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Efficiency of machining in automated production can be raised if cutting modes of machining
vary depending on performance of cutting process and wear of the cutter. The random character of the
tool wear is determined first of all by machining conditions of which are fluctuations of regimes of
cutting, feeding of metal cutting lubricant and its kind, geometry of the tool, properties of the work and
machining materials, operation parameters of the machine-tool etc. Impact of random factors on cutting
tool wear character and intensity in case of machining of steels of 45, 40X, 30 XM and 20X13 grades by
varying regimes of cutting has been studied. Interconnection between wear of the back surface and
stability parameters. In Fig.1,2,3,4 by 23 scheme curves of h, = f(T) dependency are plotted for all
cases. By a program developed for multifactor regression analysis statistical processing of experimental
data has been carried out resulting in the following mathematical models of connections - tools stability
model T = f(V,S,T,HRA,HB,h,), tools wear intensity model Vh, =f(V,S, T, HRA, HB), tools
wear model h, =f(V,S, T, HRA, HB,), tools wear statistical characteristics - standard deviation (ohs)
and dispersion (vhs).

Key words: cutting edge, wear, operability, stability, cutting mode, wear intensity, cemented
carbide alloy.

Introduction

In spite of the fact that the above subject matter is a very important problem in raising
the degree of cutting tools’ operability, however, the analysis of publications shows that they
have not completely clear up the problem under discussion [1].

For this reason a necessity emerged to carry out special experimental studies a part of
their results is presented below.

Problem statement

Use of cutting tools in flexible systems of production shows that operation of each unit
of tools, as a rule, is implemented by stable modes of machining, regardless of the list of work
pieces. This is explained by difficulty of determination of possible duration of cutting tool
stability. In an automated production efficiency of machining can be raised if cutting modes of
the tool be changed depending on performance and wear of the tool [2].

It has been found that random character of the tool wear is conditioned by a numbers of
factors. First of all by machining conditions, of which are variation of cutting modes, supply of
cutting lubricant and its kind, geometry of the tool, properties of the cutting tool and the
workpiece materials, operational parameters of the machine-tool etc. Revelation of impact of
random factors depending on cutting tools wear character and intensity is of intense practical
interest [3]. Based on the above mentioned factors the given process was studied and found
interrelationship between wear at the back surface of cutters and stability parameters in order to
raise effectiveness of machining process and performance of cutting tools.

Wear intensity and nature of cutting tools for steels of 45, 40X, 30XM, and 20X13
grades have been studied.

Dimensions of test part round blanks are D=100mm (diameter), L=1000mm(length).
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Experiments have been made by cutting tools equipped with triangular T15K6 cemented
carbide alloy tip. The following parameters of cutting modes have been chosen for steels of 45,
40X, and 30XM grades:

Viin =50 (m/min); S_;, =0.1(mm/rev); t .. =0.5 (mm),

V.. =80 (m/min); S, =0.3(mm/rev); t . =15 (mm),

As for steel 20X13 the following mode parameters of cutting were chosen:
Vin =80 (m/min); S, =0.1(mm/rev); t_. =2 (mm),

V.. =150 (m/min); S, =0.5(mm/rev); t . =5 (mm),

Research results
During study the following hardness numbers variations of tools and work pieces have
been found

Steel Brinell hardness Rockwell A
Grade number hardness number
45 HB 198 - 207 HRA 90,9 - 91,6
40X HB 297 - 371 HRA 90,2 -91,7
30XM HB 78 — 341 HRA 90,5 -91,8
20X13 HB 153 - 185 HRA 90,3 -91,3

For each machining by cutting mode parameters five repetitions were made. For each
batch of experiments the dynamics of the back surface wear of cutting tools were revealed
(Tables 1,2,3,4...) and wear (hs) dependence from its stability time T. Dependence graphs have
been plotted for all cases (Fig.1,2,3,4...) by 2(6-3) scheme.

Table 1
Wear dynamics of the cutting edge when turning steel of 40X grade blank by the following
parameters of variable modes

V., =200 (m/min); S, ., =1.2(mm/rev); t_ . =2 (mm),

No 1 2 3 4 5

HRA | 90,3 | 91,3 | 90,2 | 90,5 91

HB 330 307 197 341 317

2 0,12 | 0,06 | 0,11 | 0,14 | 0,08

5 0,28 | 0,14 | 0,21 | 0,24 | 0,17

10 0,37 | 0,26 | 0,33 | 0,35 | 0,28

20 057 | 046 | 054 | 0,51 | 0,48

30 0,78 0,8 0,76 | 0,72
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Figure 1. Impact of cutting speed, feed, and feed depth on wear in machining steel of 40X grade
when Vmax=200m/mim, Smax=1,2mm/rev., tmin=2mm

Table 2

Wear dynamics of the cutting edge when turning steel of 45 grade blank by the following

parameters of variable modes when

V., =200 (m/min); S_, =0.5(mm/rev); t_., =5 (mm),
No 1 2 3 4 5
HRA 91,6 91 90,8 91,4 91,8
HB 188 208 205 195 205
2 0,03 0,11 0,09 0,08 0,04
5 0,09 0,27 0,16 0,15 0,11
10 0,16 0,39 0,33 0,26 0,19
20 0,33 0,56 0,48 0,44 0,43
30 0,54 0,75 0,7 0,64 0,55
40 0,74 0,98 0,86 0,84 0,75
50 0,94 1,13 1,05 1,02 0,99
60 1,19 1,42 1,32 1,26 1,27
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Figure 2. Impact of cutting speed, feed, and feed depth on wear in machining steel of 45 grade when
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Table 3

Wear dynamics of the cutting edge when turning steel of 20X13 grade blank by the following
parameters of variable modes when

V. =150 (m/min); S, =0.1(mm/rev); t_ . =2 (mm),

No 1 2 3 4 5
HRA 91,1 90,4 91,2 90,6 92
HB 137 148 172 181 175
5 0,06 0,04 0,07 0,09 0,07
10 0,11 0,09 0,13 0,15 0,14
20 0,18 0,18 0,2 0,22 0,21
30 0,26 0,25 03 03 0,31
40 0,35 0,36 0,37 0,38 0,4
50 0,44 0,43 0,46 0,49 0,47
60 0,54 0,52 0,55 06 0,57
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Figure 3. Impact of cutting speed, feed, and feed depth on wear in machining steel of 20X13 grade

when Vmax=150m/mim, Smax=0,1mm/rev. tmin=2mm

Table 4

Wear dynamics of the cutting edge when turning steel of 30XM grade blank by the following
parameters of variable modes when

V.. =80 (m/min); S, =0.3(mm/rev); t_ ., =1.5 (mm),

No 1 2 3 4 5
HRA 91,5 91,4 911 91,5 91,5
HB 318 304 304 327 327
10 0,18 0,2 0,26 0,25 0,29
20 0,32 0,33 0,4 0,34 0,4
30 0,41 0,45 0,52 0,46 0,51
40 0,55 0,54 0,61 0,6 0,65
50 0,67 0,65 0,72 0,75 0,73
60 0,85 0,83 0,91 0,89 0,9
50 0,67 0,65 0,72 0,75 0,73
60 0,85 0,83 0,91 0,89 0,9
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Figure 4. Impact of cutting speed, feed, and feed depth on wear in machining steel of 30XM grade
when Vmax=80m/mim, Smax=0,3mm/rev. tmin=1,5mm

For steels under study root-mean-square deviation of the cutting tool cutting edge
increased during machining process and dispersion — decreased. At that the curve of the root-
mean-square deviation had a character of the tool wear, that is in 8-10 time period we have
intensive wear (run-in) zone, at a later time — (normal working) and catastrophic wear zones. In
the first zone the wear curve had underwent essential oscillations and had no definite direction.
For this reason cutting tool wearing process modeling has been done for the second zone. The
root-mean-square deviation of the wear in case of optimal comparison of hardness of the tool
and work piece materials depending on the time was 0,0205-0,0305, and in case of not optimal
comparison (HB-max, HRA-min) it was 0,0259-0,384. In case of optimal comparison root-
mean-square deviation decreased by 21 percent.

It has become clear that in case of smooth machining all steels under study depending
on parameters of cutting modes of turning in 2-60 minutes time interval cutting speed decreased
in the main slowly and negligibly. Therefore, it can be assumed invariable. However, in 8-10
minutes time interval (running-in zone of the tool) tool-wear rate is 1,5-2 times higher than in
the normal wear zone. In case of rough work of steels of all grades normal wear from 5-10 to
50-70 minutes interval tool-wear rate can be considered constant, however 1,5-2 times lower
than in smooth machining.

On the bases of obtained experimental data processing mathematical models of
connections have been developed having the following form:

Tools stability model — T=f(V,S, T,HRA,HB,h3).

Tools wear intensity model — Vh3=f(V,S, T,HRA,HB),

Tools wear model — h3=f(V,S,T,HRA,HB),

Tools wear statistical characteristics - root-mean-square deviation (ch3) and (Vh3)

For steel 45
T-dependence is negligible,

h, =—-9.567+ 095S + 0.6t + 0.006HRA + 0.019HB + 0.006T , (1)
oh, =0.195-0.01v —-0.06S — 0.1t —0.07HRA - 0.12HB - 0.78T , (2)
vh, =-26.742-0.8V +0.201S +0.074t + 0.254HRA + 0.14.HB - 0.77T , (3)
Vh, =-21.056+0.914S + 0.094t + 0.017HRA + 0.025HB : (4)
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For steel 40X
T-dependence is negligible,

h, =71.615+1.16S —0.07t —0.08HRA + 0.024HB + 0.009T , (5)
oh, =2.131-0.27V +1.38S —0.24t —1.3HRA + 0.754HB — 0.41T , (6)
vh, =24.0439-0.33vV +0.18S - 0.13t —0.39HRA + 0.24HB - 0.88T , (7
Vh, =69.076+1.17S —0.07t —0.07HRA + 0.23HB:: (8)

For steel 30XM
T =-1842.393 0.44V-61S-1.6t+1.35HRA+0.109HB+ 61.6h3, 9)
h, =21.958+0.07V+0.985S+ 0.025t- 0.02HRA + 0.015T, (10)
oh, =0.348+0.103V+0.504S+0.163t- 0.09HRA-0.03HB- 0.63T, (11)
vh, =-1.343-0.27V-0.085+0.015t+ 0.039HRA-0.03HB-0.83T, (12)
Vh, =41.292+0.004V+1.2S+0.02t- 0.04HRA: (13)

For steel 20X13

T =12160.959-0.49V-35S-t-7.6HRA-0.34HB+ 43.8h3, (14)
h, =185.782+0.011V+0.799S+ 0.024t+ 0.179HRA+ 0.008HB+ 0.013, (15)
oh, =1.298-0.2V+0.4S+0.116t- 0.18HRA+0.19HB+ 0.048T, (16)
vh, =-1.417-0.33V-0.09S-0.05t+0.014HRA+ 0.031HB-0.84T, 7)
Vh, =-216.021+ 0.009V+0.779S+ 0.02t+ 0.209HRA + 0.008HB: (18)

Models 1 -20 are equivalent which is shown in Table 5, this can be evaluated as satisfactory.

Table 5
Quality of 1-20 models equivalency
Model Determination factor R? Degree of determination factor Fisher’s coefficient :F
o impact P

1. - - -

2. 0,999 0,000000 181949,8
3. 0,561 0,000000 11,4398
4. 0,631 0,000000 14,43370
5. 0,999 0,000000 449129,9
6. - - -

7. 0,999 0,000000 319230,7
8. 0,358 0,000362 5,369942
9. 0,819 0,000000 36,63906
10. 0,999 0,000000 1390265
11. 0,935 0,000000 115,7391
12. 0,999 0,000000 502231,5
13. 0,5579 0,000000 10,88894
14. 0,7286 0,000000 22,03894
15. 0,999 0,000000 271990,1
16. 0,633 0,000000 16,56992
17. 0,999 0,000000 80275,36
18. 0,142 0,037394 2,463527
19. 0,754 0,000000 28,14314
20. 0,999 0,000000 77338,66
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Regression analysis of the developed models has shown that impact of cutting speed,
feed, and feed debt on cutting tool wear and root-mean-square deviation and variation
coefficient is different. The cutting speed impact on the cutter wear and its root-mean-square
deviation is higher than cutting feed and feed debt. On the contrary, feed and feed debt impact
on variation coefficient is higher than cutting speed. Wear of the tool by increase of cutting
speed, feed, and feed debt increases, but in that case its root-mean-square deviation that is also
increases, that is wear values dispersion. The dependence of the variation coefficient from
cutting speed and feed has an extremal character which means that by the feed increase
variation coefficient also increases and its minimum value is shifted towards the cutting speed.

Conclusion

The developed connection models take into consideration not only impact of cutting
speed, feed, and feed debt onto cutting tools wear and their statistical characteristics but also
their interference, and physical-mechanical properties of work piece and tool materials as well
[5]. Statistical optimization of the cutting process enables to create conditions under which
minimum intensity of cutting tools wear and minimum dispersion of the wear value are
obtained.

On the basis of the developed connection models we can determine optimal stability of an
edge-tool and its statistical characteristics while machining steels by variable cutting modes [6].
Raising guarantied stability of edge-tools up to optimal stability will increase endurance of
cutting tools and ensure high economy.
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NN1LNUSh PNPNRULLUUL USPUUL NEdhULEMNY USULU UL HNENhU
USrhAL6Nh WShuuSNrLUUNRE3UL <ESURNSNRUL

M. 3n1. Fwuwwpjw
Cnphh ipbutininghwlwl hwdwuwpwt

Ugunndwunwgywd wpunwnpnyeiniunid dowlwdwt wpryniwwybnngeniup Yupbih £ pwpépwgub,
Lt thnthnjubup dowlydwu Yunpdwu nbkdhdubpp’' Ywhujws Yunpdwu wpngbup
wpunwnpnnulwunyeniuthg U gnpdhph  dwohg:9npdhph  dwowdnipjwu  ywwwhwywu  punypep
npnynud £ bwfu b wnwy dwydwu wwjdwuubpny, npnughg Gu Yunpdwu ntidhdubiph wwwnwunwiubnp,
puntwhnywgunn htnnwyutiph dwwnnignwip b whwp, gnpdhph Gplypwswihnieyniup, dowynn b dowlyynn
unetinh hwwnynigyniutipp, hwuwngh swhwgnpéwlwu wwpwdbinpbpp bW wyu: Nwnwuwuppdb) £
wwwnwhwlwu gnpdnutbiph wanbignyeiniup Yupnn gnpdhph dwdwu punyph W hunbuuhynipjwu Ypw
wnnwwwn 45-h, 40X-h, 30XM-h L 20X13-h thnihnfuwlwu Yupdwu nbdhdubpny dowlydwu nbwpnid:
Pwgwhwynyb| £ Yuphsubiph hGwpt dwybplnyeny dwodwu b Juyniunygjut wwpwdbnpbph dhol
thnfuwnwpé Yuwp: 263 ufudwiny, pninp nbwptiph hwdwp Yunnigdt) £ h, = £(T) Ywiudwdniejwu
gnpwdhyutipp (uy.1, 2, 3, 4...): Pwqdwgnpdnu nbtgptiuhnu dbipindnpjwu dpwgpny Yuwwwnyby k
thnpduwywu  wjjwiubph  Ypdwlwgpulwu  dowynd, nph  wpryniupnd unwgylp Bu Juwbiph
dwebdwwhlwlwu  dnnbjubp  hbwlw]  wbupnd.  gnpdhpubph  Ywjnwnugjuu  dnnbp -
T=1fV,S,T,HRA HB,h;), gnpdhpubiph dwaodwu huwnbuuhynipjwu dnnby -

Vh, =f(V,S, T, HRA HB), gnpdhputiph dwph dnnb - h, =f(V,S, T, HRA, HB,), gqnpdhpubiph
dwoh Yypbwlwgpulwu punypwgptipp' dhohtu pwnwlnwwihu stinnuwip (ohs) W nhuwbipuhwt (vhs):

Pwuwih pwnbp. Ywpnn Ggp, dwoqwdnipniu, woluwwnniiwynyeinit, Juyniunyeiniu, Yupdwu
ntidhdubip, dwadwu hunbuuhynip)niu, dbnwnwybpwdhulwu Yunpdp hwdwéanyywdp:
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HNCIIEJOBAHUE PABOTACIIOCOBHOCTH PE31IOB IIPU OBPABOTKHA CTAJIA
C PASHBIMU PEXKUMAMMU PE3AHUSA

IL.IO. I'acnapsin
L ywunckuil mexnoao2uyeckull yHugepcumemn

B aBTOMaTH3MPOBAaHHOM TIPOM3BOACTBE MPOHM3BOJUTEIHFHOCTE OOpPAOOTKH MOYKHO
MOBBIIATh, MNPH HW3MEHEHUH PEXHMOB pe3aHus oO0pabOTKH, B 3aBUCUMOCTH OT
IPON3BOUTEIILHOCTH TIPOIIECCa PE3aHNs M M3HOCAa HHCTpYMeHTa. CllyJaifHbIi XapakTep H3Hoca
WHCTPYMEHTA OMNpEIeseTcss MpeXkIe BCEro YCIOBUSMH 0O0pabOTKH, KOTOPBIMHU SIBIISIOTCS
KoJIeOaHus peXKMMOB pe3aHus, Moavda U THII CMa30YHO-0XJIaKAAIOUINX KUAKOCTEH, TeOMEeTpusl
WHCTPYMEHTA, cBoiicTBa  oOpalOarpiBafOIMX ®W  00pabaThIBaéMBIX  MaTEepHAJOB,
OKCILUTYyaTallMOHHBIC ITapaMCTPhI CTAHKAa UT.

HccnenoBan mpouecc ToueHus craneii Mmapok craib 45; 40X; 30XM; 20X13 B mmpokom
JMana3oHe W3MEHEHHs pEeKUMOB pe3aHHs TIpH JEWCTBHM BO3MYLIAIONIMX  (aKTOPOB
HECTAOMJIBHOCTH PEXYIIMX CBOMCTB MHCTPYMEHTa M 00pabaThIBAEMOCTH 3aroTOBKH Ha
XapakTep ¥ MHTEHCHBHOCTh M3HOCA WHCTPYMEHTA. Y CTAaHOBJIEHA B3aWMOCBS3b M3HOCA 3aHEH
MOBEPXHOCTH M TapaMeTpamMH CTOWKOCTH pe3noB. [lo cxeme 26-3 TonydeHBl KpHUBBIE
peamusanuu  GyHKuud h, = f(T) (puc.l, 2, 3, 4, ...). Ilo nporpamme MHOro(pakTOpHOTO

PETPECHOHHOTO aHalIu3a MPOBEJIeHa CTaTHCTUYecKas 00paboTKa IKCIIEPEeMEHTANBHBIX TaHHBIX,
B pe3ysibTare KOTOPOW TONyYeHBl MaTeMaTH4eCKUE MOJIENN CBs3ed B cleayromei (opme;
MoOzieNlb  CTOMKOCTH uHCTpymeHTa: T = f(V,S,T,HRA /HB,h,); Moziens HHTEHCUBHOCTH

W3HALIUBAHUSL: Vh, =f(V,S, T, HRA HB); MOJEIb H3HOCa WHCTPYMEHTA!
h,=f(V,S,T,HRA HB,) ¥ uX CTaTHCTHYECKUX XapaKTEPUCTUK: CPEIHE KBaIApPaTUYECKOE

oTkiIoHeHHe (oh3) u aucnepcus (vhs):

KiroueBbie ciioBa. Pexyiias rpaHb, W3HOIICHHOCTb, PabOTOCIIOCOOHOCTh, CTOMKOCTS,
PEKUMBI pe3aHVsl, THTEHCUBHOCTh M3HAWMBAHUS, METAJIOKEPAMUYECKUE TBEP/IbIC CIIIIABHI.
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