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MATEMATHUYECKASA MOJEJIb PAIIMOHAJIBHBIX
PEXKMMOB PE3AHUSI TOKAPHOM OBPABOTKH B MATHCAD

B cmambe 8bIN0/HEH aHA/AU3 Cyujecmeylwux peKkomeHdayuili no 8bl60py pexcumos pe3aHusi 045 MOKAPHOL
obpabomku, pazpabomaHa mamemamuyeckast Modeab 015 onpedeseHus payuoHAAbHbLIX YCA08Ull 06pabomku Ha OCHoge
peweHusl AUHeliHbIX Yeaegoll PyHKYuu u oepaHudeHuli-HepaseHcms. B kauecmse yes1e8oli hyHKyUU 8bl6paH nokasamew
npouszgodumesbHOCMU, A 8 Kavyecmee 02paHUYEeHUl-HepageHcme - O02paHUYeHUsl, C8s3aHHble C (HYHKYUOHANbHbIMU
napamempamu U hapamempamu, onpedegsaowuMu Kayecmeo 06pabomku.
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REALIZATION OF THE MATHEMATICAL MODEL OF RATIONAL
CUTTING REGIMES AT TOKAR TREATMENT IN MATHCAD

Determination of optimal cutting conditions is one of the most important technical and economic tasks of modern machine
building, since the correctness of their choice depends on the cost, productivity and accuracy of processing, the quality of the surface layer
and the operational properties of individual parts and machines in general.

In the current conditions of fierce competition, the enterprise, regardless of the form of ownership, must constantly reduce
production costs. For example, the use of modern cutting tools will bring additional profit, only with the use of optimal cutting modes, and
reducing the computer time by reducing the main and auxiliary time will lead to a decrease in the consumption of expensive electricity. It
should be noted that the solution of the problem of envy from the choice of the objective function and the technical limitations of the
controlled parameters.

The parametric optimization of blade machining has recently received a lot of attention. So in [1-9] the optimization
mathematical models are presented, which are constructed on the basis of simplified functional dependencies and do not take into account
all the necessary restrictions, and as a consequence, do not always correspond to the conditions of accuracy and adequacy.

The authors of [10-13] considered the processing mode, which ensures the lowest cost of processing, provided all requirements for
the quality of the product and the given productivity of the machine are satisfied, with a constant value of tool life. Analysis of literature
sources showed that it is difficult to find analytical formulas reflecting the interdependence of all factors affecting the cutting process.

The article analyzes the existing recommendations on the choice of cutting modes for turning, a mathematical model is developed to
determine the rational processing conditions based on the solution of linear objective function and inequality constraints. The performance
indicator is chosen as the objective function, and as constraints-inequalities - the restrictions associated with the functional parameters and
parameters that determine the quality of processing.

Using the mathematical calculation algorithm developed in the MathCAD, theoretical studies of the dependence of the main
parameters of the cutting regimes n, s of the shaft turning from steel 40X, the length of the machined surface is 300 mm, on the lathe 16K20, by
cutting tools made of a hard alloy T15K6 with coolant cooling . The radius at the tip of the tool is r = 1 mm.
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IHocTanoBka mpo0JieMbI

OnpezencHre ONTUMAIBHBIX PEKUMOB PE3aHHs SBISCTCS OJHOW BaXHEUIIMX TEXHHUKO-KOHOMHUYECKUX
3aa4 COBPEMCHHOTO MAIIMHOCTPOCHHUS, TaK KaK OT TMPAaBIIBHOCTH MX BBIOOpAa 3aBHCAT CeOECTOMMOCTS,
MPOU3BOIUTEIHHOCTh U TOYHOCTh 0OpPaOOTKH, KAa4eCTBO IMOBEPXHOCTHOI'O CJIOSI M IKCILTyaTallMOHHBIC CBOHCTBA
OTIENBHBIX JeTalell ¥ MaIlliH B IIEJIOM.

B coBpeMEHHBIX YCIOBHSAX JKECTKOM KOHKYPCHIIMH NPEINPHATHIO, BHE 3aBHCHMOCTH OT (HopM
COOCTBEHHOCTH, HEOOXOIMMO IOCTOSHHO COKpAaIlaTh H3ACPXKKH MpoW3BOoACTBAa. K mpuMepy, HCIONb30BaHUE
COBPEMEHHOTO PEXYIIET0 HHCTPYMEHTA IPHHECET OMOJHUTEIBHYIO IPHOBLIb, TOJBKO MPH HCIIONB30BAHUH
ONTUMANIFHBIX PEXKUMOB DPE3aHMSA, a COKpPAlICHHE MAIIMHHOTO BPEMEHH 3a CUET CHIDKCHHS OCHOBHOTO H
BCIIOMOTATEIFHOTO BPEMEHHM TIPHBENET K YyMEHBIIEHHIO MOTpeOJeHne Moporoi smekTposHepruu. Cremyer
OTMETHTh, YTO PCIICHHWE BHINIC YKa3aHHOW 3aaydl 3aBHCTH OT BBIOOpA IENEBON (PYHKIUH M TEXHUYCCKUX
OTPaHUYCHUH YINPaBIIIEMBIX MAPAMETPOB.

AHaJIN3 NocJieHUX MyOauKanuii

Bompocam mnapamMeTpruecKod ONTHMH3AIUU JIC3BUIHON 00pabOTKM B MOCICIHEE BpEMs YICISCTCS
Oonbmoe BHuMaHue. Tak B paboTax [1-9] npeacTaBiaeHbl ONTUMH3AIMOHHBIC MATEMATHYECKUE MOJICIHU, KOTOPEIC
MIOCTPOCHBI HAa OCHOBE YIPOIICHHBIX ()YHKIIMOHATBHBIX 3aBHCHMOCTEH W HE YYHTHIBAIOIIHE BCE HEOOXOIMMEIC
OTpaHWYEHUS, M KakK CICICTBHE, HE BCErZla OTBEUYAIONIME YCIOBHUSIM TOYHOCTH M aJEKBaTHOCTH.

Asropamu [10-13] paccmorpeH pexuM 00pabOTKH, OOECTIEUMBAONINI HAUMEHBIIYI0 CeOECTOMMOCTh
00pabOTKH TpPH YCIOBHH YIOBIETBOPEHHS BCeX TpeOOBaHMI K KadeCTBY MPOAYKIMH W  3aJaHHOM
MIPOM3BOIUTEIHHOCTH CTaHKA, IPH IMTOCTOSTHHOM BETHMYMHE CTOWKOCTH MHCTPYMCEHTA.

OpHako, KaK TIOKa3aJl aHaJN3 JINTEPAaTyPHBIX HCTOYHUKOB, YTO CJIOXHO HAWTH aHATUTHYECKHE (POPMYIIBI
OTpakaroIiye B3aUMO3aBUCUMOCTh BceX (DAKTOPORB BIUSIOIIMX HA MPOLIECC PE3aHME.

Lenblo naHHO# pabOTHI SABJISIETCS CO3JaHHE YTOYHCHHON MaTeMaTH4YeCKOH MOJICNH JJIs MCCICIOBAHUS
PAIMOHABFHBIX PEKUMOB PE3aHUS PH TOKAPHOU 00paboTKe, a Takke ee penieHue B Mathcad.

H310:xeHNEe 0CHOBHOTO MaTEpHAJIa
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B xauectBe nmpuMmepa paccMOTpHM 00pabOTKa OJHUM PE3LOM Hapy>KHOH IOBEPXHOCTH Baja JIUaMETPOM
D. TlepeMeHHBIMH (ONTHMHU3MPYEMBIMHU) TAPAMETPAMH SBJIAIOTCS MPOJIOJIbHAS TOJa4a CyNnopTa S H CKOPOCTh
pesanus V', BhIpakeHHas 4epe3 4acTOTy BPallleHHs IITUHIAENS 7.
[IpuMeHnTENBHO K IOCTaBJICHHOW 3ajaye B KauyecTBE ONTHMM3AIMM LEJIeCO00pa3HO MCIOJIb30BATh
TIOKa3aTeJIb NPOU3BOIUTEIBHOCTH.
Jns moctpoeHWss MareMaTH4ecKOW MOJIENM BHAyale 3aluileM OrPaHMYCHUS MO TEXHOJOTMYECKUM
BO3MOJKHOCTSIM 000py/JOBaHMs (Min — MUHUMaJIbHOE 3HaY€HHE, Max — MAaKCUMaJIbHOE 3HaYEHHe):
Mmin <7 < 7Nmax° (1)
Smin <5 < Smax’ @)
Omnpeznenum orpaHMYeHNe 110 CTOMKOCTH HHCTPYMEHTA.
Tak kak TaOMMuHast CKOPOCTB pe3aHust cornacHo [14]:

N,
\ v
Vo = K, 3)
m ,xv gyv U
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e C,, m, X, ¥ — xoopduuuent u mnoxasartenu crenenu; | — TEPHOA CTOMKOCTH pe3la;

K, =Kpn -Kjp, -Kpgy, - K o K, — monpaBounblii K03QdUIHENT Ha CKOPOCTB PE3aHUS, yUHTHIBAIONIHI

(hakTHUECKHE YCITOBUS PE3aHUS.
a IeHCTBUTENbHAS. CKOPOCTh:
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TIOCJIE HECJIOKHBIX NpeobpazoBanuii popmyi (3) u (4), mOITyYrM OrpaHuuCHHE:
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Jlist ompeneneHuss OrpaHUYEHHE IO MOIIHOCTH CTaHKa, BHA4aje 3alldIleM BbIPAXKCHHUE MOIIHOCTH
3aTpaynBacMoi Ha mporiecc pe3anus [14]:

P v
N p= -z = (6)
1020- 60
rae P, - okpyxHas COCTaBISIONIAs yCHIINS Pe3aHus, coracHo [14]:
_ PGP EP
P, =C, P s VP K, )

rae C p: K D X p y D z p- KOX((PHUIMEHTHI U TTOKA3aTEIH CTCIICHU CHJIBI PE3aHUs:

Torma ycnoBrue oOpabOTKH 3aITUIIIEM B BHIIE:

rae N, — momHocTs pesanus; N — MOIHOCTB CTAHKa; 7] — KITT CTAHKA.
IMocne nmoncranoBku (6), (7) B (8) 1 mocnenyromumx Npeodpa3oBaHUi, MOTYIUM:
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CdopmupyeM orpaHHYEHHE 110 TPOYHOCTH c1ab0ro 3BeHa MEXaHH3Ma MOJAYH - PEXYIIEro HHCTPYMEHTA.
Jns storo mpencraBuM peser; B Bujae Oaliku, HAarpy»XKEHHOH Ha OJHOM KOHIIE COCpPEIOTOYEHHOH Cuiod Pz
(oKpy’KHast COCTABIISIONIAs CHIIBI PE3aHUs), HA IPYTOM — XKECTKO 3a/IeIaHHOM, Toraa:
Mg, K
>__e¢ ~ ol 10
o, 2 (10)
w

rae O, — mpeien NMPOYHOCTH MaTepuaia AepikaBKu pesua npu usrube; M,

(€))

— W3ruOarIuii MOMEHT OT

AeiicTBUsL OKPYXHOU cumibl pesanns; K — xospduuueHT 3amaca mpoyHOCTH; W — MOMEHT CONPOTHBICHHS
CEUEHHUS JIEP>KAaBKH pe3Lia.

C y4eToM TOro, 4TO M3THOA0Nil MOMEHT:
B MECTE 3aKpeIUIeHHs pe3lia OlpeAessieTcs no GopmyIe:

My, =P, g5 (11)

rie /,, — BBUIET peslia u3 pe3leiep/KaTes, MM.
Opnnako, cornacho [14]:
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My, =C, P GYP P K, s,
VYHTBIBAs TO, YTO MOMEPEIHOE CEUCHUS pPe3lia UMEET MPSIMOYTOIBHYIO opmy:
BH*?
6

nocie moactanoBok (13), (12), (11) B HepaBercTBo (10) 1 mocneayOIMX NPeOOpa30BaHUMN, TOTYUUM:
10007 - B-H? - o,

6.]\7p P 'Kp %P . pFP 'ldé'Kgi'

OrpaHrdeHwue 1Mo TOMyCTUMOU MEepOXoBaTOCTH 00paboTaHHON MOBEpXHOCTH 00padoTku [1-9]:
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rae C,,,KI”,K 17’,)67”, Zr', Y¥ - TNOCTOSHHBIE M IIOKA3aTENH CTENCHEW, 3aBUCAINUE OT YCIOBUH

00paboTKH.
3anwuiem 1eneByo QyHKITHIO:

f =(ns) > max
CBCHGM TMOJIYUYCHHBIC OTPaHUYCHUA U YPABHCHUC HCHCBOﬁ (l)yHKHI/II/I B OJHY CUCTEMY.
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s mpuBenenus cucteMsl (19) k muHelHON poorapugMupyeM Kakaoe ypaBHEHHE.

(18)

(19)

HonyquHaﬂ MareMaTudcckKas MoA€Jb F MMpeaACTaBJIACT coboit YHUBEPCAJIbHYIO MOJICIIb IPOIIECCa pe3aHus,
a BXOJIAIIHMEC B HEC HCPABCHCTBA XAPAKTCPU3YIOT OCHOBHBIC TCXHUYCCKHUE OrpaHUYCHHA, B paMKaxX KOTOPBIX

IMMPOTCKACT CaM MpoLecC.

0O603HaunB X1 = ll’l(l’l), Xy = hl(S), C;, Cy, ... C,, - norapuMbl MpaBBIX YaCTCH HEPABCHCTB,

MOJYYHUM CJIICAYIOIIYIO0 CUCTEMY!:
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xy 2C

xy <Cy

x1 =2C3

x1<Cy

Wixy+yv-xy <Cjs

(zp +Dxp + (p)xy <Cg
(zp)x1 + (p)xp <Cy
(zr)x) + (yr)x<Cy

(20)

X1 + Xp — max

ITonyuennas cucrema (20) mpencrariseT coboi (GopMambHOE OMUCAHKE MpoIiecca TOKapHoH 00paboTKH,
OHA OIUCHIBAET BCE BAKHBIC UI PEIICHUS ITOCTABICHHOW 3a/audl CBS3M ONTHUMU3MPYEMBIX MapaMeTpoB  C
MOKAa3aTEISIMU OTIEPALIMH U yIUTHIBACT TEXHOJIIOTHUECKHE BO3MOXKHOCTH CHUCTEMBI.

Ha ocHoBe mnpuBenenHoii Mmaremarmueckod monenu (20) ObLT pa3paboTaH aJropuT™M pacyera, KOTOPBIH
peanmuzoBan B MathCAD , a Taxke BBIIIOJIHEHBI TEOPETHYECKUE UCCIIEJOBAHHS 3aBUCHMOCTH OCHOBHBIX IIapaMETPOB
pSKMMOB pe3aHms n , S  ToueHUsS  Bama, auamerpoMm 70 MM, u3 cramm 40X, mmHa o00pabaThIBacMOU
noBepxHocTd cocTaBiaseT 300 M., Ha TokapHOM cTaHke 16K20 mpoxogHbIMH pe3llaMK M3 TBEPAOrO CIIIaBa
T15K6, paguyc npu BepiurHe 1 MMm., ¢ oxnaxkaeHrneM COXX. [llepoxoBaTocTs 00paboTaHHON MMOBEPXHOCTH 3,2 MKM.
PesynbraThl pacuera cBeieHbI B TaOMUIY 1.

Tabmuma 1. 3aBHCUMOCTH paliMOHaIbHBIX MTAPAMETPOB N U S OT IIYOMHBI pe3aHus t

OnTuManbHEIE __ I'nmubwuna pe3anus t, MM____
3HAYCHUs ITapaMeTPoOB [IlepoxoBaTocTh MOBEpXHOCTH Ra, MKkM
pesanus 025] 025 [025[05 [ 0505 [075] 075 [075] L_ | I_ | L_
2,5 3,2 63 | 25|32 | 63| 25 3,2 63 | 25|32 | 63
S, MM/00 0,22 | 0,26 | 04 |0,19]0,22 0,34 |0,17| 0,22 | 0,3 | 0,16 | 0,19 | 0,28
n, 06/MM 1034 | 979 | 843 | 988 | 936 | 806 | 963 | 912 | 785 | 945 | 895 | 770

AHanu3 f1aHHBIX B Ta0Onuie | MOKa3plBacT, YTO IOIyYCHHBIC 3HAUCHUS PALMOHATIBHBIX N U S JIeXaT B
obnactn pexomennyembix [14]. Ilpum ongHO# M TOW e HIEPOXOBATOCTH C YBEIMYCHHUEM TINIyOMHBI pe3aHus
YBEIMYMBAETCS TI0/]a4a U YMEHBIIAETCS CKOPOCTh pe3aHus (KOJIUIeCTBO 000POTOB).

Crenyer OTMETHTH, YTO MNPEAJIOKEHHAas MOAENb M AJITOPUTM MOXKET OBITh pealn30BaHBl B APYTUX
cucTeMax.

BriBoabl
B pesynbTaTte BEHIONHEHHBIX HCCIIECOBaHUI OblIa pa3paboTaHa MaTeMaTHUECKas MOJENb BBIOOpa
palMOHANBHBIX PEKUMOB PE3aHUsl IPU TOYEHUM, CO3JIaHHBIM Ha €€ OCHOBE alrOpUTM M METOAMKA pacueTra B
cucreMe Mathcad TO3BOJNSAIOT CYIIECTBEHHO MOBBICHTH IMPOU3BOIUTEIBHOCTh TMPOCKTUPOBAHHS, CHH3HUTH
TPYIOEMKOCTh TEXHOJIOTHYECKUX OTEPAIIHH.
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