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INPAKTUYHA POBOTA Ne 1

BU3HAYEHHS NOKA3HUKIB TEXHOJOTTYHOI
HAJIIMHOCTI 3A TAPAMETPAMHA TOYHOCTI
TOKAPHOI'O ABTOMATA

1.1 Meta poboTu

Meroro pobOOTH € BUBYEHHS METOIWKH PO3PaXyHKIB MOKA3HUKIB
rapaMeTpUIHOI HAMIHHOCTI METAIOPi3aIbHUX BEPCTATIB.

1.2 3micT podoTn

BuBunty QakTopu Ta iX BIUJIMB HAa MOKAa3HUKH TOYHOCTI POOOTH
TOKapHO-PEBOJIEBEPHOTO aBTOMAaTa. BU3HAYHMTH pecypc poOOTH aBTOMAaTa
32 OKa3HUKAMHU TOYHOCTI.

1.3 3arajapHi moJ10:KeHHS

Hdns  MetanmooOpoOHUMX  BepCTaTiB  HAaWOMBII — aKTyalnbHOK €
TEXHOJIOTIYHA HAJIMHICTh, fKa XapaKTepU3YETbCA IMapaMEeTPUIHUMU
BiIMOBaMH, TOOTO BHXOZOM KOHTPOJILOBAHHX IapaMeTpPiB 3a OIYCTHMIi
Mexi. Haliuacrimie 1e moka3HuKy TOYHOCTI 1 IPOAYKTUBHOCTI 00poOKku. Ha
TEXHOJIOTIUHY HaJilHICTh BepcTaTa BIUIMBAIOTH Pi3HI HIKIIJIMBI MPOIECH,
IO TPOTIKAIOTh 3 Pi3HO MBHAKICTIO. Tak BiOparlii, 10 BUHUKAOTH ITif
yac PoOOTH BepcTara, XapaKTEPU3YIOThCS BHCOKOK IIBHJIKICTIO 3MIHH,
BOHM TPHBAIOTh MPOTATOM HYacy IHMKIY poOOTH BepcTaTa, MPUIUHSIIOTHCS
MpHU 3YNUHII BepcTaTa i 3HOBY BHHHKAIOTh B HOBOMY IIUKII OOpOOKH.
[ToxnOku BepcTaTa 3yMOBICHI IIMMH SIBUIIAMH MPOSBISIOTECS HA CAaMOMY
noyatky podotu Bepcrara. OJTHOYACHO 3 IUM BEPCTATH XapaKTEePU3YOThCS
NOYAaTKOBUMH TOXMOKAMH BHACHIZOK HEIOCKOHAJIOi TIeOMEeTPUYHOI
TOYHOCTI, MOTPIITHOCTEH HaJIaIITyBaHHS, IPYKHUX BiJTHCKAHB.

3MillleHHsI [ICHTPY PO3CiIOBaHHsS Ha BelnuuHy ao (puc. 1.1, [1]) Ha
noyatky poOOTH BepcTara 3yMOBJICHE T€OMETPHYHOI HETOYHICTIO,
NOXHOKaMH HaJlAIITYBaHHs, IPYXKHUMH BiITHCKaHHSIMH BHACTIIOK Iii CHII
pizaHHS Ta BiOpamisiMM, SKi BHHUKAIOTh IiJi 4ac pPOOOTH BepcTara.
OcCKiNbKH BCI 1i YMHHWKH € BUMAJKOBUMH BEJIIMYMHAMH TO BEJWYHMHA dg
MaTHUME PO3CIFOBaHHS 3 30HOIO A, SIKa BHACIIIOK il JEKiTbKOX YMHHUKIB
BU3HAYUTHCA SIK IMOBIpHA CyMa 30H PO3CiIOBaHHSI OKPEMHUX YHHHHKIB

Ay = JAZ+AZ + - + A2, (1.1)



IIpotssrom wacy OesmepepBHOI poOOTH BepcTata IOYHHAIOTH
MIPOSIBJISITHCS] 1 BIUIMBATH HAa TOYHICTH TPOIECH CEPEaHBOI IIBHUIKOCTI,
HaOIbII XapaKTepHUMH 3 HUX € TeMIIepaTypHi Aedopmaliii i 3HOIIyBaHHS
iHcTpyMeHTa. Lleil yac Moke BH3HA4YaTUCS TPUBAIICTIO 3MiHH, HOJIOBHHU
3MiHH, YacoM poOOTH A0 IMigHATAroKeHHA. TpHBAIICTH pPOOOTH [0
MiIHATAarO/KCHHST MOXE BH3HAYATUCS caMe BILUTUBOM TPOIIECIB CepeHbOI
HIBUJIKOCTI.

3a paxyHOK BIUIMBY IIMX TMPOIECiB BiAOYBa€TbCA 3CYB IIEHTPY
pO3CilOBaHHS Ha BEIMYMHY . LII mpolecH TakoX XapaKTepU3yrThbCs
PO3CiIOBaHHS MapaMeTpiB 3 30HOK PO3CIFOBAHHS A..

A, = /A%+A12, (1.2)

Brpaty BepctaroM mpame3naTHOCTI 3a TapaMeTpoM TOYHOCTI X
MOJKHA PO3TJISLAATH Y BiMOBiMHOCTI 10 cxemu puc. 1.1. BimmoBa Bepcrara
3a JIaHUM MapaMeTpOM HacTaHe TO[i, KOJW 3HaueHHs mapamerpy X Buiine
3a JI0mycTuMi Meka, ToOTo X > [Xnax]. Bennuwmua 0 BU3HaYae MOKIHBI
3MiHH ITapaMeTpy X 6e3 BTpaTh BepCcTaTOM Ipare3JaTHOCTI.
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Prcynok 1.1 — Cxema BTpaTH BepcTaTOM IIPaIe3aTHOCTI 32 ITapaMeTpOM TOTHOCTI

CymapHa 30Ha PO3CIIOBAaHHS MPOIECIB, 10 BHU3HAYAIOTh ILICHTPH
PO3CiIOBaHHS dg 1 d, PO3PAXOBYETHCS 32 (HOPMYJIOIO



A = \/A§+A§ + o+ AZ + AZ + A7

Sxmo Ty — gac pobOTH BepcTaTra 10 IMiTHAIATOMKEHHS, TO 3a Iel
MepioJl 3aIMIIAEThCS He BUKOPUCTAHA YacTKa JIOMYCKY Ha mapamerp X, ska
BU3HAYUTHCSI

8y :6—a0—ac—0,5\/Aﬁ+A§+---+A§+A%+Aiz 1.3)

3amac HagiiHocTi K, MOKHA BHM3HAYWTH SIK  BIJHOIIECHHS
MaKCHMAaJIBHO JOIyCTHMOTO MapaMerpa X = Xpax = 0 10 HOTO 3HAYEHHS 32
JlaHUX YMOB pO0OTH Xy = 0 — 0.

—_ Xmax —_ 6
K, = X, 3o, (1.4)

B mnpoueci TpuBanoi poOOTH BepcTaTa MOYMHAIOTH MPOSIBISTHCS
MOXWOKH, 3YMOBJICHI TMPOTIKaHHSA TOBUIGHUX IIPOILECIB, TaKUX 5K
3HOIIIYBaHHS, YKOJOOJICHHS, TIEPEPO3NOIiI BHYTPIIIHIX HANPYKEHb, TOIIIO,
AKI TaKoX € BHIAQJAKOBUMH 1 XapaKTepU3yIOTbCS CBOIMH 30HAMH
poscitoBaHHs. 3a mepion poOoTH Bepcrara 7, KM XapaKTepHU3ye pecypc
poboTu BepcTara, 3amac HaAiiHOCTI Oyse BudeprnaHo mosHicTh (K, = 1),
BUHUKAE IMOBIpHICTB BimMoBH F(t).

BHacnmiok 3HOIIyBaHHS HANpPSMHUX TPSIMOJIHIHHOTO — pYXY,
eleMeHTiB 0a3yBaHHS IHCTPYMEHTIB 1 OCHAIIEGHHS, ITiIIIUITHUKIB
UIMAHAETBHUX OTIOpP 3HW)KYETHCS T€OMETPUYHA TOYHICTh BepcTaTa, 3pOCTae
MiJJIaTIIMBICTh CUCTEMH CYHNOPT — IIMUHACHb, 3HUXKYETHCS TOUYHICTh
HaJIaITyBaHHS BepCTaTa, L0 BEJE J0 3POCTaHHS BEIMYMHHU do 1 30HH 1l
po3citoBaHHs Ag. 301IbIIECHHS 3a30PiB B CIIOJIYYECHHSAX BEJIE JO 3POCTAHHS
TEIUIOBHIUIEHHS B PyXOMHUX Iapax Ta J0 30UIbIICHHS TeMIepaTypHUX
nedopMmariiii, 3pocTaHHS MiIJATIUBOCTI CHCTEMH 3yMOBIIOE  OLIBII
IHTEHCHBHE 3HOIIYBaHHS pi3albHOro iHCTpyMeHTa. Lle Bexe o 3poctaHHsS
BEJINYHHHU d. 1 30HU ii po3citoBaHHA A..

1.3 lloxa3HUKH PoOOTH TOKApHO-peBoIbBepHOro apTomata 1B11611

TokapHo-peBonbBepHi  aBromatu  (TPA)  wmomemi  1B116I1
BiJTHOCATHCS JI0 BEPCTATIB MiABUINEHOI TOYHOCTI i, 3TiTHO BHUMOT, Ha HHUX
MOBMHHI 00pOOJATH AeTaii A0 8 KBaJiTeTy TOYHOCTI. Jlomyck Ha JiHiiHI
po3mipu 8 kBajiTery s giamerpa oOpoOku Bix 10 mo 18 mm (mus
aBromata 1B116I1 Mmakcumanbsauii giamerp o0poOku d=16 mm) ckinanae 27
MKM. Jlommyckd UMITHAPWYHOCTI, KPYTIOCTI Ta TPOodilio MO3A0BXKHBOTO



MEPEeTHHY Ul TIABHUINEHOTO DIiBHSA BiJHOCHOI T€OMETPHYHOI TOYHOCTI
CKJIaJal0Th 5 MKM.
[Toxubka 0O6poOKK BHACTIIOK NPYKHUX BIATHCKAaHb BY3JIiB BepcTaTa
Moke OyTHM BH3HAa4YeHa 3 KPHBOI BHMIPIOBAaHHA >KOPCTKOCTi BY3JiB
Bepctata. Ha TPA o00poOka BemeTbcs pI3IsIMH 3 TIOMCPEYHUX Ta
PEBOIBEBEPHOTO CYIOPTIiB, TOMY 3HaUCHHS MPYKHUX BIATHCKaHb CIiJ OpaTu
3 BiAMOBiZHUX KpuBHX. I po3paxyHKiB 3py4yHO KOPHUCTYBaTHCS
BEJIMYMNHOIO YKOPCTKOCTI SIK TMOCTIHHOI BETMYHUHOIO, JJISI YOTO MPOBOMSTH
JiHeapu3allito KpUBOi, 3’€IHABIIN IMOYaTOK KOOPAWHAT 3 TOYKOIO 3CYBY 3a
MaKCHUMaJbHOTO HaBaHTakeHHs. Ha pucynky 1.2 moka3zanuii rpadik KpuBoi
JKOPCTKOCTI AJIsl peBOJIbBepHOTO cynopta TPA.
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Pucynok 1.2 — I'padik )KOPCTKOCTI CHCTEMHU PEBOJIBBEPHUI CYIOpT — mmuHAens TPA

Buxoznsuu 3 BUMOr craHzapry, Uil BepcTariB kiacy TouHocTi I 3
nmiameTpoM 00poOkrM 1o 16 MM, BITHOCHI 3CYyBH CHCTEMH CYHOPT —
HIMUHCNTD MMiJl HaBaHTaxeHHsM F = 2240 H (ans momepevHoro cymnopra)
He TIOBUHHI niepeBuryBaT 6 = 0,21 mMm.

Tol caMuil CTaHmapT Ui CUCTEMHM pEBOJBBEPHHH CYyMOpT -
HIMUHENb peKOMEHAye prkiaaeHHs HaBanTtaxeras 800 H, Bix mii stkoro
3CYyBH CHUCTeMH He moBwHHI nepesuinyBatu 0,08 mM. BpaxoByroun BB
NPOIIECiB 3HOLIYBaHHS, [MOYATKOBA >KOPCTKICTh MMOBHHHA OYTH BHIIOIO 32
e 3Ha4yeHHs. SIK JUIs HOBUX, TaK 1 JUIsi BEpCTaTiB, L0 ITiJiAaBajvcs
PEMOHTY, TIPOBOJSATHCS JOCIHI/PKEHHS >KOPCTKOCTi, pe3yJbTaTH SKUX
NOBHMHHI Opatucsi B pO3paxyHOK. B pasi BiICYTHOCTI Takux AaHUX
3HAYEHHS JKOPCTKOCTI CHCTEMHM MOXXKHA BH3HAUYUTH 32 TIPaHUYHO
JIOITyCTUMHUMH 3HAYEHHSIMH BUMOT CTaH/IAPTY.



Jlns omepkaHHS Ha aBTOMATi PO3MIpiB 32 8 KBaJiTETOM TOYHOCTI
CITiI BUKOPHCTOBYBAaTH YHCTOBE 20O TOHKE TOYIHHS 3 MAJOI0 TIHOWHOIO
pi3aHHA i mojavero, i BiANOBIAHO 3yCHIUIA pi3aHHS OyoyTh HE3HAUHUMH.
BenuunHa npyKHUX BiATHCKaHb BU3HAYAEThCS 3a rpadikom (puc. 1.2) abo
3a (popmyoro

Ve = g, MKM (1.5)

ne F — cuma pizannsa, H; C — ®OPCTKICTh CHCTEMH CYNOPT — IIMHAHICIH,
H/mxm.

[Moxubka HamalmITyBaHHS Ha PpO3MIp 3aJCKUTh BiA METOIIB
PETYIIOBaHHS TIOJOKEHHS i3I, BiJl MOXHUOKM BUMIipIOBaHHS, TOmIO. s
TOHKOTO TOYiHHS AeTalel 3 po3MipamH, IO AOCTYIHI HA JaHOMY aBTOMaTi
MOYKHa PEKOMEHIIyBaTH CEpElHIO JOIMYCTUMY IMOXHOKY HajamTyBaHHA 5
MKM [2].

[eoMeTpuyHa TOYHICTH BEpCTaTa MOXKE BIUIMBATH Ha ITOXHOKH
po3MipiB, (OpMH Ta B3aEMHOTO PO3TAIIyBaHHS ITOBEPXOHb JICTaJICH.
IIpoBeneni mocmimkeHHs reoMmerpmdHOoi TouHocTi TPA narote mimctaBm
OpaTu BeNWMYWHY TEOMETPUYHOI IMOXHOKHW, IO BIUIMBA€ HA TOYHICTH
nmiamerpa geranmi o, = 2 MKM. B pa3si BiACyTHOCTI eKClepUMEHTaIbHUX
JaHWX BeJIMYMHA TOXHOKW Moke Opatucs B Mexax 0,7 BenUUUHH
CTaH/IapPTHOTO JOITyCTHMOTO BiIXHJICHHS.

Cepen mporneciB  cepeqHbOl IMIBHIKOCTI HAHCYTTEBINIy POJb
BIZIIrpaloTh TEMIIEpaTypHi nedopmallii By3JliB BepcTaTa, IO BXOAATH [0
JaHIIOTa IHCTPYMEHT — JIeTajb, Ta 3HOIYBAaHHS IHCTPYMEHTY.

B TPA temnepatypHi nedhopmartii By3iiB popMyIOTECS B OCHOBHOMY
3a paxyHOK HarpiBaHHs BiJl JDKEpeNl TEIUIOBUIUICHHS, PO3MIIICHUX B
KOHCTpYyKIii Bepcrara. lllmuHnmenrHa Oa0ka HarpiBaeThCsl BHACIHIOK
TETJIOBUIUICHHS B ONOpaxX IIMHH/EINS, 2 CTAHMHA — 33 PaxXyHOK TeIIa, 10
BUJIUISETBCS. B KOPOOI HIBHJKOCTEH Ta pe3epByapi CHUCTEMH MallleHHS,
po3miiieHoMy B TyMOi Bepctata. OCHOBHHUM 3 LHUX JDKEPEN € MIMUHACTbHI
OMOpH, TEIUIOBUIUICHHS B SKUX 3aJ€KUTh BiJ YacTOTH OOepTaHHA
HIMAHAENS Ta TOCKOHAJIOCTI CUCTeMH MalleHHs. HaBaHTakeHHs Ha OnopH,
SK TOKa3aJll eKCIIEPUMEHTAIIBHI JTOCHIPKEHHSI, BHACIIIOK HE3HAYHUX CHII,
CYTTEBOTO HE BIUIMBA€ HA TEIUIOBUAIJICHHS 1 HOrO BIUIMB 3HAXOAMTHCS B
MEKax MOXUOKU EKCIIEPUMEHTY.

PesynmbTati  eKCliEpUMEHTAIBHUX — JOCHTI/DKEHb  TEeMIIepaTypHHX
nedopmariii TPA mozneni 1B116I1 B ymoBax po0OOTH Ha Pi3HMX 4aCcTOTax



obepranHs MIMMUHIES HaBemeHi Ha rpadikax puc. 1.3 i puc. 1.4. Ha
4acTOTaxX oOepTaHHs IIMHHIENS HIbK4HX 3a 4000 xB. " nedopmarii GymyTs
Ooyim3pkuMu 10 aedopmaniii Ha gactori 4000 XB.'l, OCKIIBKM B yMOBax
3MAICHHsI TUIACTUYHUM MAcCTIJIOM B Jiama3oHi 4acToT obeptanHs 1600 -
4000 xB." TermIOBMIIIEHHS B M IIIMITHAKAX 3MIHIOETHCS HE CYTTERO.
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Pucynox 1.3 - TopusoHTayiBHI TemIlepaTypHi 3MIIIEHHS CHCTEMH IIIUHJIETb -
nonepevHuii cynopt aBromara 1B116I1 (HanpsiMok 3cyBy — Biji oneparopa)
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Pucynok 1.4 — BeprukampHi TemIlepaTypHi 3MIIMIEHHS CHCTEMH IINAHICTb-
peBosibBepHUit cynopt aBToMaTa 1B11611
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Ilicna 2,5 - 3 roguH poOOTH aBTOMAaTa IHTCHCHBHICTH HAPOCTAHHS
nedopMariiii 3HWKYETBCA, IO MOXKE CBIJYATH PO BHUXIJ aBTOMara Ha
pexxuM TerioBoro Oamancy. Cinif 3BepHyTH yBary Ha Te, IO B pasi
3yNMHKA B po0OTI aBToMaTa YW TO Ha OOITHIO TepepBy, YW IS
T THATIATO/KEHHS aBTOMAaTta BiAOyBaeThCs OXOJOHKEHHS BepCTaTa i 3CyBH
BY3JIiB 3MEHIITYIOTHCS, ajle Micis MyCKy aBToMaTa IIUKJI HarpiBaHHS 1 3CYBIB
BY3JIiB BiIHOBIIIOETHCA.

3HOMIyBaHHS Pi3aJbHOrO iHCTPYMEHTa MOXKE CYTTEBO BIUIMBATH Ha
MMOKa3HUKA TIApaMeTPUIHOI HaAIHHOCTI BEpCTaTa, OCOOIMBO BPaXOBYIOUH
JKOPCTKI JOMYCKH Ha po3Mipu oOpoOmioBaHoi aetani. Ha rpadikax (puc.
1.5) HaBeneHi pe3ysibTaTH EKCIEPUMEHTAIBHOTO JOCIIPKEHHS BILUIUBY
3HOIIYBaHHS Pi3Is HA AiaMeTp oOpoOIFOBaHOI AeTali.

Ad, !
MEKM ~ —

e
40
30

Vo
_e/
fg .%/:_.).:-"'/”K“H 3

0 0.5 1.0 1.5 2.0 2,5 T.rom

5 10 15 L. kM

1 — cranp A12; pisens 3i ctay T15K6; momaua S = 0,011mm/06.
2 - crans Al2; pisens 31 crumaBy T15K6; momaua S = 0,022mM/006.
3 - natynsb JI63; pizenp 3i crutaBy BKS; nogauda S = 0,022mm/06.
Pucynok 1.5 - Brutus 3HOIIyBaHHS Pi3Is Ha JiaMeTp JeTami

IMpotsarom 0,8 - 1 roguHu “yrcroro” pizaHHs 1o craii (kpusi 1 1 2)
CIOCTEpIraeTbcsl IHTEHCHBHE 3HOIIYBaHHS I1HCTPYMEHTA, L0 BIUIMB Ha
nmiamerp o0poOku. B mopanemioMy iHTEHCHBHICTH 3HOLIYBAaHHSA Pi3KO
3HWKYETHCS. BpaxoByroun Takuii XapakTep 3HOIIYBAHHS IHCTPYMEHTY, TIeH
¢dakTOop MOXe OyTHM OCHOBHHM, IO 3YMOBJIOE BHKOHAHHS IIiJHATAIKU
IHCTpYMEHTa, 0OCOOJIMBO Ha MOYATKOBiH cTazii poOOTH iHCTpyMEHTA.
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Yac pobotu aBTOMaTa 1y A0 TMiTHATAIKH BHU3HAYAETHCS HASBHICTIO
3amacy TO4HOCTi J,. CkiamoBi MOXHOOK OOpOOKH, IO PO3TIISIHYTI BHIIE,
UL 0OpOOKH 3 PEBOJIBBEPHOrO 1 MOMEPEYHOTO CYMOPTIB MPOLIIOCTPOBaHI
Ha puc. 1.6. Slk BUAHO 3 PHCYHKIB, €IEMEHTapHI MOXHOKH, 3yMOBIEHi
pI3HUMM YHMHHHMKAaMH, OiOTh OJZHOHAIIPABICHO, TOOTO BOHHM JOAAIOTHCS.
Tak 1 mpyxXHI BIITUCKaHHA 1 TeMIepaTypHi 3CYBH 1 3HOIIyBaHHSA
IHCTPYMEHTY CIPHAIOTH BIIXWICHHIO OOpOOIIOBaHOTO mdiaMeTpa B Oik
3pOCTaHHS.

V4 V4
& Osmin.
(2=} ]
/ Sr / Ot
KJ N \j "y
: 6)
&
4=} . .
Pucynok 1.6 - CkiamoBi TOYHOCTI 0OpOOKH 3
peBosibBEepHOTO (@) 1 mepexHporo nonepevHoro (0) cymopra
TPA: 3, — TemneparypHi aedopmanil MIUHIETS BiZHOCHO
PEBOJILBEPHOTO  CYNOPTa; Oy, — MPYXKHI 3CYBH CHCTEMH
a) CyNmOpT — UIMHAHAENB; O, — IOXHOKH  BHACIHIZIOK

3HOLIYBaHHS IHCTPYMEHTY

3MiHa CXeMH pi3aHHs 3 PEBOJILBEPHOTO i MONEPEYHOrO CYMOPTIB
MOJXE JICIIO0 3MCHIIUTH CyMapHy MOXHOKY OOpOOKH, SIKIIO CKJIaaoBi il
OyIyTh [IiITH Pi3HOHAIPABIIEHO, 30KpeMa IMPYXHI BIATHCKaHHA OyIyTh
KOMIIEHCYBATHCS TEMIIEPATYPHUMH 3CYBaMU.

[Mpotsarom TpuBasoi eKkcIulyartallii aBToMara Ha TOYHICTH HOTO
pOOOTH TIOYHMHAIOTH BIUTUBATH IMPOIIECH 3HOIIYBAaHHS MOBEPXOHb 0a30BUX
netaneid. Y OUIbIIOCTI BUIIAIKIB OCHOBHE 3HAYEHHs y BTpaTi aBTOMaTaMu
TOYHOCTI 1 BIOPOCTIMKOCTI MarOTh BEJIMYKMHA 1 (hopMa 3HOIICHOI IOBEPXHI.
3HaOYM CEpPEeIHI0 IIBUIAKICTh 3HOMIYBaHHSA 1 11 PO3CIIOBaHHS, MOYHA
BU3HAUUTH CTYIiHb BIUIMBY 3HOCIB OKpPEMHX CIOJIyYeHb aBTOMAara Ha
BTPaTy HUM TOYHOCTi, a TakoX yac poOOTHM BepcTara 3 HEOOXiTHHUMU
MOKa3HUKaMU TOYHOCTI 1 WMOBIpHICTh O€3BIAMOBHOI POOOTH Jis JaHOTO
HanpauioBaHHs. 3HAYSHHSI CEpe/IHiX 3HOCIB HanpsMHUX Ui rpynu TPA 3
niameTpom 00poOku 10 18 MM HaBeneHi B Tadbmumi 1.1 [3].
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Tabmums 1.1 - 3HadeHHs cepeHiX 3HOCIB BEPXHIX TOPU30HTATHHUX
rpadeit HanpsmanX crannad TPA ms mampamroBannas T = 2000 1 T = 9000
TOJ.

Howmep Cepenniii 3HOC B MKM TIPH Cepensst LIBUIKICTD
BepcTaTa | HaIpaIIOBaHHI B 200. 3HOMIyBaHHS B mxm Ha 1000
200. TIPY HAIIPAITIOBaHHI B 200.
Yac 2000 9000 2000 9000
pobotu
1 11,8 33,8 59 3,76
2 11,9 34,1 5,95 3,79
3 14,8 32,8 7,40 3,65
4 10,05 29,1 5,00 3,24
5 9,9 24,2 4,95 2,69

3a mepiog pobortu Bepcrara 7, IO XapaKTepu3ye pecypc Horo
po0OTH, HE BUKOPUCTaHA YacTKa AOIMYCKY Ha mapaMeTp X BU3HAUUTHCA

Sy=0—ah—a.— 0,5JA;2+Ag2 +o+ A2+ A2 + A% (16)

Tyr BenwumMHa @ KpiM 3a3HaYE€HHX BHIIE MOXUOOK MOBMHHA
BKJIFOYATH TOXUOKH, 3YMOBJICHI 3HOINYBAHHSIM HAMPSIMHHUX EJIEMEHTIB.
30Ha pO3CitOBaHHS A, PO3PaXx0OBY€EThCS 3a JaHUMU TaOuIli 1.

Ominka cepemHbOr0 KBagPAaTUYHOTO BiIXHWJIEHHS PO3CIIOBaHHS
CepeIHbOT IIIBUKOCTI 3HOIIYBAHHS BU3HAYCHA 3@ PIBHIHHAM

2
Acep = ﬁz:?:l(yui _ycep) ) (1.7)

I Yyi - WBUAKICT 3HOIIYBAHHS HANPSIMHUX i-TO BEpCTaTa y BiJIOBITHOMY

Mepiofli HaIIpamroBaHHS,

Yeep - CEPEIHS IIBUIKICTH 3HOIIYBAaHHS HANPIMHUX BCIX BEPCTATIB B

BiJIIIOBITHOMY TI€PiOIi.

Skmo Bemmumna 6, < 0, TO me CBIAYMTH, IO 3amac HaIIHHOCTI
BUYEPIIaHO 1 HEOOXiJTHO MPOBOJUTH 3aXOJU CHPSMOBaHI Ha BiIHOBJICHHS
mpame3naTHocTi  (TodHocTi) aBromarta. lLle MoxyTh OyTu 3axonm
TEXHOJIOTIYHOTO XapaKkTepy, 30KpeMa BUKOPHCTAHHS PEKUMIB 00pOOKH, Ha
AkuX OynyTh MEHIII MpPYXHI BIATUCKAHHS, MEHIIE TEIUIOBHUIIIEHHS B
omopax 1, BIANOBiAHO, TeMmIepaTypHi 3CyBH, OUIBII  peTenbHe
HaJIAIITYBaHHS Ha MOTPIOHUI Po3Mip i, K 3a3HaYaNbCs paHillle, MOXKINBA
3MiHA CXEMHU pi3aHHsA. 3 TOYKH 30pYy eKcIulyaraiii aBToMaTa, CIij
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MPUIUINTA yBary palioOHaJbHOMY 3MAall[yBaHHIO BY3JIiB BepcTara, IIo
CTIPUATHME 3HIKEHHS TepTS B CIIOJIYYCHHSX, a L€ 3HIKYyBAaTHME 3HOC
€JICMCHTIB 1 TCIUIOBHIIJICHHS B HUX.

1.4. llopsinox BUKOHAHHS Po6OTH

1.4.1 TlpoananizyBaTH yci CKIaJ0BI CyMapHOI MOXHOKH OOpOOKH
JleTaji Ha BepCTaTi.

1.4.2 BemuunHa ap 3MilIEHHS LEHTPY pO3CIIOBaHHA MOXe OyTu
BU3HAUCHA 3 BPaXyBaHHSM MPYKHHUX BiITUCKaHb, IOXHOOK HAJIAIITYBaHHS Ta
TeOMETPUYHHMX MOXMOOK aBToMara. J[is BU3HAYEHHS BEIMYMHH HPYKHHUX
BIATUCKaHb HEOOXITHO BHOpAaTH PEXKWUMH Pi3aHHS I YUCTOBOI OOPOOKH i
PO3paxyBaTH CUIIH pi3aHHS IS IUX PEKUMIB. 3HAIOUM CHITY Pi3aHHs, MPYXKHI
BIATUCKAaHHS MOXXHA BU3Ha4aTH 3a Tpadikom (puc. 1.2) abo 3a ¢opmymnoro
(1.5). B pas3i 3actocyBanHs (hOpMyJIH, )KOPCTKICTh cucteMi C BH3HAYAETHCS
eKCIIepIMEHTANBHO. 32 BiJCYTHOCTI EKCIIEPUMEHTAJIBHUX JaHHX, MOXKHa
CKOPHUCTATHCS JKOPCTKICTIO, PErJIaMEHTOBAHOIO CTaHAApTOM (Tabmumi A3, A4).

1.4.3 TloxuOka HamamTyBaHHS BH3HAYMUTH 32 HOPMAaTHUBaAMHU 3
noBimauka [2] (tabn. A.1) Cnmig BpaxoByBaTH, L0 B TOKapHO-
pEeBOJBBEPHHUX aBTOMaTax kiacy Il pi3ni HanamTOBYIOTHCS Ha pO3MIp 3a
JTIOTIOMOTO0 1HJIMKATOpiB 3 IiHOIO nijeHHs He Hiwkde 0,002 mm. Pismi B
PEBOJILBEPHOMY CYNOPTi BCTAHOBIIOIOTHCS B BEPTUKAJIBHIN IUIOIIUHI ITi[
NPYTKOM, a B MOTNIEPEYHOMY CYMOPTi B TOPU30HTANBHIH IUIOMIKHI.

['eomeTpuyHi TOXMOKM BepcTara IOBHHHI BPAaxOBYBAaTUCS, SIKIIO
BOHU 0€310CepeIHBO BILTMBAIOTH HAa BEJIMYMHY MapameTpy X.

1.4.4 [ins pexxumiB 0OpoOKu, BUOpaHHX B I1. 1.4.2, BU3HAUUTH BEUUMHY
TeMIIepaTypHUX 3CYBIB MK iHCTPYMEHTOM 1 IIIUHAEIEM B TOPH3OHTAIBHIN Ta
BEPTUKAIIBHIMN TUTonmHax 3a rpadikamu (puc. 1.3 i puc. 1.4).

1.4.5 CxnanoBy 3HOIIYBaHHS 1HCTPYMEHTY BH3HAUMTH 3a rpadikoM (prc.
1.5). J1nst mepiomy poOOTH 10 TIEPIIOT MiTHANAIKHU CJTijl CKOPHCTATHCS JIISTHKOIO
KpUBOI JUIsl IHTCHCHBHOTO 3HOLTYBAaHHS, a BIOAQIBIIOMY — JAUISHKOIO D
HOPMaJIbHOI pOoOOTH 1HCTpyMEHTa. 3HOC 3alIeKWTh B LUIIXY MPOHIEHOro
pisiieM, TOMy B pa3i poOOTH Ha MIBHIKOCTSIX, IO BiIPI3HSIOTHCS Bijl 3a3HAYCHHX,
HEOOXIJHO TepepaxyBaTh 4ac PoOOTH Pi3lsd 3 BpaxyBaHHSM miBuakocti. Crrin
3BEpHYTH YyBary, 110 Ha TpadiKy 3HOLIYBaHHS HaBEACHI NaHi BigHECEHi 10
JliameTpa 00poOKH, a TPY»KHI BIITHCKAHHSI 1 TeMIIEpalypHi 3CYBH — JI0 pajiiyca.

1.4.6 Jns ckimagoBux, BusHaueHux B m.i. 1.4.2 — 1.4.5, BusHauntu
30HM pO3CiOBaHHA. SIKIIO A pO3paxyHKIB HE JOCTaTHBO [aHHX,
BEJIMYMHY PO3CitOBaHHs OpaTw sk 1/3 Bix BenmuuuHM (akTopy.
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7. 3agaTi 9ac poOOTH aBTOMATa 10 MEPIIOi iJHATAIKHA 1| BU3HAYNTH
pe3epB JomycKy i 3amac HamiiHOCTI 3a (dopmymamu 1.3 i 1.4. B pa3si
BUYEpIIaHHs pe3epBY JOIMYCKY 1 BUXOY 32 JAOIMYCTUMI MEXi BiIKOpUTYBaTH
pekuMu  00poOKM 3 METOI 3MEHIICHHS MpPY)KHUX BIATUCKaHb 1
TEMIIEpaTypHUX 3CYyBiB Ha dYac poOOTH aBTOMara /O HepIIoro
Hi{HATIaroKeHHs. BUxoas4n 3 HassBHOTO 3amacy TOYHOCTI BU3HAYUTH ac
poOOTH aBTOMaTa [0 HACTYIHOI MiIHAJIAJAKH, BPaXOBYIOUM 3HOIIYBaHHS
IHCTpyMeHTa B pekuMi HopMallbHOI poboTn. MoxHa Opatu A0 yBaru, mio
yac poOOTH YMCTOBOIO Pi3Lsd B UKJII 00poOKu netaii ckianae 20-25%.

1.4.8 BpaxoBylouM NpoLeCH MOBUIBHOI IIBHIKOCTI, 30KpeMa
3HOIIYBaHHsI, BU3HAUYUTH Pecypc poOOTH BepcTaTa.

1.4.9 3anponoHyBaTH NUIAXW TIIBHINEHHS PECypcy Bepcrara 3a
rapaMeTpoM TOYHOCTI.

1.4.1. PesymbraTH po3paxyHKiB moaaTH i BUDIAn rpadiky (3a
npukiagoM puc. 1.1). Bei po3paxynku, rpadiku 1 pekoMmeHaaii ohopMuTH
Y BHUTJISIII 3BITY.

1.5. KoHTpoOJILHI NUTAaHHA

1.5.1 Sxi npotiecy BINTMBAIOTH HAa TIApaMeTPHYHY HaAilHHICTh BepcTaTa?

1.5.2 Slkumu noKa3HMKaMHM BU3HAYA€THCS Yac poOOTH BepcraTa a0
migHaIaaKu?

1.5.3 fxi ¢akTopu BIUIMBAIOTh HA BEIHYMHY TEMIIEPaTypPHUX 3CYBiB
B CHCTEMI CyNOPT — IIHHIEIH?

1.54 SlkuM YHMHOM MOXHA 3MEHIIUTH TIPYKHI 3CYBH Yy CHCTEMI
CYTIOPT — LIMHUHJIENb?

1.5.5 Skumu crocobamMu MOXHA 30UIBIIMTA Yac poOOTH JI0
T THAAIKH, 200 32 TOTO CaMOT0 Yacy 30UTBIINTH Pe3epPB TOYHOCTI?

1.5.6 Sk mposBIAIOTHCS MPOLIECH 3HOLITYBAHHS OCHOBHUX €JIEMEHTIB
BepcTaTa Ha MapaMeTpHyHii TOYHOCTI?

1.5.7 3a paxyHOK SIKWX YMHHUKIB MOKHA 301JIBIIATH pecypc poOOTH
Bepcrara?

1.6. PexomenoBaHa Jiiteparypa

1. Iponnko A.C. Hanexaocts MarmH. — M.: MarmmHoctpoerwe, 1978.—592 c.

2. CripaBouHMK TexHoJora-MammHoctpoutensi. B 2-x 1. T.1/ Ilox pex..
A.T. Kocunogoii u P.K. Memepsikoa. —M.: MammHocTpoenue, 1985. 656 c.

3. TexHonoruueckas HaaeKHOCTh cTaHkoB. [lom pexa.. A.C.
[IponukoBa. M.: Mammunoctpoenne, 1971, ¢.344.
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INPAKTHYHA POBOTA Ne 2

PO3PAXYHOK JOBI'OBIYHOCTI HAITPAMHUX
KOYEHHA BEPCTATIB

2.1 Meta podoTn

MeTtoro poOOTH € BUBYEHHS METOAWKH PO3PaxyHKIB MOKAa3HUKIB
HaAIHHOCTI HANPSMHKUX KOYEHHS B PI3HMX YMOBaX €KCIUTyaTarlii.

2.2 3mict podoTH

BHBYMTH METOMUKY BH3HAYEHHS JOBFOBIYHOCTI  HAMPAMHHX
KOYCHHs, (DaKTOpH, IO MPHU3BOJATH J0 BiJIMOBH, BIUIMB PI3HUX YMHHUKIB
Ha Mpale3JaTHICTh JIEMEHTIB HAIIPSIMHOT

2.3 3arajabHi mo10KeHHS

OCHOBHOIO NPUYUHOIO BTpaTd  HANpSMHUMH  KOUYCHHS
Mpane3gaTHOCTI 3a3BUYali € KOHTAaKTHa BTOMa IIOBEPXHEBUX IIapiB
HanpsSMHUX TOBEPXOHb 1 TUI KOYEHHS BHACHIAOK il IUKIIYHUX
HaBaHTAXKEHb.

B nporieci pyxy niHIHHOI OMOpY TIiJi HABAaHTAXXEHHIM HANpsiMHA Ta
Tina KoueHHA (KyJIbKHM 4YH POJHMKH) Tepe0yBaloTh i TMOCTiHHUM
MUKIIYHAM HaMpyXeHHAM. BHacIiIoKk BTOMH Matepiany BigOyBaeThCs
BTOMHE PyHHYBaHHS ITOBEPXOHb — YACTKH TIOBEPXOHB BiJIIIAPOBYIOTHCS.

YMOBH poOOTH HANPSMHHUX MOXYTh CYTTEBO BIIPI3HSATHCS: Pi3HUN
XapakTep MPHUKIAJICHOTO HABAHTAXKEHHS, Pi3HI YMOBH MAIEHHS 1 3aXHCTY
HanpsSMHUX BiJ 3a0pyJHEHHS, BIUIMB TOMITOBXIiB 1 BiOpariii; 3MiHHMIA
PEKUM POOOTH HATIPSMHHX;, TEMIIEPATYPHHUI PEXKHUM, TOIIIO.

JIOBrOBIYHICTh HANPSMHOI KOYCHHsI (JIIHIHHOT OIOpPH) BU3HAYAETHCS
3arajJbHOIO BiJICTAHHIO TEPEMILIEHHS BiJl Yacy 3aIlycKy JI0 4acy, KOJIH Ha
TTOBEPXHI HANPSAMHOI a00 eleMeHTa KOYeHHS 3’ SBIAThCS IEPIIi IDIacTiBII
BiJmapyBaHHs. JIOBrOBIUHICTE OMIOPH MOXE CYTTEBO BIJIPI3HATHCS HaBITh
TOJli, KOJIM BOHW BHTOTOBJICHI i EKCILTYaTYIOThCS B OJTHAKOBUX YMOBaX.

HowminanbHa JOBroBiYHICT OMOPH L€ 3arajibHa CyMa MakCHUMalbHOI
BIJICTaHI HepeMillieHHs 0e3 BUKpHIyBaHHs (BiamiapysanHs) 90% ormop Bix
IpyNy JIESKOTO THUIY, [0 BUIPOOOBYBAIUCS B OJHAKOBUX YMOBax
nepemimeHHs. Ko notpidHa Giibira HMOBIpHICTE 0€3BiIMOBHOI poOOTH,
TO pecypc MOBUHEH OyTH CKOPOYEHUH 3 BpaXyBaHHSAM KOe(]iLlieHTY a, SIKUi
HaBEAECHUU B TAOMULI
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Tabmuns 2.1 — 3anexHIiCTh pecypcy OINOpH BiJ HMOBIPHOCTI
6e3BigMoBHOI podoTw. [1, (2)]
ImoBipHicTB
0e3B1IMOBHOT 90 95 96 97 98 99
poboTu
4 1 0,64 0,55 0,47 0,37 0,25
(0,62) | (0,53) | (0,44) | (0,33) | (0,21)

Pecypc mimiiiHOi omopm, IO pyXaeTbCs TiJ HaBaHTAKEHHSIM,
BU3HAYAETHCA depe3 AWHaMiyHy BaHTaxomigiioMmHicte C. [luHamidHa
BaHTAXOMIAHOMHICTE 3a Bu3HaueHHsM ISO, Iie HaBaHTaXXEHHs CTalie 3a
HAIpPSIMKOM Ta BEJIMYMHOIO, 32 SKOTO HOMiHANBHHN pecypc ckiamae 100 km
JUIS TPYIIH OTHAKOBUX OTIOP.

HowminansHa TepMiH cy)0u onopu:

JJ1d KYJIbKOBUX HAlIPpAMHHX

L= (M-i)3 -100, KM,

fw Pc
JUUISL POJIMKOBUX HAIPSMHUX
10
. C\3
oo (Bt g
fw Pc

ne C - 6a3oBa nuHaMivHA BaHTa)<omiaioMHicTh (H);
P¢ - po3paxynkoBe HaBantaxxenus (H);

fy - kKoedimient TBepaoCTi (pHc.2.1, a);

fr - Temnepatypuwuii koedirienr (puc.2.1, 6);

fc - koHTakTHUH hakTop (Tadm. 2.2);

fw - KoedimieHT HaBaHTaKeHHS (Ta0I. 2.2).

JluHamidHa BaHTaXOIMIAHOMHICTh OTOp KOYEHHS I pecypcy 50 kM
MoKe OyTH MepepaxoBaHa TAKUM YHHOM:

Cso = C+1,23 nst pOTMKOBHUX OTIOD;

Cso = C-1,26 qyig KyIbKOBHX OIIOP.

s toro, moO 3a0e3meuynTH  JAOCATHEHHS  ONTHMAJIbHOI
HABaHTAXXYBAILHOI 3JaTHOCTI HANPSMHOI, TBEPHICTh JOPIKKHA KOUYCHHS
noBuHHa OyTH B Mexax 58 - 64 HRC.

Slkmo TBepHiCTh HIDKYE, HDK IIeH fiama3oH, 0a3oBa JuUHAMIYHA i
0a3oBa CTaTHYHA BAHTAXOIIJHOMHICTH 3HWKYIOThCS. ToMmy HEOOXiTHO
BBOJIMTH BimoBiqHui koedinient tBepaocri (fy) (puc. 2.1, a).




17

OCKiNbKM HalpsMHa KOYEHHS Ma€ JOCTATHIO TBEPIICTh, 3HaueHHS fy
JUISL HATIPaBIIIOYO0i 3a3Bu4ait 1,0, AKIIo He BKa3aHO iHIIE.

Temneparypuuit  ¢aktop (fr) BpaxoByeTbcss B pasi, SKIIO
TeMIeparypa CepelloBHIIa, B SKOMY (YHKLIOHYE HaNpsMHA, MEPEBHUILYE
100°C (pwuc. 2.1, 6).

B pasi BUKOpUCTaHHA JEKIJTBKOX OJIOKIB Ha OJHOMY pobodoMy
OpraHi  YCKJIagHIOETBCS ~ JOCATHEHHS  PIBHOMIPHOTO  PO3MOALTY
HAaBaHTAKEHHS, BHACIIJOK MOMEHTHUX HABAHTAXXCHb 1 TOYHOCTI MOHTAaXY
MOBEPXHi, 110 BPAXOBYETHCS BBEICHHAM KoedimienTa fe.

1.0 ﬁ\
0.9
0.8 \ E1.0
= 07 i o5 1]
&V 50 .
5 06 o8 [~
oy 2 ~
g 05 \ 507
5 04 § 0.6
203 AN 5 .
g 0.2 g
= [
0.1 100 150 200
| | | . \‘\\ Temneparypa Hanpamemx ('C)

60 50 40 30 20 10
Teepgicte Hanpamuux (HRC)

a) 0)

Pucynok 2.1 — I'padixu juts1 BU3HaYSHHS KOe(ili€HTIB TBEPAOCTI —a 1 TeMIepaTypHOro — 6.

B minomy mocTtynansHui pyxX By3na mij yac poOOTH MAallWHH, SIK
MpaBWJIO, TOB'A3aHUN 3 BiOpamisMu abo ymapamu. Tomy, KOJH BIUIHB
IIBUAKOCTI 1 BiOparii 3a OI[iHKaMW 3HAYHWM, JUIsi BU3HAYCHHS 0a30BOTO
nuHamivyHoro — HaBaHTaxeHHs (C) cmim  BpaxoByBaTH — KOEQilli€HT
HaBaHTaxeHHS f,,.

MertanopizainbHi  BepcTaTH TNPaLOIOTh B YMOBaX HEBHCOKHX
temreparyp (t < 40°C). HampsiMHI BHUKOHaBYMX pyXiB TOBUHHI
3a0e3neuyBaTH BUCOKY TOYHICTh PYXY Ta )KOPCTKICTh, i BATOTOBIISIOTHCS 3
JIETOBaHUX TEPMOOOPOOJICHHUX cTalieil 3 BUCOKOK TBepaicTio (=60 HRC).
ToMy B po3paxyHKax JOBIOBIUHOCTI HAIPSIMHHMX BEPCTATIiB KOe(DilliEHTH
TBEPAOCTI 1 TeMmmepaTypHHH JomiIbHO Opatu piBHUM 1. KoHTakTHuit
KoeiLieHT cJIiJl BpaxOBYBaTH B PO3paxyHKax HaNpsIMHUX BY3JiB 3HAYHOT
JOBXKHMHH, SIK HAIPUKJIaJ, CTOIH (HPE3epPHUX BEPCTATIB.
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Tabmuirs 2.2 — 3uauenus koedimienTis fe 1 fy

Uucno 6mokiB | Korraktauit | Bibpamii, | [IIBuakicTh Koedirmient
B 3aKpUTOMYy | Koe(ilieHT yaapu pyxy (V), M/c | HaBaHTaxe
KOHTAKTI fc HHs fy

2 0,81 Bincyrhi | lyke HU3bKA 1-1,2

3 0,72 V<0.25

4 0,66 Cnaoki | IloBinbHa 12-15

5 0,61 0,25<V<l

6 1 OinpLie 0,6 Cepenni | Cepenns 15-2
Hopmanbhe 1 1<v<2

BUKOPHUCTAHHS CunpHi | BucokaV>2 |2-35

IlepemimieHHs] BUKOHABYMX OPTaHiB BEPCTATiB MOXE BiOyBaTHCS SIK
0e3 mpuKIaNeHHS CHJ pi3aHHS, KOJM Ha HANMPSMHI TiIOTh HABAHTaKCHHS
TIBKY Bil Bard By3/1a IO PYXa€ThCsl, TaK 1 3 MPUKIAIACHHSIM CHII pi3aHHS,
KOJIM Ha HANpPSMHI JII0Th HABAHTAXXEHHSI BiJl CHJI BarW 00’ €KTa Ta BiJ CHI
pizaHHs. Pyx BUKOHaBYHMX OpPTaHiB MOXE€ BUKOHYBATHCS B TOPH30HTAIBHIH,
BEePTHKAJIBHIA YW TOXWIid miomuHi. HaBaHTakeHHs Ha pyxoMuil OJ0K
(kapeTKy) HanpsSMHOI BU3HAYAETHCS BIJMOBIHO JI0 CXEMH BY3ia (I0JIaTOK
Al-AS). B pasi pyxy By3na 0Oe3 BHUKOHaHHS pOOOTH B HaBaHTKEHHI
BPaxOBYIOTbCS CHJIM BiJl BarW BY3lla; IIJ] 4Yac BHUKOHAHHA OOpOOKH
HaBaHTa)XEHHS Ha OJIOK BU3HAYAETHCS SIK CyMa HaBaHTAXKCHHS BiJl Baru Ta
BiJl CHJI CKJIAJIOBUX Pi3aHHS.

B dhopmynax nogatky A BUKOPUCTAHO Taki MO3HAYCHHS:

m - Maca By3J1a, [0 MEPEeMIIIYEThCS, KT

|, — BigcTann, MM;

F. - 3oBHimHg cuia, H;

P, - MPUKJIaJEHE bil) KapeTKu (610KY) HaBAHTAKECHHS
(pamianbHUI/3BOPOTHUH paialibHIH HANPsIMOK), H;

Pnr - mpuxiiagene 1o kapetku (0JI0Ky) HaBaHTakeHHsI (O14HUMIT HANPsIMOK),
H;

g - rpaBirariiine npuckopens, m/c’; (g = 9,8 m/c?).

HanpsimHa MoXe BUTpUMYBaTH HaBaHTa)KEHHS 1 MOMEHTH B YCiX
HampsiMKax, B TOMYy 4YHcii paaianbHe HaBaHTaxkeHHs (Pgr), 3BopoTHe
panianphe HaBaHTaxeHHs (P|) 1 6iune naBanTaxenus (Pr).
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Komn nBa abo Oinmbllie HaBaHTKEHb (HANPHWKIAN, pajiaabHe
HaBaHTKCHHS 1 O19HEe HaBaHTAKCHHS) OJJHOYACHO MPHUKJIAACHI 10 KapeTKH
HaNpsIMHOI, TEPMiH cIyXOW 1 cTaTMYHMH KOeQili€HT 3amacy MiIHOCTI
pPO3paxoBYIOTbCI 3  BUKOPHCTaHHAM CKBIBAJICHTHUX  3HAYCHb
HABaHTA)XCHHS, OTPUMAHUX NUITXOM IMEPETBOPCHHS BCiX HABAaHTAXCHb B
pamianbHi, OiU4HI 1 iHII HaBaHTaXeHb. PIBHIHHSA EKBIBaJICHTHOTO
HaBaHTAXEHHS Ui KapeTKHM HampsIMHOI ~ BpaxoBye  0OCOOIMBOCTI
KOHCTPYKIIiT OKpeMHUX Mozenen yepe3 koedimienta X 1iY.

Pe = X/|Pg|(PL) + Y P4

X, Y — exBiBaleHTHI Koe]ilieHTH. SIKIIO KyTH KOHTAKTy TiJl KOYEHHS i
HanpsMHOT aHku (puc. 2, 6) AopiBHIOTH 45°, koedinieHTn X 1 Y MOXKHA
Opatu piBHEMU 1.

2z
PL Pr
Pr J
— Oy
S T e
a) 0)

PucyHnok 2.2 — Cxemu MpUKIaICHHS HABAaHTAXXCHHsS Ha OmMopy (a) i KOHTaKTy Til
KOUCHHS 1 HAMPSMHOI TU1aHKH (0)

HaBanTa)xeHHS Ha KOHKpPETHY omopy (KapeTrky) HampsMHOT
3aNIeKUTh BiJ KOHCTPYKII 1 Mach By3/a, PO3MIIIEHHS HANpSIMHUX B
NPOCTOPi, PO3MILLEHHS KapETOK, MPHUKJIAJAEHOI0 HaBaHTaKeHHs. B nomatky
B HaBezeHi xapakTepHi BUNAJAKH pPO3MIIICHHS HAIPIMHHUX Ha BEPCTaTi, a B
tabmuisax bl — BS po3paxyHkoBi ¢opMynu 1711 BU3HAYECHHS HaBaHTAKEHHS
Ha OTIOpH.

B nporieci 00poOku Ha HanpsMHI JiIOTh CHIIM Bar'd pyXOMOT'O By3J1a
Ta 3YCHWUIS pi3aHHS, TOMY, BH3HAYalOUM HABAaHTAXXCHHS Ha OIOPHI
KapeTKd, CJiJ BpaxoByBaTW CyMapHE HaBaHTAXKCHHS, BH3HA4YCHE 32
¢dopmynamu tadi. b1 - b4 ta Tabuii b5.

2.4 Mopsinok BUKOHAHHS POOOTH

2.4.1 BuBuuTH OCOOIMBOCTI pO3paxyHKIB JIOBrOBIYHOCTI HAITPSIMHUX
KOYEHHsI METaJI000pOOHUX BEPCTATIB.
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2.4.2 TIpoaHaiizyBaTd yMOBH poOOTH By3ja BepcTara (101aTok B),
BUOPUTH PO3PAaXyHKOBY cxeMy (IomaTok b) i BU3HAYMTH HaBaHTaKEHHS,
IO JIi€ HA KOXHY KapeTKy HalpsIMHUX.

2.4.3 BuOpaTy TiI HApsIMHOI KOUSHHS (KYJIbKOBUH, UM POIMKOBHIA)
Ta BU3HAYHTHU CKBIBAJICHTHE HABAHTaXXCHHsS Ha omopy. /s monepeaHboro
BHOOpPY pO3Mipy OMOPH MOKHA CKOPHUCTATHCS CITiBBIITHOMICHHSIM MiX
JUHAMIYHOI BaHTaxommigioMHicTi0 C Ta NpPUKIAJACHUM ITUHAMIYHUM
HABAHTAXEHHAM Pnax Ta CcTaTHYHOK BaHTaxomimiomuictro Cp Ta
NPUKIAJICHAM  CTaTHYHHM  HABAaHTAXCHHSAM  Popa, PEKOMEHJIOBaHE
3HAYEHHS AKHUX JUIA Pi3HUX THUIIB 001 JHaHHS HaBeAeHO B Tabmumi 2.3.

2.4.4 Po3paxyBaTu JOBIOBIYHICTH OTIOP HAINPSIMHUX, 3 BPaxXyBaHHAM
ycix (hakTopiB, IO BIUIMBAIOTH HA JIOBIOBIYHICTH.

2.4.5 Bu3zHaunTH iIMOBIpHICTH 0€3BIAMOBHOI POOOTH HANIPSIMHUX JJIs
PO3paxoBaHOTO pecypcy ix podoTH.

Tabmums 2.3 — CHiBBIOHOIIEHHS MK BaHTAXXOINTAOMHICTIO Ta
NPHUKJIAJCHAM HaBaHTaKCHHSIM [1].

Tunu BepcTaTin C/IP ax Co/Pg max
3aranbHUN 6..9 >4
ToxapHhi 6..7 >4
®dpesepHi 6..7 >4
HlnidyBanpHi 9..10 >4
['paBitoBasibHI 5 >3

2.5 KoHTpoabHi MUTaHHSA

2.5.1 lllo sBnsie coOOrO AMHAMIYHA BAHTAXKOIIITHOMHICTh HAIIPSIMHOT
KOYeHHS?

2.5.2 SIk BU3HAYa€ThCS PECypC HAMPSIMHOT KOYCHHS?

2.5.3 SIxi pakTOpH BIJIMBAIOTH HAa PECYPC HANPSIMHOT KOYCHHS?

2.54 Sk 3amexuTh pecypc poOOTH HANpPSIMHOI KOYEHHS BiJX
IMOBIpHOCTI 0e3BiIMOBHOT poOOTH?

2.5.5 Sk BU3HAYA€THCS EKBIBAJICHTHE HABAHTAXCHHS Ha KapeTKH
HANPSMHOT KOUEHHS?

2.6 PexoMeH10BaHa JliTepaTypa

(1) Roller Rail Systems. Karamor Bosch Rexroth AG R999000354
(2015-10). p. 200. (www.boschrexroth.com/)



http://www.boschrexroth.com/

21

2. NSK Motion and Control. Super Precision Bearings. CAT. No.
E12549 2016. — p. 298

3. THK. General Catalog. Linear Motion Systems. p. 1901.
http://www.thk.com/

4. Ball rail systems. Ball runner blocks, ball rails, accessories.
Karamor Bosch Rexroth AG 2014 R999000485 (2014-12). p. 232.

5. Precision Machine Components. NSK Linear Guides, Ball Screws,
Monocarriers/ CAT. No. E3162¢ 2013 B-12 Printed in Japan©ONSK Ltd. p.
1106. http://www.nsk.com/



http://www.nsk.com/
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Honatok A. JlaHi 10 po3paxyHKiB mpakTUIHOT podoTu Ne 1

Tabmums A.1 — Iloxubku perymoBaHHS (YCTAaHOBICHHS) pi3lsd B

HaJIAlITyBaHHI HA PO3MIp B IONEPEYHOMY HAmpsMKy [2].

MerToza peryntoBaHHS MOJIOKEHHS Pi3Ls A, MKM
[o niMOy 3 IiHOIO IiTEHHS, MM:
0,01 5-10
0,02 10-15
0,05 15-30
Mo inaMKaTOpHOMY YHOPY 3 LIHOIO JIIIEHHS MPHIaTy, MM
0,01 10-15
0,002 3-5
0,001 1-2

Tabmuus A.2 — 3Hauenns koedinienty Cg 1 TOKa3HUKIB CTYIICHIO B

bopMysIax CUITH pi3aHHs Ipu ToviHHI [2].

= = - KoeoimienT i mokasHuk:m CTyneHr B (opMynax s
E .9 \S CKJIaIOBUX

g . g é Tanrenuiansuoi Fz | Pagiansroi Fy OcboBoi Fx

5 .S 2 )
"éé«ggcpxyncpxyncpxyn
gz|2) @

Bosnimme |300 [1,0 |0,75| |243]0,9 |0,6 | |339 [1,0 |0,5

[‘:“ O3 10BK-

S e i

2 onepeyHe

T [TOUiHHS "

S S 3osnimme [ 384 0,9 |0,9 |—|355(0,6 [0,8 |€2|241(1,05/0,2 |
é = | mO310BX- < Q <
g ,; HE

; £ | TouiHHs

,E & |pisuamu 3

= ﬁ II0JIaTKOB

=<8 1M JI€30M

§ Binpisan- | 408 | 0,72|0,8 |0 ({173 {0,73|0,67

g Hs i

i npopizaH-

Hs
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Tabmuns A.3 — HaBantakeHHS i BIJJHOCHI 3CYyBH PEBOJILBEPHOTO
cynopra B niepeBipiii skopctkocTi aBromarta ('OCT 18100-80)

= ABTOMATH KIacy ABTOMATH KI1acy
= i touHocTi H To4HOCTI I1
Ed 2 g . .
o = $
E E: ) S? s = = F z = E
= = § o) E < g E o < Qg E [5)
o S B9 5 ST SHs| 55T | &5 =
D=l =~ =] = B2 - T g S = 8. .= S
T 9 g o oz | 53 CEw | B=
= a = 3 @ = 2 m Z’%
¢ £ = £ =
d<10
< D <125 700 0,10 560 0,06
10<d<16 1000 0,12 800 0,08
16<d<25 125<D<160 1400 0,15 1120 0,10
25<d<40 2000 0,19 1600 0,12
40<d<65 160<D<200 2800 0,24 2240 0,15

Tabmumss A.4 — HapadTaxXeHHS 1 BiZHOCHI 3CYyBH TOINEPEYHOTO
cynopra B niepeBipui sxopctkocTi aBromata (I'OCT 18100-80)

= ABTOMATH KJacy ABTOMATH KJ1acy
= . touHocTi H TouyHoCTi I1
5 C &8 = = = =
[ > o 2= = ‘= o = B
B o s 2 = ) T 5 ) = 5
g = =l SET |cEs| S8T| 25
£e | fgg | BEC|EEE|=El|8Z¢3
S o 8 S O | B3 Ok | 2=
= a = S m o 2 m §
' g = g =
d<10 2 , 1 1
D <125 000 0,30 600 0,19
10<d<16 2800 0,34 2240 0,21
16<d<25 | 125<D<160 4000 0,4 3200 0,25
25<d<40 5600 0,5 4480 0,31
40<d<65 160<D<200 8000 0,63 6400 0,40
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Honarok b. [lani 10 BUKOHAHHS TpakTHIHOT podoTh Ne 2
Tabmumss b.1 — @opmynm s BHU3HAUEHHS peakiiidi KapeTok
TOPU30HTAJIBHUX HANPSIMHUX BiJl JIii Baru 00’ €KTy.

_T 2'l0 2'11 =T 2'l0 _2'11

Tabmunss b.2 — ®opmynu nns BU3HAYEHHS pEAKIiil KapeToK
TOPU3OHTAIBHUX HAMPSIMHUX BiJ| JIii Baru 00’ €KTy.
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Tabmuns B.3 — @opmyiu 11 BU3HAYCHHS peakiliil KapeToK MOXUIIAX
(TI0310BKHIX ) HAMIPSIMHMX BiJ Iii Baru 00’ exTy.

mg-cos@ mg-cosf-l, mg-cosf-l3 mg-sind-hy

P =+ ;
! 4 21, 2-1 2-1
mg-sind mg-sinf -1,
Pir = ;
4 21,
mg-cos@ mg-cosf-l, mg-cosB-l; mgsinG-hy
Pz = + —_— f— ;
4 2'10 2'11 2'11
__mg-sinf mg-sinf-l,
Por = 4 21
0
mg-cosd mg-cosf-l, mg-cosf-l3 mg-sinf-h,
P3 =+ - - ;
4 2 " lo 2 " l1 2 " ll
mg-sind mg-sinf -1,
P3r = -
4 2 * lo
mg-cosf = mg-cosO-l, =~ mgcosf-l; mg-sinf-hq
P4 == + - B
4' 2[0 2[1 211
__mg-sinf | mg-sing-l,
P4T -

4 210
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Tabmurs b.4 — @opmynu st BU3HAYEHHS PEakiliif KapeTOK MOXIUTHX
(TomepevHNX) HANPSAMHKX Bif [ii Baru 00’ €KTy.

mg-cosd mg-cosf-1l, mg-cosO-ls

P, =
! 4 21, 2-1
mg - siné - hy mg - sinf - I
- . pPa=g4—= " >
21, v Tt o
mg-cosd mg-cos@-l, mg-cosO-ls
P2:+ - . - .
4 21 2-4
mg - sind - hy _ mg-sinf-l;
2'10 ’ 2T = 210
mg -cosd mg-cosf-l, mg-cosf-l
P, =+ g _mg : 2 g ; 3
4 21 2L
mg - sind - hy _ mg-sinf-l;
2'l0 ’ 3T — 210
mg-cos@ mg-cosf-l, mg-cosf-l;
P, =
4 x T 2, T 2
mg - sind - hy mg - sinf - I

IP -
21 =t
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Tabmumss B.5 — @opmynm s BHU3HAUEHHS peakiiidi KapeTok
HaNPSAMHUX Bi Iii CHJT pi3aHHS.

cn]ili/IHFl Py no Py = 1;1..115' Pir 1o Pyr = 1;1_-1104
CI/IEI;Ii/IHFz Pr=F= % + FZ'Z'.llo6 : P =P = % B 22'.1106
Bin Prao by = 23'.;13 b Par =B %—l_ P;'—.lloé;

cunu F3 P,y = Py = % 3 FZ'?)_—IIZOG
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Honatok B. BapianTtu 3aBnans 10 po3paxyHKoBoi pobotn Ne 2
Tabmumss B.1 — Jlami s po3paxyHKY HampsIMHUX KOYEHHS
tokapaoro Bepcrara 3 YITY CTX alpha 500.

[Tapamerp Bepxniii cynoprt | Ilepenniii cynopt
Bick X | Bick Z | Bice X | Bics Z
Bigcranp Mixk HampssMuaumu 1y, mm | 480 640
Bijgcranb Mixk kapeTkamu lg, MM 400 560
Maca BepxHbO1 KapeTKH, KT 320 280
Maca cynopTta 3 KapeTKO, KT 450 410
Cun pizannst FX (F;), H 2100 1800
Fy (F,), H 7500 6300
Fz (Fy), H 3600 3200
Koopnunatu nentpy mac l,, Mm 80 190 80 180
I3, MM 90 100 180 100
h;, mm | 180 250 200 290
Koopauuaru cwn pizasss |, MM 280 340 280 340
Is, mm | 220 290 220 290
le, MM | 250 300 250 300
Kyt naxuny HanpsmHuEX, 6, 2pad. | 45 0 45 45
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Tabmuns B.2 — Jlani ansg po3paxyHKy HamnpsSMHHX KOUYCHHS
(dhpeseproro Bepcrara 3 YITY DMU 50.
Cynopr dhpesepHol
]
Kopnyc crona
Crin noBopoTHItit
OcHoga BepcTata
[Tapamertp Bicp X Bice Y Bics Z
BigcTanb MK HATPSIMHUAMH |1, MM 520 400 280
Bijgctanb Mixk kapeTkamu lg, MM 450 350 320
Maca ¢pe3epHoi TOIOBKH, KT 200
Maca cynopTa, Kr 380
Maca kapeTku, KT 520
Cwu pizanns Fx (Fs), H 450
Fy (F), H 400
Fz (Fy),H 900
Koopaunaru ueHtpy mac lp, Mmm 0 400-860 210
I3, MM 460-860 0 0
h;, MM 180
Koopauuaru cun pizanss s, Mmm 460 0 0
ls, MM 150 300 200
lg, MM 0 480 310
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Tabmuns B.3 — Jlani ansg po3paxyHKy HamnpsSMHHX KOUYCHHS
(peszepHoro Bepcrata 3 YITY Huron MX8

ITapametp Bice X Bice Y Bics Z
BijgcTanb MK HATPSIMHUAMH |1, MM 1000 600 800
Bincranp Mixk kapetkamu ly, MM 800 800 600
Maca ¢pe3epHoi roJoBKH, KT 420
Maca cynopTa, KT 980
Maca crona, Kr 1800
Cwn pizanns Fx (Fs), H 750
Fy (F,), H 700
Fz (F,),H 1400
Koopauuaru tientpy Mac |, Mm 0 0 200
I3, MM 0 300 0
Koopnunatu cui pizanss |y, MM 400 420 0
ls, MM 285 970 630
lg, MM 350 0 380




