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Mathematical model of cutting process of cutting tools with a
side-mounted multifaceted, requiring no sharpening plates

The article presents the results of experimental research of the cutting process with cutoff tools with
laterally mounted multifaceted unresharpenable plates (MUP), which allowed to confirm their efficiency
and progressiveness. As a result of research and experimental data processing, for the first time, the
mathematical models were obtained that adequately describe force parameters (Pz and Py) of cutting
process by the proposedcutoff tools. The rational values of rake and relief angles are determined.
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Trends in the development of modern tool production determine the widespread implementation into
the machine-building industry of metal-cutting assembled tools with mechanical mounting of multifaceted
unresharpenable plates (MUP). The conditions of operation of this type of tools significantly affect the way of
mounting and fixing of the cutting plates. From the literature sources [1, 2] radial and tangential mounting of
MUP are known (Fig. 1). In case of the radial mounting of MUP (along the front surface), the cutting force acts
on a smaller overcutting of the plate, which limits the permissible feed of the instrument. With the tangential
mounting of MUP (along the back surface), the force of cutting takes up larger overcutting of the plate and
therefore a significant increase in feed is allowed.

a) b)

a) radial b) tangential
Figure 1. Ways of MUP mounting

However, none of these mounting methods presupposes the use of MUP for assembled cutoff tools due to
the large cutting area width.

The attempts to use MUP for cutoff tools at their lateral installation (along the lateral surface) are known
and lateral fixing to cutter body (Fig. 2) [3]. The disadvantages of these designs are the complexity of the design
of the plates, the low reliability of MUP fixing, the limitation of the depth of the grooves due to MUP basing
simultaneously on the supporting and thrust surfaces - up to 6.5 mm, which limits the scope of the use of these
cutting tools.

| a7

Figure 2. Groove cutters with lateral mounting of multifaceted plates

In order to eliminate the disadvantages listed above, the authors [4] for the first time proposed a new
«lateral> scheme of installation of a multifaceted unresharpenable plate and on its basis a design of a cut-off
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tool with a laterally mounted MUP (Fig. 3, 4), consisting of a holder (1), hook (2), screw (3), and multi-faceted
unresharpenable plate 4. In this design of the cutting tool, locating and fixing of MUP is carried out only on
the thrust surfaces, which significantly increases the length of the cutting part and makes it possible to perform
cutting of rods with a diameter of up to 24 mm.
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Figure 3. Design of assembled cutoff tool Figure 4. General view of cutoff tool
with lateral mounting of MUP with lateral mounting of MUP

However, the force parameters (Pz and Py) of the cutting process with the proposed cutting tools remain
unexplored till now, and as a result, the rational geometrical parameters of the proposed tools (the value of
rake v and relief « angles), which is proposed to be performed in this paper.

Research results

Experimental investigations of the cutting process by cutoff tools with laterally mounted MUP were performed
in laboratory conditions on a screw-cutting lathe of 1K62 model (Fig. 5).

Figure 5. General view of experimental study of force parameters of cutting process with cutoff tool

The cutting forces were determined with the help of an electric universal dynamometer UDM-600 with a set
of amplifying and indicating equipment. Measurements of the components of the cutting forces were carried out
experimentally on two axes of coordinates: Pz — vertically; Py — perpendicularly to the axis of the workpiece.
In experimental studies, cylindrical workpieces were used. The outer diameter of the workpieces was D = 20
mm. The material of processed workpieces was Steel 45.

In the first series of experiments, three experiments were carried out to measure the cutting forces at different
values of cutting speed of vl = 20 m/min, v2 = 31.4 m/min, v3 = 40 m/min, but with a fixed value of rake
angle v = —5° and feed s1 = 0.07 mm/rev. The value of the components of the cutting forces in each experiment
was entered in Table 1.

In the 2nd series of experiments, 3 experiments were carried out to measure the cutting forces at different
values of cutting speed v1 = 20 m/min, v2 = 31.4 m/min, v3 = 40 m/min, but with a fixed value of rake angle
v = —5° and feed s4 = 0.12 mm/rev.

In the 3rd series of experiments, 3 experiments were carried out to measure the cutting forces at different
values of cutting speed v1 = 20 m/min, v2 = 31.4 m/min, v3 = 40 m/min, but with a fixed value of rake angle
v = —6° and feed s2 = 0.074 mm/rev.

In the 4th series of experiments, 3 experiments were carried out to measure the cutting forces at different
values of cutting speed v1 = 20 m/min, v2 = 31,4 m/min, v3 = 40 m/min, but with a fixed value of rake angle
v = —6° and feed s3 = 0.097 mm/rev.

In the 5th series of experiments, 3 experiments were carried out to measure the cutting forces at different
values of cutting speed v1 = 20 m/min, v2 = 31,4 m/min, v3 = 40 m/min, but with a fixed value of rake angle
~v = —8° and feed s2 = 0,074 mm/rev.
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In the 6th series of experiments, 3 experiments were carried out to measure the cutting forces at different
values of cutting speed v1 = 20 m/min, v2 = 31.4 m/min, v3 = 40 m/min, but with a fixed value of rake angle
v = —8° and feed s3 = 0.097 mm/rev.

Let us derive the equation of vertical (main) Pz and radial Py of the cutting forces components for each fixed
value of rake angle vy according to the experimental data presented in Table 1. In this case, the components of
the cutting forces are functions of the arguments: the feed S (mm/rev) and the cutting speed V (m/min). Since
the measurement of the components of the cutting forces was performed for two values of the feed S (mm/rev),
the response surface can be restored as lined one.

Table 1

Results of experimental data of the research of cutting process with
cutoff tools with lateral mounting of MUP

. Cutting force
Series No. | Experiment No. Cutting modes components
v, degrees | S, mm/rev | n, rev/min | v, m/min | Pz, N | Py, N
1 1 -5 0.07 315 20 1600 650
2 -5 0.07 500 314 2000 780
3 -5 0.07 630 40 2225 920
2 4 -5 0.12 315 20 1600 650
5 -5 0.12 500 314 1900 780
6 -5 0.12 630 40 2250 940
3 7 -6 0.074 315 20 1500 600
8 -6 0.074 500 314 1800 720
9 -6 0.074 630 40 2225 920
4 10 -6 0.097 315 20 1815 650
11 -6 0.097 500 314 1900 780
12 -6 0.097 630 40 2100 820
) 13 -8 0.074 315 20 2225 920
14 -8 0.074 500 314 2400 940
15 -8 0.074 630 40 2600 1100
6 16 -8 0.097 315 20 2720 | 1180
17 -8 0.097 500 314 2720 1180
18 -8 0.097 630 40 3100 | 1310
7 19 - 10 0.07 315 20 2400 940
20 - 10 0.07 500 314 2700 | 1080
21 -10 0.07 630 40 3100 | 1310
8 22 -10 0.12 315 20 3250 | 1380
23 - 10 0.12 500 314 3330 | 1395
24 - 10 0.12 630 40 3540 1415
As it is know, the line surface has the following equation:
P(S;V) = f(0;V)- (1 —w) + f(1;V) - w, (1)

where w is normalized value (0 < w < 1), which corresponds to the variable S, being connected with the former

by the following formula:

_S=5

S-S

where Sy is the first and S - the last experimental value of the feed S.
The formula (2) transforms the segment [S1; Sk] to unit segment [0; 1].
The functional dependences f(0;V) and f(1;V) at fixed feed values S are obtained by the least square

method (LSM) by setting unknown values of the coefficients a and b in the formulas:

w

(2)

F0;V) =aVP;  f(LV) =a V™. (3)
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For the realization of LSM we apply CAS Maple 15, namely the Nonlinear Fit command from the Statistics
package, which performs nonlinear approximation of experimental data [5]. Applying it to experimental depen-
dencies (Vi; Pi) for all cases of fixed values of rake angle v and feed S, we obtain the analytic dependencies of
the form (3), which are given in Table 2.

Table 2
Analytical dependences f (0; V) and f (1;V), reestablished by means of experimental data

v, degrees P, P,
f(0;;V) f(L5V) f(0;;V) f(L5V)
-5 386.094 - VU470 [ 358.601 - V0493 | 141.908 - V0-503 | 127.914 . y/0-536
-6 260.391 - V0575 [ 985.635 - VO-195 | 87.988 - V0628 [ 299 075 . V0248
-8 1139.795 - VO0-221 1 1579.327 . VO-17% | 429,294 . V0-246 | 768142 . V0-138
-10 788.178 - VU367 1 2273.029 - VU117 | 217.021 - V0480 [ 1242.151.7/0-035

According to the formula (2) let us calculate the values of the expressions w and (1-w) for each fixed value

of the rake angle . The results of calculations are presented in Table 3.

Table 3
Expressions of normalized variable w and (1-w), found from experimental data
v, degrees w (1-w)
) 20.000S — 1.400 | 2.400—20.000S
-6 43.4785 — 3.217 | 4.217—43.478S
-8 43.4785 — 3.217 | 4.217—-43.4785
-10 20.000S5 —1.400 | 2.400—20.000S

Substituting found expressions from Tables 2 and 3 in the formula (1), we obtain the approximating equations

for the vertical (main) P, (Table 4) and the radial P, components of the cutting forces (Table 5).

Table 4
Approximation equation of the vertical (main) component of the cutting force P,
v, degrees Equation Maximum relative error, %
-5 (386.094 - VO-176) (2.400 — 20.0005) + 3.4
+ (358.601 - V0+493) (20.0005 — 1.400)
—6 (260.391 - VO-575) (4,217 — 43.4785) + 6.5
+ (985.635 . V0'195) (434785 — 3.217)
-8 (1139.795 . V0'221) (4.217 — 43.4785) + 5.8
+ (1579.327 - VO-174) (43.4785 — 3.217)
-10 (788.178 - VO-367) (2.400 — 20.0005) + 3.3
+ (2273.029 - V117) (20.000S — 1.400)
Table 5
Approximation equation of the radial component of the cutting force P,
v, degrees Equation Maximum relative error, %
-5 (141.908 . V0'503) (2.400 — 20.0005) + 3.9
+ (127.914 - V0-536) (20.0005 — 1.400)
6 (87.988 - VO-528) (4.217 — 43.4785) + 8.2
+ (299.075 - V0-248) (43.4785 — 3.217)
-8 (429.294 . V0'246) (4.217 — 43.4785) + 6.5
+ (768.142 - VO-138) (43.4785 — 3.217)
-10 (217.021 - V480 (2.400 — 20.0005) + 5.3
+ (1242.151 . V0‘035) (20.0005 — 1.400)
Graphs of line surfaces P, (S;;V) i P, (S;;V)are given in Figures 6, 7.
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Figure 6. Graphs of line surfaces P,(S; V)
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Figure 7. Graphs of line surfaces P,(S;V)
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Conclusions

Experimental studies of the cutting process with proposed cutting tools with laterally mounted MUP, carried
out in laboratory conditions, allowed to confirm their performance. As a result of these studies and the processing
of experimental data, mathematical models were first obtained that adequately describe the force parameters
(Pz and Py) of the cutting process with the proposed cutting tools. It is found that it is inappropriate to perform
negative rake angles v> -60, since this results in a significant increase in the cutting forces and relief angles
must not be o <60, as this leads to the rubbing on the back surface. There are no other principal differences
in the cutting conditions by proposed cutting tools and MUP from those previously known, which allows to
consider, with high level of reliability, that all the basic modes of their operation and performance indicators
are identical.
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ByiiipJi opHaTblIFaH KONKBIPJIbI KalipaJMalThIH ILJIACTUHAJIAPIbI
KeClJITeH KecKinITepMeH Kecy MPOIIEeCiHiH MaTeMaTUKaJIbIK MOJdei

MakaJsaga Oyitipsii OpHATBIIFAH KOIKBIPJIbI KaflpaaMaiThIH [IJIaCTUHAJJIAP/IbI KECIJIreH KeCKIITepMeH Kecy
IIPOIIECiHIH SKCIIepUMEHTAJIABI 3ePTTEYIIED, OJIAPIBIH, 2KYMBIC 2Kacay MYMKIHJIIrN MeH IPOrPEeCCUBTIIIriH pac-
TaNTHIH HOTHKeIEePi OepinreH. 3epTTey epai XKYpris3y KoHe IKCIIEPUMEHTAJIIbI HOTUKEIEP/Il OHIeY HOTHIKE-
ciHJIe YCBIHBLIBIN OTBIPFAH KecKimrepMen kecy npouecinin (Pz xxone Py) Ky napamerpiepid cunartaiTbia
aJIFAIIKbI PET MaTEMATHKAJIBIK MOJEIbIEP] ajablHFaH. AJIBIHFBI 2KOHE apTKbl OYPBIIITAD/IBIH PAIMOHAJ B
MOH/IEP] KeJITipijreH.

Kiam cesdep: KuHaJFaH KECETIH KECKII, KOMKBIPJBl KAWpaIMaiTBHIH KEeCEeTiH MJIACTHHA, MEXAHUKAJIBIK,
OekiTkir.

B.A. Hacracenko, M.B. Babwuii, B.O. IIponenko

Maremarudeckas MOJeJIb IIpoLecCa pe3aHnd OTPE3HbIMU pPe3lnaMn
c OOKOBOI1 yCTaHOBKOﬁ MHOT'OT'PaHHBbIX HellepeTadMBaeMbIX ITJIaCTHH

B crarbe mpeacrasiieHbI pe3ysbTaThl SKCIEPUMEHTAILHBIX HCCJIEIOBAHUAN IIPOLECCa PE3aHMsl OTPE3HBIMU
pesnaMu ¢ GOKOBO# YCTAaHOBKOI MHOTOTDAHHBIX HENEPeTadYNBAEMBIX IIJIACTHH, ITO3BOJIMBIINE IIO/ITBEPIAUTH
nx paboTOCIOCOOHOCTD U MPOTrPECCUBHOCTL. B pe3ysbrare BLIIOJHEHUS NCCIIEIOBAHAN U 00pabOTKI IKCIIe-
PUAMEHTAJILHBIX JAHHBIX BIIEPBbLIE ITOJIYI€HbI MATEMATHIECKNE MOJEJIN, aIeKBATHO OIMCHIBAIONINE CUIOBbIE
napamerpsl! (Pz u Py) nponecca pesanus npemiaraembpiMu pesnamu. Onpe/iesieHbl palioHaIbHbIe 3HAYCHUS
IIepeJIHEro U 33/IHETO YIJIOB.

Karoueswie caosa: cOOPHBIN OTPE3HO pe3ell, MHOIOIDaHHas HellepeTadnBaeMasl PeXKyIast IIJIaCTUHA, MeXa-
HUYECKOE KPeIlJIEHUE.

Cepust «Maremarukas. Ne 4(92)/2018 137



V.A. Nastasenko, M.V. Babiy, V.A. Protsenko

References

1 Khaiet, G.L., Gakh, V.M., Gromakov, K.G., Guzenko, V.S., Ivchenko, T.G., Loktev, A.D., & Muzykant,
Ta.A. (1989). Sbornyi tverdosplavnyi instrument [Built-up carbide Tooll. G.L. Khaiet (Ed.). Moscow:
Mashinostroenie [in Russian].

2 Ryzhkin, A.A., Shuchev, K.G., Skhirtladze, A.G., Bokov, A.L., & Aliev, M.M. (2009). Rezhushchii instrument
[Cutting tool: study guide]. Rostov n/D: Feniks [in Russian].

3 Kataloh firmy ISCAR. Otrezka. (2010) [Catalog of the company ISKAR. Segment]|. iscar.com. Retrieved
from http://www.iscar.com [in Russian].

4 Patent Rossiyskoi Federatsii na izobretenie No. 2366542. Sbornyy otreznoy rezets i rezhushchie plastiny k
nemu. Zaiavka No. 2007111687. ot 29.03.07 h. Avt. izobr. Nastasenko V.A., Babiy M.V. [Built-up cuttoff
tool and cutting plates for it. Patent Rossiiskoi Federatsii na izobretenie No. 2366542.] BI 2009. No 25 ot
10.09.09 h. [in Russian].

5 Rodzhers, D., & Adams, Dzh. (2001). Matematicheskie osnovy mashinnoi hrafiki [Mathematical foundations
of computer graphics]. Moscow: Mir [in Russian]|.

138 Bectnuk Kaparanmguackoro yHuBepcureTa





