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HarionanbHuit TexHiyHUHA yHIBepcUTeT YKpainu «KuiBCchkuit
MOITEXHIYHUN IHCTUTYT

MATEMATHUYHA MOJEJIb KOE®DIINIEHTA YCAJIKH
CTPYKKH

Mema. Busznauenus onmumanvbHo20 Koe@iyienma ycaoku cmpyxicKu OJisi ONMumizayii
npoyecy pi3aHHA.

Memoouxa. Bukopucmosysascia memoo mamemMamuyHo20 NIAHY8AHHSA eKCNEePUMEHNY,
OCKIIbKU BIH MAE GUCOKY MOYHICMb KIHYEB020 pe3yibmamy .

Pesynomamu. B x00i Oocnidxcenus Oyau nobyooeawi epagiku eniugy eeomempii
PIdHCYU020 IHCIMPYMEHNY MaA PeXCUMi6 Pi3anHs Ha Koe@iyienm YcaoKu CIpPYI’CKU.

Haykoea noeusna. Jlocnioxcenns Oyau nposedeHi 0ns mamepianie, CXUIbHUX 00
HapOCMOYmMEOPEHH s, MaKoH#C OYIU OMPUMAHI HOBI 3ANeHCHOCMI ONIsl KpAujoeo NpocHO3YEAaAHHs
BeUYUHU YCAOKU 3a BUXIOHUMU OAHUMU NPO NPOYec Pi3aHHs Memalis.

Ilpakmuuna 3nauumicms. Mamemamuuna Mmooenb 00360A€ 3HAYHO NOJEUUMU
MOOeN08anHs npoyecy YCAOKU CMPYHCKU | ONMuMizyeamu npoyec pIi3aHHsA, wo 00360]UMb
OinbUL MOYHO MA eKOHOMHO 8U2OMOGIAMU 0emali npuIaois.

Knwuoei cnoea: xoegiyicum ycaoku CmpyscKu, pedcumu pi3aHHs, 3MAufy8ailbHO-
0XO0N00XHCYBANLHA PIOUHA, HAPOCMOYMEOPEHHSL.

Beryn. Ha choroaHinmHii qeHb oTpuMaHo 6e311id rpadiyHuX 3aIeXHOCTeH, SKi BKa3yloTh
XapakTep BIUIMBY OKpeMuX (aKTOPiB MpoIecy pi3aHHs MaTepiamiB (IIBUIKOCTI pi3aHHs, MMOaqi,
TEeMIIepaTypyu KOHTAKTy, TOBIIMHHU 3pi3y, OIIp 3CYBY MaTepiaiy, mo oOpoOJseThCs Ta iH.) HA
BEIIMYMHY YCAJIKH CTPYKKHA. B TOH >ke yac BiICYTHI aHaTITHYHI 3aJIeKHOCTI (KpiM dopmynu
[.A.Time), sKi 3B’SI3yIOTh YCaJKy 1 BHIIETIEpepaxoBaHi (GakTOpH, pO3KPHUBAIOYN HE JIIIE BILJIUB
KOXKHOTO 13 (DaKTOpiB Ha ycaJlKy, aje i BaXKKHii XapakTep iX B3aeMO/Iii.

IlocTanoBka 3aBaaHHsA. Brepiie moHsaTTs ycaaku ctpykku BBiB [LA. Time. Bin xe
3anpornoHyBaB (opMyiy Uis HaOJIMKEHOTO OOYMCIIEHHS MPOAOBKHOI YCaIKU CTPYXKKH & 3a
KyTOM pi3aHHs J 1 KyToM 3cyBy @ [1].

£ sin(® +5)  cos(® - y)
; sin® sind

®opmymna [.A. Time He 3pyuyHa I IPAKTUYHUX PO3PAXYHKIB YCAIAKU CTPYKKH, TaK SIK
HEMOJKJIBO BCTAHOBUTH aHATITUYHO KYT 3CyBY @. 3a3BU4aii 1110 (POpMYITy BUKOPUCTOBYIOTH JJIsI
pO3paxyHKy KyTa @ 3a BiJOMOIO YCaJIKOIO CTPYKKH.

Ha ocHOBI BHIIEBUKIAJEHOrO, T[IOCTaBJICHE 3aBJaHHS OTPUMAHHA AaHAJTITUYHOI
3aJICKHOCTI  YCaJKh  CTPY)KKM  BiJ] TapaMeTpiB  Mpolecy  MaTepiaiooOpoOKH, 1o
BUKOPUCTOBYETHCS B IIHPOKOMY [lialla30HI PEKUMIB Pi3aHHSI 1 TE€OMETPUYHHX I1apaMeTpiB
IHCTpYMEHTA, 1110 3aCTOCOBYIOTHCH.

Pe3syabTaTy gociigkeHHsi. 3 aHamizy nTepaTypHHX JOKEpeNl 1 JI0JaTKOBHMH
JOCITIIKCHHSIMU BCTaHOBJICHO, 1110 [2]

& =aV,S,0,7,p,m,) 1)

ne ¥ — BIZHOCHE 3BYXEHHS IMPU PO3PHUBI Marepiany Jeraii, o 0OpoOJIOEThCS; M, —
KOe(]iIieHT, SKHI BpaxOBY€e 3MallyBaJIbHY 10 3MaIlyBaIbHO-0X0JI0KY040i pinuau (30P) .
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Ha xoedimieHT ycagku CTPYXKH OCHOBHHMM BIJIMB MAalOTh: MEXaHIYHI BJIACTHBOCTI
neraii, mo oOpoOIIseThCs; MepeHiil KyT y 1 TOJIOBHUM KYyT y IJIaHi ¢ PiXKYy4doro iHCTPYMEHTY;
TOBIIWHA IIApPY a, IO 3pi3yE€ThCs; MBUAKICTH pizadHs V , mogada S i 30P.

Jl1is 3MEHIIeHHS 00’ €My JOCTiIB JOMIIEHO TPOBECTH EKCIIEPUMEHTH 0€3 BUKOPUCTAHHS
30P, a BmiuB 30P Ha ycanaky B3sTH 7O yBaru 3a JAomomororo koeodiuieHta Mg Ile moxHa
3po0uTH uYepe3 Manuid B3aeMOBIUIMB MacTwibHOI Aii 30P Ta pexumiB pi3zaHHs, reoMeTpii
PDKYy4Oro 1HCTPYMEHTY, a TaKOX MEXaHIYHHMX XapaKTepUCTHK OOpoOJIOBAaHOTO MaTepianry Ha
yCanaKy CTPYKKH. 3HaueHHs Koedirienta M ast aesikux BMicTiB 30P HaBeneHi B TaOnuIsX.
3Harouu BeUYuHy Koediienta Mg 1 30P, 1110 BUKOPUCTOBYETHCS, MOKHA BUSHAYUTH YCAIIKY
CTpYXKKH ¢ 1o ycanui &1, 6e3 3actocyBanns 30P, BUKOpUCTOBYIOUN (GOPMYITY

é:L = 51(1_ mg)

Kpim nporo, 3pobnena crnpoba OLIHUTH BIUIMB OKpeMHUX KOoMIoHEHTiB 30P Ha ycanky
crpyxku. OrpuMana ¢popmyrna Uit 00UNCIICHHS YCaJKH CTPYKKH HACTYITHOTO BUIITIALY

& =3,21-0,49x, +0,55x, —0,009x, —0,14x X, +
+ 0,15x,x, +0,032x,x, + 0,0105x,X,X,,

Soc —0,5 . .
me X, = ————, Sok — BMIcCT cipku akTtuBHOI B 30P, %;
1 05 p

S, 0,25 . )

X, = —"———, Sc¢ — BMICT cipku 3B’s13aH0i B 30P, %);

0,25

Cl-5 | )

Xy = ?, Cl — Bmict xmopy B 30P, %;

Jlociiay BIUITMBY MapaMeTpiB MPOIIECY Pi3aHHS HA YCAIKy CTPYKKH ¢1 (0€3 3aCTOCYBaHHS
30P) mpoBOAMIOCH METOAOM MATEMAaTHYHOrO IUTaHyBaHHS ekcrepuMeHTy [3]. Ilpu mpomy
BH3HAYAIACh 3AJICKHICTh BUIY

i:f V’S’llﬂ ]

SIka BIAIIOBIIHO 1O pe3yana1¥1/B IIOIIE ez[Hixl//;[Og{I'z[iB, Mae HemiHiiHUN xapakTtep. Tomy
JUTSL OTPUMAHHSI TIi€1 3a1eKHOCTI OyB 00paHuil KBa3i-/[-onTUManpHUI TUIaH JPYTroro mopsaaky By
(Bokcy B ky01i) [4].

Bci excriepumenTu (peasizaliisi MiiaHy) BUKOHYBAJIUCh Ha TOKAapHOMY BEpCTaTi MOJEi
IE6]I. TIpu mpoBeneHHI AOCTIAIB BUKOHYBAJIOCH pi3aHHS cTall 45 pi3IsMU 3 IUIACTHHKAMH 13
tBepaoro craBy TISK6. [Ins BU3HAUeHHS yCaJKu CTPYKKH 3aCTOCOBYETHCS BarOBHl METO/I.
Po3paxyHok ycanku BUKOHYBaBcs 3a (OpMYIIOIO, B SIKy BHECEHA JiliCHA IIIOLIa Mepepizy

G 1 52
E=—— II=St—=—— -
"~ Ilgl 2 (tgp)™ +(tge,)”

ne G — Bara cTpyxku, mr; [/ — muioma mnepepisy, MM (J — rycTMHa Marepiany, IIo
00poOs€eTHCS, r/em®; | — joBxuna CTPYXKH, MM.
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Kpim TOro, po3paxyHOK yCaaKH CTPYKKH BHKOHYETHCS 3 YpaxyBaHHSM KOe(Dilli€HTY
CYUUTBHOCTI CTPYKKH Ky, IKUM BU3HAUAETHCS 32 GOPMYIIOIO

Kcn :l_in
2a

ne h — rombuna 3amagvH Ha BUTBHIM CTOPOHI CTPYXKKH; ¢ — TOBINMHA CJIOK0, IO
3pi3y€eThCS.

OOpobka ekcrepuMeHTaNbHUX JaHMX, BHKOHaHa Ha EOM, po3Bonuia OTpUMaTH
MaTeMaTHYHy MOJIENb YCAJKU CTPYKKHU B KOJJOBaHIN IIKaJi BUMiIpIOBaHHS

3fy =1,4989—0,0130x —0,1476x, —0,1910x, — 0,0920X, —
~0,0555x2 +0,0118x,x, — 0,0208xx, —0,0345x X, +0,0478x2 +  (2)
+0,0538x,X, +0,0617x,x, +0,0903x; +0,0377X,X, +0,0532x;

OOuncneni noBipul iHTepBaM I KOedilieHTIB piBHSAHHS perpecii (2) MaioTh Taki
3HaueHHs: 4by = 0,013; 4b; = 0,0095; 4b;; = 0,0101; 4bii = 0,0254. ITopiBHSIHHS KOe(IIIEHTIB
PIBHSIHHSA perpecii 3 IXHIMH JOBIpYMMH IHTEpBaJlaMU IMOKa3ajio0, 10 BCl KOSQIIEHTH CTATHYHO
3HAYYIIII.

[Ticns mepeTBOpeHHs 3MIHHUX, SIK1 BapilOOTh 13 KOJOBAHOI IIIKAIM BUMIPY B HaTypaJbHY
13 piBHSIHHSA (2), OTpUMAEMO HACTYIHY MaTeMaTHYHY MOJICTIb:

13
(ij = 2,3150823 - 0,0014543V —1,5005682S —0,0104221" —
7 w

~0,00466% +0,0000113V 2 + 0,0006494VS —0,0000086V £ —
y y

~0,0000072V £ +0,70732357 +0,00602175 £ + 0,00345655 £ + 3)
7 7 y

2 2
+0,0000766(1j +O,0000167—(§+0,0000112[£] .
7 W 7

Ane piBHAHHA (3) He BinmoOpakae CKJIQJHOTO BIUIMBY IIBUAKOCTI Pi3aHHS Ha YCaAKy
CTPYXKKH Tpu 00poOli MmarepialiB, CXWIBHHUX N0 HAapOCTOYTBOpeHHsS. [lJii yCyHEHHS I[bOTO
HEOJIIKY TPOBEJCHI JOMATKOBI €KCIIEPUMEHTH, K1 JO3BOJIWIN BCTAHOBHUTH, BUKOPHUCTOBYIOUH

iHTepnossALiiiHy hopmyny Jlarpanxa, nomnpaBky M, 10 ¢popmynu (3) Ha BIUIMB HAPOCTY

m. =-30,319V° —49,09756V * — 22,8417V —4,16275, 4)
axmo V < 0,833 m/c (50 m/xB)

m, = 0,16124V°®—-1,07335V % —2,4723V —2,9917, (5)
Jie MBUJKICTh pi3aHHs V B M/c.
TakuM YMHOM, BEIMYMHH YCAJIKH CTPYKKH MO’KHA BU3HAYUTH 33 HACTYITHOIO (POPMYJIOK0:

ngmH(l_mg)W'K; (6)
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K, =2,3150823-0,0014543V —1,5005682S -0, 01092217 -
7

~0,0046602 +0,0000113V 2 +0,0006494VS —0,0000086V £ —
7 y

~0,0000072V £ —0,707372352 +0,00602175 L + 0,00345655 £ +
W W v

2 2
+o,0000766(1j +o,0000167—‘/2’+o,0000112[£j .
v v v

3anexHicTh (6) N03BOJSIE MPOTHO3YBAaTH BEIWYHMHY YCAOKH CTPYXKKH 332 BUXITHHUMHU
JAaHUMU TIPO TpOIlec pi3aHHsA MeTaniB. BoHa mpuaaTHa JUIsl IMIMPOKMX MEX 3MIHHU PEXHMIB
pizaHHS 1 reoMeTpii iHCTpyMeHTa pu 00poO1Ii AeTanel i3 KOHCTPYKUIHHUX CTajlei 1 CIUIaBiB.

BukopucroBytroun piBHsSHHA (6), MOXXHa BCTAHOBHUTH CTYIiHb 1 XapakTep BIUIMBY
OKpeMuX (haKTOpiB MPOLIECy pi3aHHs HA YCAJKy CTPYKKH, a TAKOXK 1X B3a€MOBILJIHB.

['eomeTpryHi mapamMeTpu piXKydoro iIHCTPYMEHTY (KyTH ) 1 ¢) poOJIATh CHIIBHHI BIUIMB Ha
ycaaky ctpyxku (puc.l). lle oco011MBO MOMITHO TIpH MalluX 3Ha4YeHHs KyTiB y 1 ¢. Tak, npu
00po6i cram 45 6e3 3actocyBarss 30P 3V =130 m/xB, S = 0,35 mm/006, t =1 MM, o = 10°, ¢ =
30°, 4 = 0° ycaaka cTpykku 3meHIyetbes Bif 3,381 go 1,715 mpu 36inbmenHi ¢ Big 10° go 90°
(mpu y = -10°) i Bix -3,381 mo 1,584 npwu 30inbienHi y Big -10° mo 25° (mpu ¢ = -10°).

OnHak 3 0THOYACHUM 30UTBIICHHSM KYTIB Y 1 ¢ XapakTep 3aJeKHOCTI MEePETBOPIOETHC,
OTPUMYIOUH BUTJISA YBITHYTOT (DyHKII.

! 2 4!
r’ .'tg S.nv/00
L e 1
q)(}

Puc. 1. BrmuB reometpii piydoro Puc. 2. BmiuB mnapameTpiB pexUMY
IHCTpYMEHTY Ha YCaJKy CTPYXKH pi3aHHS Ha KOE]IIEHT yCaIKu CTPYKKH
(cramb 45-T15K16; V =130 m/xB, S = (BT22-BK6M; y = a = 10°; ¢ = 45°)
0,35 MM/00, t =1 Mmm, o =5°, ¢1 = 30°,
2=0°)
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BB mapamerpiB pexumy pizaHHs Ha KoedimieHT ycanku crpyxku (KYC) &
npefcTaBieHo Ha puc. 2. KpuBi BIANOBiZaIOTH pi3aHHIO MartepiajiB HE CXUJIBHHUX [0
HApOCTOYTBOpPEHHA. B 1bOMy BHMajKy i3 3pocTaHHsIM MMIBUAKOCTI pizaHHa 1 momaui KYC &
CHOYAaTKy IIBUAKO, a TIOTIM TMOBUIBHO 3MEHIIyeTbes. Lle TOosACHIOEThCS 301UIbIICHHIM
TEeMITepaTypy 30HH 0OPOOKH 1 3MEHIIICHHSAM KOE(IIIEHTY TEPTSA CTPYKKH 00 MEPETHIO TTOBEPXHIO
IHCTPYMEHTY.

Cknagauii BB poOuth mBuAKicTh pizanHs V Ha KYC & npu o6pobui matepiamis,
CXWIBHUX 70 HapocToyTBopeHHs. CrmouaTky mpu 30umbmieHH] mBuAKOCTI pizanHs KYC &
3MEHUIYEThCS, JTOCATAIOYM MpPU AEIKOMY 3HA4€HHI IMIBUAKOCTI Vy MiHIMambHOI BENIWYMHH, a
NOTIM 3HOBY 30UIbIIy€eThCs. IIpu TOCATHEHHI MBUIKICTIO HOBOTrO 3HaueHHs V3 3poctanHs KYC
¢ 3ynuHseTbed 1 pu mwBuAKocTi pizanus Vq > V3 KYC ¢ 3menmyerbes (puc 3)

V. M/XB

Puc. 3. Bus napametpis pexxumy pizanas Ha KYC £ nmpu HapocTOyTBOpEHHI

BucnoBku. B naniii ctarti 0ys10 po3risHYTO SIBUIIE YCAAKH CTPYXKKH, IO CYITPOBOIKYE
MIPOIIEC METATIO00POOKH.

JlocitipKeHHs BIUTMBY MTapaMeTpiB MPOIECY pi3aHHS Ha CTPYKKOYTBOPEHHS MPOBOIMIOCH
METOZIOM MaTeMaTUYHOTO IUIAHYBAHHS EKCIIEPHUMEHTY, W10 JIO3BOJWJIO OTPUMATH HOBY
3aJICKHICTh, fKa OUTBII TOYHO OMHUCYE IMPOLEC Ta JO3BOJSIE MPOTHO3YBATH BEIMYUHY YCAIKH
CTPYKKH 32 BHUXIJHHMH JaHUMH TIPO TMPOLIEC pi3aHHA MeTaliB. BoHa mpumaTHa I MIHAPOKHUX
MEX 3MIHM PEKUMIB pi3aHHs 1 reOMeTpii iIHCTpyMeHTa pu 00poO1Ii 1eTaneil 13 KOHCTPYKIIHHUX
CTaJiei 1 CIUIaBiB.

BukopucTtoBytoun 1110 3alIe)KHICTh, MOKHa BCTAaHOBHUTH CTYMiHb 1 XapakTep BIUIUBY
oKpeMux (aKTOPiB MPOIIECY Pi3aHHS HA YCAAKY CTPYKKH, & TAKOXK X B3a€EMOBILIIUB.

Takox Oyna oTpuMaHa 3aJIeKHICTh YCAJAKH CTPYXKKH 3 YpaxXyBaHHSIM YTBOPEHHSI HAPOCTY
Mi]T 9ac METaI000pPOOKH.

65



ISSN 1813 - 6796 Oobnaonannsn, eneKmpomexHiuHi ma aeMOMAMU3ZO6AHI
BICHUK KHYTJ Ne3 (86), 2015 cucmemu ma KOMnaeKcu
Cepin «TexHiuni HAyKH» Equipment, electrical and automation systems & complexes

CnuCcOK BUKOPHUCTAHUX JAKepet

1. Peszanue metaymnos/ I'. U. I'panoBckwuii [u np.]. — M. : Mamrus, 1954. — 472 c.

2. bo6poB B. ®. OcHoBbl Teopum pe3anus metawioB / B. ®@. bob6poB. — M. :
Mammnoctpoenue, 1975. — 344 c.

3. Pymmmckuii JI. 3. MaremaTtnueckas o0paboTka pe3ynbTaToB 3kcrepumenTa / JI. 3.
Pymmmmckuii. — M. : Hayka, 1971. =192 c.

4. Kaccangposa O. H. O6pabotka pe3ynbratoB Hadmoaenuii / O. H. Kaccannposa,
B. B. Jle6enes. — M. : Hayka, 1970. — 104 c.

MATEMATHYECKASA MO/JIEJIb KOO®O®UIIUEHTA YCAJIKU CTPYKKHN

JAIIEHKO M.A., AHTOHIOK B.C.

Hayuonanvnoiti mexnuueckuii ynusepcumem Yxpaunvl «Kueeckuii noaumexnuueckui
UHCMUMYm»

Ilenv. Onpeodenenue onmumanvbHo2o  Kodg@uyuenma ycaoku  CmpydscKu — O
ONMUMU3AYUY NPOYECCa PEe3AHUSL.

Memoouka. Vcnonvzosancs memoo mMamemamuiecko2o NiaHUpPOSaHus dKCnepumenmad,
NOCKOILKY OH UMeen 8bICOKYI0 MOYHOCMb KOHEYHO20 Pe3yibmamd.

Pesynomamut. B xo0e uccnedosanus Obliu NOCMPOeHbl 2pAQuKU GIUAHUA 2e0Mempuu
pedcyweco UHCMpPYMEHMA U PeHCUMOB Pe3anUsl Ha KOID@UuyueHm ycaoku CmpyscKu.

Hayunasa noeusna. Vccneoosanus Ovinu npogedenvi 0N MAMEPUaios, CKIOHHbIX K
HApocmooobpazoeanuio, makxice ObLIU HNOTYYEHbl HOBblEe 3ABUCUMOCHMU  ONs  JIY4UULE2O
APOCHO3UPOBAHUS BEIUYUNBL YCAOKU 30 6XOOHBIMU OAHHBLIMU NPO NPOYECC Pe3aHbsa MEMmallos.

Ilpakmuueckasa 3nauumocms. Mamemamuueckas MoOeib NO360J5eM 3HAYUMETbHO
obne2yums MOOeIUPOBaAHUEe NPOYeCcca YCaoKu CMPYHCKU U ONMUMUZUPOBAMb NPOYECC pe3anusl,
Ymo no3eoaum 6oaee MOYHO U IKOHOMHO U320MABIUBAMb 0emalu NPUOOPO8.

Knrwueswie cnosa: Kosgguyuenm ycaoku cmpysicKu, pexcumvl pe3anus, cmazvlearouje-
0XNIAACOAIOWASL HCUOKOCHIL, HAPOCMO0OPA308aHUE.

MATHEMATICAL MODELLING OF A CHIP COCKLE COEFFICIENT

DATSENKO M.A., ANTONIUK V.S.

National technical university of Ukraine «Kyiv polytechnic institute»

Purpose. Determination of an optimal chip cockle coefficient for optimization of a cutting
process.

Methodology. The method of a mathematical planning of an experiment is used, because
it delivers a final result with a high precision.

Findings. During research a diagrams of an influence of an instrument’s geometry and
cutting conditions on a chip cockle coefficient are built.

Originality. The investigations are made for materials, which are inclined for a build-up
forming; also new dependences are found for a better forecasting of a chip cockle value using
our starting data of a cutting process.

Practical value The mathematical model simplifies the modeling of a chip cockle process
and optimizes the cutting process, which allows much better developing of a details for devices
with higher accuracy.

Key words: chip cockle coefficient, cutting conditions, cooling lubricant, build-up
forming.
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