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MOAYJBHE 3D-MOJEJIIOBAHHS IHCTPYMEHTIB,
MMPOLECIB 3HATTS IPUITYCKY TA ®OPMOYTBOPEHHS
ITPU IIVII®YBAHHI 31 CXPEHIEHUMH OCAMUA
OUJITHAPUYIHOI'O TA CTYHNIHYACTOI'O BAJIA 1
EJIBBOPOBOI'O KPYT'A

3anpononosano modynvre 3-D ceomempuuine MOOeNIOBAHHA IHCIMPYMEHMIE, 3HAMMA NPUNYCKY
ma Ghopmoymeopennss npu wnipyeanni YuriHOPUYHUX MA CMYRIHYACMUX 6dlié Ha 0azi mpvbox
VHipIKOBAHUX MOOYIIG: THCMPYMEHMANbHO20, opicnmayii ma Gopmoymeopenns. Po3pobneno nogi
Cnocoou 0OOHONPOXIOHO20 2IUOUHHO2O KPYel020 WIQhy8ants Kpyeamu 3 HAOmMeepoux mamepiauie, oe 6
npoyeci 06poOKU YOPHOBULL NPUNYCK SHIMAEMbCA MOPYEM Kpyad, @ HUCMO8e Wi(y8aHHS BUKOHYEMbCS
WUpoKoIo OLIAHKOIO 1020 nepuepii. Ilpu ybomy Kym nosopomy winihyéanivnoco Kpyea € piHuM npu
00pobYi  YUNiHOPUHHUX BANIE MA YUTIHOPUYHUX NOBEPXOHb CMYNIHUACMUX 84l [ npu 00podyi
mopyesux nogepxoHb CIyNiHYACIUX 6ANIE.

Knrouosi cnosa: modynsne 3-D modentosanms incmpymenmie, enubunHe Kpyane wiighyeans

IIpeonosicerno mooynvHoe 3-D  eceomempuueckoe MOOeIUpo8aHue UHCIMPYMEHMO8, CHAMUSA
npunycka u gopmooopazoeanus npu waUGOBaHUY YUTUHOPUYECKUX U CHIYNeHYambiX 6anoe Ha Oaze
mpex YHUGUUUPOBAHHbIX MOOYIel: UHCMPYMEHMANbHO20, OpUeHmayuu U @Hopmoodpas08aHus.
Paspabomansl Hosble €nocobbi 00HONPOXOOHO20 2IYOUHHO20 KpPY2lo2o WIAUDOSAHUS. Kpyeami U3
CBepXMEepObIX MAMepUanos, 20e 6 npoyecce 06PaAbOMKU 4epHOBOU NPUNYCK CHUMAEMCs MOPYOM Kpyad,
a uucmosoe WUPOBAHUE BbINOIHAEMCA WUPOKUM yuacmkom e2o nepugepuu. Ilpu smom yzon
nosopoma wiauUPoB8aAILHOZ0 Kpy2a pasHbiil npu 06pabomke YulUHOPUHECKUX 6aN08 U YUIUHOPUHECKUX
noeepxHocmell CHyneHyamulx 6an06 u npi 0opabomke Mopyesvix NOGEPXHOCIEN CIYNEeHYAMbIX 6A108.

Knrouesvie cnosa: modyiwnoe 3-D  modenuposanue uHCmpymeHmos, 2nyOuHHOe Kpyeioe
wiiugosanue

A modular 3-D geometric modeling tools, removal allowance and shaping in grinding cylindrical
and stepped shafts on the basis of three standardized modules: the instrumental , orientation and
formation are proposed. The new methods of the single-pass deep cylindrical grinding wheels made of
superhard materials are designed, wherein during rough machining allowance is removed face of the
wheel and finish grinding is performed a wide portion of its periphery. At the same time the angle of
rotation of the grinding wheel is different in the processing of cylindrical shafts and stepped shafts
cylindrical surfaces and face surfaces in the processing of steped shafts.

Keywords: modular 3-D geometric modeling tools, deep cylindrical grinding

B cywyacHOMy MammHOOYAyBaHHI IIMPOKO BHKOPHUCTOBYETHCS T€OMETPHYHE
3-D wmogpemoBanHs. OpHak ICHyrOYl TPHUBUMIPHI TE€OMETPHYHI MOZIETI He
BPaxOBYIOTh OCOOJIMBOCTI iHCTPYMEHTAJIBHUX MOBEPXOHb 1 3HSATTS NPHITYCKY IPH
OJTHOTIPOXiTHOMY TJIMOWHHOMY HUTI(YBaHHI 31 CXPEIICHUMH OCSIMH IHCTpYMEHTa
Ta gerani.

s mpobOiieMa € akTyadbHOIO AJIs BITYM3HSHOTO MAaNIMHOOYMYBaHHS, SKE
MparHe MiABUIINATH CBOIO €(pEKTUBHICTh Ta MTOKPAIATH KOHKYPEHTOCIIPOMOKHICTb.
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B pmanmit wac crymiHYacTi BaJIMKM IIMPOKO BHKOPUCTOBYIOTHCS Ha
aBTOMOO11€0y1IBHIX 3aBO/aX. Ix 06poOka 3IICHIOETHCS Ha
TOPLEKPYIIIONUTIQyBaTbHUX —BepcTaTax IIUPOKMMH MPOQUIBHUMH  KpyramMu
METOJIOM Bpi3aHHS 31 CXPEIICHUMH OCSIMU IHCTPYMEHTa Ta JIeTali 3 OJHOYAacHOIO
00pOOKOIO ACKITPKOX IMUHOK BAJIB 1 MPHUJSTA0YHX IO HUX TopiB [1].

BripoBamkeHHs1 crioco0y BHCOKOUIBHAKICHOTO ILTi(yBaHHS 31 CXpELIeHUMH
OCSIMH {HCTpYMEHTa Ta JleTalli, 3aiiicHene ¢ipmoro Junker Ha BepcraTax Quickpoint
1001 i Quickpoint 1002 [2], Quickpoint 3000, Quickpoint 5000 [3-4] 3i mBHAKicTIO
abpasuBHOTO Ta enpOopoBoro Kpyrie 1o 140 m/c, MiIBHIIMIO TPOTYKTHBHICTH
00poOku B 5 — 6 paziB B MOPIBHAHHI 3 TPAAULIAHIMH CIIOco0aMu HUTipyBaHHS 13
30epeXeHHIM BUCOKOT TOYHOCTI Ta SKOCTi 00pOOJICHOT ITOBEPXHI.

Po3pobka B3a€MOMOB’SI3aHUX MOAYJIBHUX TPHBUMIPHHX T'€OMETPHYHHX
MoJieJied IHCTPYMEHTa, 3HATTA MPHITYCKYy 1 (OPMOYTBOPEHHs 0OpOOIIOBaHMX
MOBEPXOHb NP MNIMOWHHOMY OJHONPOXiAHOMY LTIQyBaHHI 31 CXPELIEHUMHU OCSIMU
[UTIHAPHYHOTO Ta CTYMIHYACTOTO Baja i €1bOOPOBOTO KPyra € CyTTEBUM PE3E€PBOM
CTBOPEHHST Ta MOAAJBLUIOr0 BIPOBA/KCHHS B  IMPOMHCIOBICTh  HOBOTO
BHUCOKOIPOTYKTHBHOTO METOY ILTi(hyBaHHS.

TpuBnMmipHi TeoMmeTpuyHi Momeni  (GopMOyTBOpeHHS  0OpOOITIOBAHIX
MIOBEPXOHb 1 IHCTPYMEHTIB, HaBeleHI B poborax [5-7] HEe BpaxoBYIOTH MpoIlec
3HATTA TPHUIYycKy. Y  poOori [8] mpencraBmeHi TPUBHMIpHI — MoOJei
(hOpMOYTBOPIOFOUHX CHCTEM JJIS PI3HUX BEPCTATiB, @ MOJEICH, sKi O BpaxOByBalll
3HATTS IPUITYCKY, HE HABEJICHO.

Y poboti [9] mnpuBeneHO TPUBUMIPHI MOAETI B3HATTS TMPHITYCKY 1
(hopMOYTBOpEHHS /sl NUIIHIPUYHUX MMOBEPXOHb MpPU Kpyriomy uutidysanHi. B
pobori [10], Bmepiie MPUBEACHO MOMAYJbHE TPHUBUMIPHE MOJCITIOBAHHS
IHCTpPYMEHTAJIbHUX  I[OBEPXOHb, (OPMOYTBOPIOIOYMX ~ CHCTEM  PI3HUX
utigyBanbHUX BepcTaTiB Ta 00poOmoBaHMX agertaneid. B wmonorpadii [11]
NpUBEJIEHI y3arajbHIOYi MOJYJIbHI TPUBUMIpHI Moaemi 1 obmacti ix
3acrocyBaHHs. Y po0oti [12] po3pobseni momynbHi 3D-mozeni iHCTpyMeHTa,
3HATTS TPUIYCKY Ta (HOPMOYTBOPECHHS NpH NUIi(YBaHHI 31 CXPEHICHUMH OCSMH
€JIbO0POBOTrO Kpyra Ta CTYNiHYacTOro Baja.

Omnak B poborax [9-12] He HaBeleHO Y3arajJbHIOIOUHX MOAYJIBHHUX
3D-moneneit 3HATTA mTpuIycKy Ta ()OPMOYTBOPEHHs, sIKi O BpaxoByBalu
0cOOJIMBOCTI IHCTPYMEHTAIbHOI IOBEPXHI Ta BIUIMB HAa HHUX KyTa oOpieHTarii
IHCTpyMEeHTa TpH TIMOMHHOMY OJHONPOXiAHOMY HUTiQYBaHHI 31 CXPEIICHUMH
OCSIMH IIATTHAPUIHOTO Ta CTYMIHYACTOTO BAIIIB 1 €100pOBOTO KpyTa.

Merta naHoi po6oTH — cTBOpeHHs Ha 0a3i yHi(pikoBaHHX MOIYTiB (Opi€HTaii,
IHCTPYMEHTAJIBHOTO Ta (hOPMOYTBOPEHHS) y3arajdbHeHOi MoxyipHOI 3D-momerni
iHCTpyMeHTa, (POPMOYTBOPEHHS 1 3HATTA MPUITYCKy IpH 00poOIi MITIHAPUIHUX Ta
CTYNiHYaCTHX  BaJliB, 1[0 CIOPHUATAME pPO3pOOIll HOBUX CIOCOOIB i
BUCOKOC(EKTHBHUX TEXHOJIOTIH TINIMOMHHOTO OJHONPOXiAHOrO HITiyBaHHS 3i
CXpEIIEHUMH OCSMH Kpyra i3 HaATBEpIUX MaTepiaiiB Ta JAeTali.
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Cxema mpolecy OJHOIPOXIAHOTO INTUOMHHOTO NUTIQYBaHHS 31 CXPEUICHUMHU
OCSMH CTYNIHYAacTOro Bajia | Ta enp00poBOro Kpyra 2, sika ONHCYE OOpPOOKY
WJIHAPUYHUX Ta TOPLEBUX IOBEPXOHb JeTani 1, Moxke OyTH BHKOpHCTaHa IpU
00poOIi NIIIHAPUYHUX BajlB, NpeJcTaBieHa Ha puc. 1.

[pn mwrigyBanHi nmmiHApu4yHOI mHOBepxHi 1-2 crymiHyacroro Bama 1
(puc. 1,B) nmidysanbHuit Kpyr 2 nosepratots HaBkoso oci O,,Z,, Ha KyT 0, SIKUH
BUOMPAIOTh 13 YMOBH 3a0e3ledeHHS MAaKCHMAaNbHOTO 3HATTSA MpPUITYCKY NpH
PIBHOMIpHOMY 3aBaHTAXXCHHI TOPIIS IHCTPYMEHTA:

(Run\' + R3az)2
4(R3az +t)2 . Rm}cz - [2R3ae(Ruu< _t) _tz]z ’

o=2s,

M

me Ry Rs. — pamiyc moridyBanmpHOTO Kpyra Ta 3arOTOBKH BiOIOBIITHO;
t — mpuryck iz nutiyyBaHHS.

Hns  3abe3medeHHs HEOOXIAHOI MIOPCTKOCTI 0OpOoONeHOiI TOBEpxHI Ta
MIJBUILEHHS MPOAYKTUBHOCTI HLTiIQyBaHHSA Kpyr 2 MNepeMilllaloTh B3JOBXK OCi
O.uZ e B HAIPSAMKY TMOB3JOBXKHBOI MOJavi S, Tak, 1100 BiCh MOBOPOTY Kpyra
O.xYux (puc. 1, a) po3ramoByBaiacs Ha BiJCTaHi BiJl TOpLS 1HCTpyMEHTa, PiBHIN
paniycy 3a0KpyIJeHHs NUTiQyBaJIbHOTO Kpyra Ta IOJIOBHHHM TMOa4yi Ha 00epT
neraii. [Ipu o6po6ui umiHApUYHOT moBepxHi 1-2 (puc. 1,B) nuridyBanbHuil Kpyr
MOAAETHCS HA BCIO MIMOMHY pi3anHs t (puc. 1,0) i nepeminryersbest B31oBxk oci OyZ,
3 IOJIAYeIO S,.

Pucynok 1 — Cxema 0lHOIPOXiHOTO MNIHOMHHOTO HUTi)YBaHHS CTYNIHYACTOrO BaJia:
a, B, I — nutidyBanHs Topis, 6 — 1utiyBaHHS ITIHAPUIHOT TOBEPXHI
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[ToOynoBa 3arajbHOi MOIYJBHOI TPUBHMIPHOI MOAENI 3HSTTS NPHUITYCKY 1
TOYHOCTI (POPMOYTBOPEHHSI HPH OJHONPOXIAHOMY TITHOMHHOMY UHUTiIQyBaHHI 3i
CXpPEIIEHNMH OCSIMH IIMIIHJIPUYHOTO Ta CTYMIHYAcTOro Bajia 1 1uti)yBaibHOTO
Kpyra, 31iiicHIoBasIach y MateMaTiHyHoMy nakeTi MatchCAD.

3aranbHa MOJENb TOBEPXHI NUTI(QYBaIBHOIO Kpyra OIHCYETbCS 32
JOTIOMOTOI0  LIWJIIHAPUYHOTO  MOAYNsE  (OPMOYTBOPEHHS, SKHH  BpaxoBYye
KOOPAWHATY [ B3IOBX Npodimo muripyBaabHOTO Kpyra Ta KyT IIOBOPOTY @
iHncTpymenTa HaBkoio oci O,,.Z,, (puc. 1, a):

ﬁ, =Mc' zigyaricy - €4 | )

xe Ri — paziyc-BEKTOp TOYOK HUTI(PYBaJILHOTO Kpyra, Mclzi(i).ui.ri(i) -
ITIHAPAYHUN MOIYTh (HOPMOYTBOPEHHS IHCTPYMEHTY, SIKHHA OIUCYE MAaTPHUIIO
Nepexoay paiaiyc-BeKTOpa IMOYaTKOBOI KoopauHatd €4 B cHCTEMy KOOpAMHAT
untidyBagbHOTO Kpyra.

BpaxoByroun ogHOKOOpIUHATHI MaTpumi M1, M2, M3 mepewmimieHs B3JOBK
ocelt Xy, Yuur Zuw Ta MaTpumi M4, M5, M6 moBopotiB HaBKoJO oceit O, X
O.ucY wier Ol e BiATIOBIAHO [11], UIIHAPHIHUA MOy, SIKUH OMUCYE TIOBEPXHIO
Ui yBaIBLHOTO KPYyTa, 3aJA€THCS PIBHIHHIM:

Mc' ziyuiniy = M3(Zi(i)) - M 6(cr; ) - M 2(Ri (i) 3)
R, (a,1) = M3(Zi(i)) - M6(er;) - M 2(Ri(i)) - €4 4

BuxkopucrtoByroun ¢ynkmito Xepicaiima, onmimemo mpodias IHCTPYMEHTY,
MpeCcTaBIeHUH Ha puc. 2,a:

Zi(i) = i-@— G -, ) {im . _Sin(i —rim ﬂ

[oGi-i,) - @i —i, )]+ Gy, +1)- 2 -i,)

®)

Ri(i) = Ri-@—-@(i—i,,)) {Ri +r -cos[i _rim j_l}
[ -i,) - @fi-i, J+ Ri-r-i+i,) o -i,)

ne i — KOOpIMHATA B3JIOBX MPOdiT0 NuiyBambHOrO Kpyra; i,,, 1. —

(6)

BIAMOBITHO IOYAaTKOBa Ta KiHIEBAa KOOPJMHATH 3a0KPYIVIEHHA MEpexiTHol
paniycHO{ KpOMKH HUTi(QyBaJbHOTO KpyTa; I' — pajaiyc 3a0KpYIJICHHSA MepexiTHoi
paiycHoi kpomku mutidyBansHoro kpyra; Ri — pazxiyc nutidpysansnoro kpyra.

HominanpHa TOBepXHS Baja 3aJa€ThCs HOr0 MOIYJSIMH Opi€HTauii Ta
(hOpMOYTBOpPEHHS, @ TAKOXK Pa/liyCc-BEKTOPOM IHCTPYMEHTY:
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Ra =M, ﬁ| = MCZF)»(/X)JU ' Msa-.,/ . F_zl ) (7)
MCZ()-(/X)I() =M3(Z20)-M6(¢p,)-M2(,) , (8)
Ms,, = M5(y), ©)

ne M, — marpuis nepexony i3 CHCTeMH KOOPAMHAT LUTi()YBaIbHOTO Kpyra

B CHUCTEMY KOOpIHMHAT JeTajl, siKa INpeACTaBieHa JO00YTKOM LMJIIHIPUYHOTO
Mozynst MCyzy. 4.0 » AKHIL OIMCYE PYX UUTiDYBANLHOrO Kpyra BIIHOCHO AeTalli Ta

chepuyHOTO MOJIYJsSl Opi€HTAIlil NLIiIPYBaIbHOTO Kpyra Msg_,/, I0JI0 CUCTEMH

KOOpAMHAT 00poOIIoBaHoi Jertani; lg — Mi>kochOBa BificTaHb MiX OOPOOIIOBAHOIO
JETAUTI0 Ta NUTIQYBAJILHUM KPYTOM; ¢y — KYT MOBOPOTY JETaji HaBKOJO BJIACHOI
Bici; Z0 — nmogaua aeraii B3a0BxK Bici OyZ,.

Y, MM
101

L RiGD)
h RIiG)

-3 -1 1 3 5
a Zi(i), Z1i(i) Z um

0

Pucynok 2 — IIpodins nutidyBanbHOro Kpyra:
ip Ta i, — BIAMOBIHO OYATKOBA Ta KiHIIEBA KOOPAWHATH IHCTPYMEHTA

PiBHsSHHS 00p06eHOT TOBEPXHI 3 BpaxyBaHHAM dopmyi (2) Ta (7):
R,(Z0,0,,u,i) =MCy, .., - MS,,, - MC zi(iyuirici - €4, (10)

[Monauy nerani Zo B3nosx oci O,Z, MOXKHA NPEICTABUTH Y BUIIIAL JOOYTKY
napaMeTpa TBUHTOBOTO PyXy P 1 KyTa HOBOPOTY J€Tall ¢, HAaBKOJIO BIACHOI Bici 3a
OJIMHUIIIO Yacy:

_So 11
p=o_ (11)
Z()Zp'(p{), (12)
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BpaxoBytouu piBHsHHS (12), piBHSHHS 00p00JI€HOT TOBEpXHI MaTUME BUTIISL:

ﬁo (p,,u,i)= MC( ‘Ms,,, - Mc' zigyuiricy - €4 (13)

po)golo
Jns orpuMmanHS TIpoimro 0OpOONICHOT NeTali 3amuIieMo yMOBY KOHTAKTY

npodiniB, sKa BU3HAYATHME TOYKA KOHTAKTY IHCTpYMEHTa 1 neraixi B pi3Hi

MOMEHTH 9acy, a OTKe 1 JIIHII0 KOHTaKTy HUITi(pyBaJbHOTO KpyTa Ta JAeTali:

n-vV =0, (14)

Jae N — OAMHUYHMI BEKTOP HOPMali A0 MOBEpXHi HLTi(QyBanbHOTO Kpyra; V-
BEKTOP IIBUIKOCTI BITHOCHOTO PyXy B CUCTEMI KOOPJIUHAT JeTali.

Hopmane 10 moBepxHi nutiyBajJbHOrO Kpyra 3HaXOIUTHCS SIK BEKTOPHUI
JOOYTOK BEKTOPIB, MOTHYHHMX JO HOrO TOBEPXHI 1 SAKi 3HAXOAATHCSA NUIIXOM
JqudepeHIifoBaHHs Paaiyc-BEKTOpa JETall 3a He3aJeXHUMH mapaMeTpamu Ui Ta i.
Bekrtop BigHOCHOI IIBUIKOCTI ULTIQYBaJbHOTO Kpyra 3HAaXOAUTHCS MIISIXOM
JudepeHIiIoBaHHS Pajliyc-BEKTOpa IHCTPYMEHTY 3a MapaMeTPOM .

BpaxoByroun BHINE CKa3aHe, INPH ONHONAPAMETPUYHOMY OTHMHAHHI
piBasaHHEA (14) MaTHME BUTIIAL;

R, R R, _
ol  oui | dgo

0, (15)

R, R,
X

Oi oui

e — BeKTOp HopMmaii N 70 moBepxHi nutih)yBaIbHOrO Kpyra B

R , L
2 BekTOp BigHOCHOI mBHAKOCTI V pyxy

TOYIll 3 KOOpAMHATamu i Ta Ui;

1uTiyBagbHOrO Kpyra BiJHOCHO JieTalli.
Jlinis xoHTakTy nutipyBampHOTO Kpyra Ta Aetami (puc. 3) 3HaXOOHWTHCS 3a
MeToaukoro [13].
ui.?
0.1
0.0
0.06
w(i) 0.04

0.0

i

- 0.0
i

Pucynok 3 — JliHis KOHTaKTy UUTiQyBaIbHOTO Kpyra Ta AeTati
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Ha puc. 4, a npencraieHo missMy KOHTakTy 4 nuridyBanbHOTO Kpyra 5 ta
Jetaiti 6 mpu 06poOIl HMITIHAPUYHOT TUISTHKY 2-3 CTYNIHYacTOro Bajia, OOMEKeHy
JiHIEI0 KOHTaKTy | nuTiyBaJbHOrO Kpyra Ta JeTaili, JiHIEI0 TepeTHHy 2
nuTiyBagbHOrO Kpyra i TOPLEBOI IOBEpXHI 3arOTOBKM Ta JIHIEIO NEpeTHHY 3
30BHILIHBOTO IIMJIIHAPA 3arOTOBKH 1 Kpyra (puc. 4, 0).

[Toma mIsiMM KOHTAaKTy HUTiIQyBaJbHOTO Kpyra Ta oOpoOJIOBaHOI jaeTaii
3HAaXOIHUTHCA i3 BUpasy (16):

i2u2(i)
S :j jR, (i)dudi (16)
i1 ul(i)
e Ul(i), u2(i), il, i2 — Mexi iHTeTpyBaHHA IO KYTY BXOAY MHUIi(yBaIbHOTO

Kpyra B IeTaib i HOro BHXOAy 3 JeTall Ta BiIMOBIJHUX KOOPAMHATAX B3IOBXK
mpo¢iTro TuTihyBaTFHOTO KPyTa.

-0.02 0 0.02 0.04
v.UG). UL, (w)

a 0

Pucynok 4 — KonraxkT nuti¢yBagbHOro Kpyra i CTyniH4acToro Baua
npyu 06poOLi MITIHIPUIHOT TOBEPXHi:
a — IUIIMa KOHTAaKTY IuTi(hyBaJbHOTO KPYyTa 1 MMIIIHAPHYHOT IIOBEPXHi Baja;
0 — miHii mepeTHHy NUTiQyBaTIBLHOTO KpyTa i MITIHAPUIHOI TOBEPXHI Bajia

IIpu moBopoTi muTiQyBambHOTO Kpyra Ha KyT 0, BHHHKAaE TEOMETPHUYHA
MOPCTKICTh Ra (puc. 5), BenuunHy sKoi MO>KHA BU3HAUWTH i3 Bupazy (17) [13]:

S
Ra=P,(0)-P, ?" , a7
e P,(0), P, S?" — BHCOTa NpOo(UII0 IMIIHAPUYHOI NeTani B TOYII

MIOBOPOTY Kpyra i TOUI, sIKa 3HaXOIUTHCS HA BiICTaHI MOJOBUHM MO/a4i Ha 00epT
nmeraini S, BIAIOBIIHO.
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/2
TN 7 —

S r

Pucynok 5 — YTBOpEHHSI TeOMETPHYHOI MIOPCTKOCTI
npy nuTidyBaHHI TUTIHIPUIHOT ITOBEPXHI CTYIIHYACTOrO Baja

OtpumaHHA  HEOOXiMHOI  IIOPCTKOCTI  TOBEpXHI Tpu  OUTipyBaHHI
3a0e3meuyeThCs PEeryIIOBAHHAM IT0JIai S,y B 3aJICKHOCTI BiJl JiaMeTpa Kpyra i KyTa
HOro noBOpOTY a.

[Mpu mixxoni HuTiyBasbHOTO Kpyra 0 TOYKH 2 TOPLS CTYIIHYACTOTO Baja
BEJIMUMHA TIPUITYCKY ,, ska Mpunagae Ha TOpelb IHCTPYMEHTY, 30LIbIIyeThCS
(puc. 1, B). A oTxe, 30UTBIIYIOThCS IJIONIA IUIIMH KOHTAakTy 4 (puc. 6) kpyra ta
JeTalli 1 TeMneparypa UutiyBaHHs, siIKa CyIpPOBOJKYETbCS YTBOPEHHSM IPHIKOTIB
Ha 00pOo0ITIOBaHii TOBEPXHI 1 3HMKEHHSM ii SIKOCTI.

[To3HaueHHs MO3ULIH HA pUC. 6 aHAIOTIUHI MO3HAYEHHSAM Ha puc. 4.

~0.05 0 0.05 01 0.15
u,UG) ., UL, ()

a 9

Pucynok 6 — Konrakt nurtiyBanbHOTO Kpyra i CTYIIHYacTOro Bajia
pu 0OpoOIIi TOPIIEBOT MOBEPXHI

s 3a0e3neueHHsT BUCOKOT SIKOCTI 00pOOJICHOT MOBEPXHI Ta OE3MPHKOTOBOI
00poOKHM HEOOXiTHO 3MEHIINTH oAy Ha 00epT feTaii S,. [Ipu 1iboMy oTpruMaHHs
BHCOKOI TPOXYyKTHBHOCTI HUIi()yBaHHS TOPIIEBOI MOBEPXHI CTYIIHYACTOTO Bajia
TIpY 3MEHIICHHI M0JIadi S, TOCATAEThCS 301IBIIEHHIM YHca Horo 00epTiB.

[Mutoma npoxykTuBHICTH nUTidyBanHsa Q(i) BU3Ha4YaeThCs 13 Bupasy (18):

u2(i)
Q = j Vin(u,i)-R, (i)du | (18)

ul(i)
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ne VN - mpoekuisi BEKTOpa BiTHOCHOI IIBUJIKOCTI PyXy HUTI(yBaNIbHOTO Kpyra
Ha HanpsiIMOK HOpMaJli 10 HOTo OBEPXHi.

Ha puc.7 mnpencraBneni rpadikd po3MOALLY HHTOMOI IPOAYKTHBHOCTI
nutigyBaHHS B3JOBXK NpoduIo Kpyra mpu odpobui mwitiHapuuHoi (puc. 7,a) Ta
TopueBoi (puc. 7,0) MOBEPXOHb CTYIIHYACTOTO Basa.

MM Mmj

MM-C .

=
-

i i,

Pucynok 7 — Po3nozin mutoMoi IpogyKTHBHOCTI HITi(pyBaHHS
B3JIOBXX NMPOdiro 1utihyBaIbHOTO Kpyra

Ockinekn  Bici O, Z;,, mmidyBaneHOTO Kpyra 2 Ta 0,7, nmeram 1
HemapaenbHi (puc. 1,a), mpu 06poOIIi TOpIeBoi MOBEpXHi 2-3 CTYHIHYACTOTO Bajia
(puc. 1,B) BUHHKA€ BiIXUICHHS IPOGITIO Z gy, OTPUMAHOTO NPH ILTiyBaHHI, Bix
HOMIHAJILHOTO Z,,, Ha Benuuny A (puc. 8).

Prd, ,um

Zgom  Zipopm
w 2 3 i 5
r~\!
—16.44 !
|
I
—180 l
Prd(i 3 I
(D2 & |
— 1972 !
|
|
— 21,361
— 23
&
) Prd_,mm
4l |s1 T
Prd(1) ||

Pucynok 8 — IIpodine merani npu 0OpoOILIi CTymiHYacTOro Bana
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Sk BuAHO i3 rpadika, HPENCTaBIEHOro Ha puc. 9, i3 30UIBLIEHHSIM KyTa
MOBOPOTY HUITIQYBaILHOTO Kpyra, BIIXWJIEHHS BiJl NEPIEHIUKYJISpHOCTI A
TOPIIEBOi HOBEPXHI CTYIIHYACTOTO Bajia 301JIbIIYETHCS.

A MM
03

5(0r) /
0.1] /

Pucynok 9 — 3anexxHicTh BiIXHICHHS BiJl MEPICHIUKYISIPHOCTI TOPLIS ACTall
BiJl KyTa IOBOPOTY ILTi(pyBaIBHOTO Kpyra

Ha puc. 10 mnpuBeseHo  rTpadik  3aJIeKHOCTI  BIAXHWJIGHHS  BiJ
NEePIEeHANKYJSIPHOCTI A TOPISE AeTalli BiJl 3MiHM HOJIOKEHHS! TOUKH CXPELyBaHHS
oceil B3/I0BK BUCOTH HITi(QyBaIbHOTO Kpyra b mpu KyTi HOBOPOTY 1LTi(QyBaIbHOTO
kpyra o= 1° Ta moB30B:KHiit moxaui getani 0,1 MM/06.

Sk BuaHO i3 rpadikiB, npuBegeHux Ha puc. 9 Ta 10, oTpuMaHHs HEOOXiqHOT
TOYHOCTI Ha TOPLEBiil MOBEPXHI JIETalNi AOCATAETHCS 3MEHIICHHSIM BEJIMUYMHH KyTa
CXpeIlyBaHHS Ocell Ta 3MIHOIO IOJOXKEHHS TOYKHM CXPEIIyBaHHS Oceil B3/IOBXK
BUCOTH PO LTIO0 MUTihyBAIEHOTO KPyTa.

Tomy mpu 06poOIIi TOPIIEBOi MOBEpXHi 2-3 cTymiHYacToro Bana (puc. 1,B) KyT
MOBOPOTY HLTI(PYBAIFHOTO Kpyra HEOOXiTHO BHOHMpAaTH i3 yMOBH 3a0€3ICUCHHS
HEoOXiHOT TOYHOCTI TOpI, sSKWil 3abe3nmedye 1 HEOOXigHY MIOPCTKICTh
MUTHIPUYHOT TOBEPXHI:

a = arctg A , (19)
D()l‘ - Dac -2r

Je A — JIOomycTUME BIIXWIJIEHHS TOPILEBOi IMOBEPXHI CTYMIHYACTOrO Baja Bil
nepnenaukyIspaocti; (Dy, — D,.) — mepenan Mix qiamerpamu CTYMiHYacTOro Baja,
SKWH BU3HAYa€ BUCOTY TOPLS JAETANI.
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LY. ¥ ]
0.1354

0.1352 /

& 0133

0.1348 =

0.1346

Pucynok 10 — I'padik 3a51e)XKHOCTI BiAXWICHHS BiJ NEPIEHIUKYIIIPHOCTI
TOPLEBOI IIOBEPXHi Bajla BiJ 3MiHH MOJIOKEHHS TOYKH CXPEITyBaHHA Oceit
B3JIOBXX BHCOTH ILTi(hyBaTBHOTO KpyTa

[Micnst 0OpoOku TopueBoi moBepxHi 2-3 crTymiHyactoro Bana (puc. 1,B)
untidyroTeess Horo mumiHApu4HI moBepxHi 3-4, 5-6, 7-8. 3akiHUMBIIM 0OpPOOKY
noBepxHi 7-8, mutiyBajJbHUI KPYr MOBEPTAIOTh Ha NMPOTHICKHUN KyT —0, SIKUH
BubOupaetnes i3 (19) B 3aJIe)KHOCTI BiJl HEOOXIAHOT TOYHOCTI OOPOOKH TOPIIEBOI
NOBepXHi 1 1UTQyOThCS TOpLEBI MOBepxHi 6-7, 4-5 B HanpsIMKy mojadi Sjy
(puc. 1,a).

OOpoOka CTymiHYaCTHX BalliB, SKi MAalOTh JAEKiTbKa IUITHOK pi3HOTO
JiameTpy, 3IIACHIOETBCS OPIEHTOBaHUM MNUTI()YBaJBHUM KPYTOM 3 PI3HUM KyTOM
Horo moBopoTy Mpu 00poOIi MMIITHAPUYHUX Ta TOPLIEBUX IOBEPXOHb HAa BEPCTATaxX
i3 HOPMAaJbHUM pO3TAIlyBaHHAM OCEH IHCTpyMEHTa Ta JeTall 110 KOOpPAMHATI
00poOku [14]. [Ipm mpoMy KyT Haxmiy o HOTi(pYBaJbHOTO Kpyra mpu oOpoOIi
WIHAPUYHOI TUISHKK Bajla BHUOWPAETHCS 13 YMOBHM MAaKCHMAJIBHOTO 3HATTA
NPUITYCKY TPU PIBHOMIPHOMY 3aBaHTa)XK€HHI TOpLs iHCTpyMeHTa i3 Bupasy (1), a
npu oOpoOIi TopueBoi MOBEPXHI — i3 yMOBH 3a0e3ME€UeHHS HOTrOo HEOoOXimHOI
TOYHOCTI 13 BUpazy (19).

Ha Bepcrarax, /i MOXIIUBICTh KEPYBaHHSI KOOPAMHATOK CXPEILyBaHHs Oceil
BiZICYTHS, NUTi(yBaHHSA CTYIIHYACTHX BajiB 3MIMCHIOETHCA 3 IOCTIHHUM KyTOM
HaXWiy O MUTIQYBATBHOTO KpyTa, SIKUH BUOHMPAETHCS 13 YMOBH 3a0e3medeHHS
HeoOXi/THOT TOYHOCTI TOPIIiB BaJiB.

Bucnosok

Pospobuieni momynmsHi 3D Mopeni, SKi ONHCYIOTH IHCTPYMEHTAIbHY
MOBEPXHIO, TIPOLECH 3HATTS NPHUIYCKY Ta (HOPMOYTBOPEHHS OOpOOIIOBaHMX
MOBEPXOHb LWJIHIPUYHUX Ta CTYMIHYACTHUX BaJliB Ha 0a3l TphOX YyHi(hiKOBaHUX
MOJYJIB: IHCTPYMEHTAIBHOTO, OpieHTaIlii 1 HOPMOYTBOPEHHSI.
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Ha ocHoBi MonmympHuXx 3D-mogeneit  pos3poOieHo HOBI  crocoOu
OJTHOTIPOXiJTHOTO ~ TJIMOMHHOTO  Kpymioro HnTiyBaHHS  LWIIHAPUYHUX — Ta
CTYMIHYaCTHX BaliB €JLOOPOBUMH Kpyramu, A€ Ajsl 3a0e3ledyeHHs HeoOXiTHOT
reOMETPUYHOI IOPCTKOCTI 0Opo0sIeHoi MOBepXHi Ta poOOTH HIMPOKOi AIISTHKA
nepudepii kpyra Horo Bich NMOBOPOTY 3MIIYIOTh Ha 33JaHy BIJCTaHb BiJ TOPLS
IHCTpYMEHTA, IPH LIbOMY YOPHOBUI ITPUIYCK 3HIMAETHCS TOPLIEM Kpyra, a YUCTOBE
nuripyBaHHS Ta KajmiOpyBaHHS 3IIMCHIOEThCS IMUPOKOIO MIITHKOIO Tepudepii
kpyra. UlmidpyBanHs moBepxHi OOpOOMIOBAHOI AeTami BHKOHYETHCA 33 OJIWUH
YCTaHOB BY3bKHM €ITEOOPOBUM KPYTOM 31 CXPEICHUMH OCSMH HOTO Ta JeTali.

OO0po0Oka CTymiHYacTUX BaJliB 3IHCHIOETHCS OPI€EHTOBAaHUM ILTi(pyBaIbHUM
KPYroM 3 DPIi3HHMH KyTaMH HOTO MOBOPOTY NpH HUTiQyBaHHI IHIIHIAPHYHUX Ta
TOPLIEBUX IIOBEPXOHb JleTaji Ha BepCTarax, J€ € MOXIUBICTh KepyBaHHS
KOOPJMHATOI0 cXpeuryBaHHs ocedl. [Ipu npoMy KyT MOBOpOTY Kpyra mpu odpoOui
WJIIHAPUYHOTO Baja Ta IIWIHAPUYHOT TUISHKM CTYMIHYAaCTOTrO Bajia BHOMPAETHCS
i3 YMOBM MaKCHMAaJIbHOTO 3HATTS IPUIYCKY NpPU PIBHOMIPHOMY 3aBaHTa)KEHHI
TOPI IHCTPYMEHTA, a IpU 00pOOII TOPIIEBOT MOBEPXHI — i3 YMOBH 3a0e3MCUCHHS
Horo HeoOXimHOi TOYHOCTI. SIKIIO Ha BepcTaTax MOJMKIMBICTE KEpYBaHHS
KOOPAWHATOIO CXPEIIyBaHHS Ocel IHCTpyMEHTa Ta JeTali BiACYTHs, HUTi(pyBaHHS
CTYIIHYACTHUX BAaJIB 3MIACHIOETHCS 3 TIOCTIHHAM KYTOM TOBOPOTY MUTi(yBaLHOTO
Kpyra, SKuii BHOMPAETHCA 13 YMOBH 3a0e3leUeHHS HEOOXiNHOI TOYHOCTI TOPIIB
BAJIIB.

Po3poOiena Meronauka Moke OyTH 3acTOCOBaHa [Uisi MPOLECIB KPYyIJIOro
NUTipyBaHHS 31 CXpEMICHUMH OCSIMH 00pOOITIOBaHOT IeTalli Ta abpa3suBHHUX KPYTiB i
KPYTIB i3 HAATBEPAMX MaTepiaib.
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