turning tool. Calculation of the specific cutting forces showed that the
specific main cutting force is nearly the same in rotational and traditional turning.
However, the specific passive forces are significantly lower in the rotational
procedure (nearly half as much as the traditional), while higher values were found
during rotational turning (2-4-fold increase) for the specific feed-directional forces
than the results of traditional turning. Accordingly, with the same cutting power
requirement the force trying to move a workpiece away from a tool will be lower
and the axial load on the spindle and tool holder will be higher in rotational turning
than in traditional procedure. Hence, we can expect a decrease in workpiece-
deflection related errors because the elastic deformation of the dynamical system
will be lower. The different axial force must be taken into account during the
construction or selection of the tool holder.

ACKNOWLEDGEMENTS

Project no. NKFI-125117 has been implemented with the support provided
from the National Research, Development and Innovation Fund of Hungary,
financed under the K_17 funding scheme.

The described study was carried out as part of the EFOP-3.6.1-16-00011
“Younger and Renewing University — Innovative Knowledge City — institutional
development of the University of Miskolc aiming at intelligent specialisation”
project implemented in the framework of the Szechenyi 2020 program. The
realization of this project is supported by the European Union, co-financed by the
European Social Fund.

93



ISSN 2078-7405. Cutting & Tools in Technological System, 2020, Edition 93

References: 1. J.G. Weisser Séhne GMBH & CO: Patent Anmeldung, St.Georgen, Germany, 2004;
2. Kundrak, J., Markopoulos, A. P., Makkai, T., Deszpoth, 1., Nagy, A.: Analysis of the Effect of Feed
on Chip Size Ratio and Cutting Forces in Face Milling for Various Cutting Speeds. Manufacturing
Technology Vol 18., pp 431-438, 2018; 3. Karpuschewski, B., Kundrdk, J., Varga, GY., Deszpoth, 1.,
Borysenko, D.: Determination of specific cutting force components and exponents when applying high
feed rates. Procedia CIRP Volume 77, pp. 30-33, 2018; 4. Denkena, B., Vehmeyer, J., Niederwestberg,
D., MAA, P.: Identification of the specific cutting force for geometrically defined cutting edges and
varying cutting conditions. International Journal of Machine Tools and Manufacture, Volumes 82-83,
pp. 42-49, 2014; 5. Tarag, Y. S., Hwang, T.S.: An investigation of the specific cutting force and its
direction factors in turning. Computers & Structures, Volume 53, Issue 4, pp. 937-945, 1994;
6. Kundrdk, J., Gyani, K., Deszpoth, |., Sztankovics, I.: Some topics in process planning of rotational
turning. Engineering review 34, pp. 23-32, 2014.

ImrrBan CtankoBUY, MIlTIKOJIBI, YTOpIIHHA

KOMITOHEHTH CHAJIH PI3AHHS I IX TATOMI 3HAYEHHS
IPU PI3BHUX MTOJJAYAX B YMOBAX POTAIIMHOIO TOYTHHS

AHoTauis. YV cmammi 00cnioxicyemvcs 3MIHA Cunu pi3aHHs npu  30ibuweHHi nodayi 8 npoyeci
POMayitino20 MOYiHHA. JJUHAMIKA 3MIHU CKAAOOBUX CUMU DI3AHHS AHANIZYEMbCS 34 OONOMO20I0
eKCnepumMennis, npoge0eHUX pIHUMU IHCMPYMEHMAamMu 3 DI3HOI 2eOMempier0 pi3anbHUX Kpauox i
DPO3paxo8yIombcs nUmMoMi cunu pisanna. OOHUM 3 8IOKDUMIMIE € MOJCTUGICIL eheKMUBHO20 ZHUICEHHSA
nAcusHoi cunu, wo Oi€ HA pPiNCYyuull iHCMpyMeHm, 3d OONOMO20K) POMAYIliHO20 MOYIHHA. B x00i
excnepumenmie Ha o6pobnomy yenmpi Perfect-Jet MCV-MS8 6ynu peanizosani xapakmepHi 0151 0ano2o
npoyecy pyxy. Excnepumenmansna sacomiena 3adcumanacb 6 wnumoeni gpesepHozo eepcmama,
00epmanHs K020 3a0e3neuysaio munose 00epmaibHUll pyx MOoKapHo2o 00pobnenus. Pixcyuuil
incmpymenm 6ye 3axpinienuil 6 npucmpoi eumiprosanus cunu (Kistler 9257A4), saxe posmiwyeanocs na
cmoni éepcmama. Inmepnonvoganuil Kpy208uil pyx pidicyuo2o iHCIMpYyMeHny 30 CHMOIOM 8epcmama
3abe3neuysano 6iOHOCHY Kpy208y nooayy HAGKOI0 3a20MO6KU. B excnepumenmax 3 pisnumu nooasamu
Hatleuwoi cknaoosoi cunu Oyna ocHosHa cuna pizanus (Fc), 3a saxoro crioysanu nacusna cuna (Fp) i
cnpsamosana cuna nooadi (Ff). Po3paxyHok numomux cun pi3anHs noKaszas, wo NUMOMI OCHOSHI Cuiu
pizanns maiidice 00HaxKogi npu pomayitinomy i mpaouyivinomy mouenuu. OOHAK NUMOMI NACUSHI CUTU
SHAYHO HUdCYe Nnpu pomayitiHit npoyedypi (Matixce 608i4i MeHwe, HidXC NpU MpaouyiliHill), 8 mou yac
SK npu pomayitinomy modyinni 6ynu eusgieni Oinbus 6UCOKI 3nauenns (30invuwenns @ 2-4 pasu) ons
NUMOMUX CUTL HANPAMKY NOOayi, HIdIC npu mpaouyiinii moxaphiu oopobyi. Bionosiono, npu oonaxosux
BUMO2AX 00 NOMYIHCHOCMI PI3AHHSA 3YCUILIA, WO HAMALAEMbCS 8I0CYHYMU 320MOBKY 6I0 IHCIMPYMeEHNTy,
Oyoe Hudicye, a 0Cb0BA HABAHMANCEHHA HA WNUHOETb | Oepacaska iHcmpymenmy 6yle euwje npu
obepmanni, Hixe npu mpaduyiunin npoyedypi. Omoice, MOJUCHA OUIKYBAMU 3MEHUIEHHS NOMUIOK,
NO8'A3aHUX 3 NPO2UHOM Oemaii, OCKIIbKU NPYHCHA Oeghopmayis OUHAMIYHOT cucmemu Oyoe MeHue.
Pisna ocvose 3ycumns HeoOXiOHO 6paxogyeamu npu 6UcOmoeieHHi abo eubopi depawcameins
incmpymenmy.

Kuti040Bi ciioBa: cuna pizanns; pomayiiine moYiHHs, N0O0A4a; NACUBHA CKIA008A CUNU DI3AHHSA; 0CbOGe
3yCUNIA.
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