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kBasTi(pikamiifHOi poOoTH OakanaBpa

«P03p00JIeHHS NPUBOAY INIMAHICJS TPUKOOPIMHATHOIO (hpe3epHoOro

BEpCTaTy»

KBamidikauiitna pobota OakanaBpa MicTuth 48 cropiHok, 11 pucyHkis, 7

Tabnuik, 13 mKepen.

KitouoBi cnoBa; EnektponpuBo/1, 4aCTOTHHUI EpeTBOPIOBaY, OCHOBUM IBUT'YH,

dbpesepHuil BepcTaT, IPUBIJ IITTHHIETIS.

OOG'exktoM po3poOsieHHsT KBamiikariiHoi poOOTH € TPUBOA IIITHHACIS
TPUKOOPAMHATHOTO (Ppe3epHOTO BepcTaTy, KEPyBaHHS SKOTO TMPUBOJMTHCS 3a
JIOTIOMOTOI0 TOJIOBHOTO TPHUBOAY, OChoBUX ABUTYHIB, madu YIIK, gacTtoTHOrO

IICpCTBOPrOBAYA.

Meroro kBamidikaiiitHoi pobotu OakanaBpa € po3poOJieHHS e()EKTUBHOTO
NpUBOAY IIIUHAENS Ui TPUKOOPAMHATHOTO (PE3epPHOTO BepcTara, SKHUi

3abe3Ieuye BUCOKY TOUHICTh Ta MIPOIYKTUBHICTH OOPOOKH JeTajei.

VY poboti Oyne mpoBeneHO aHalli3 ICHYIOYMX BUIIB ()pE3epHUX BEPCTaTiB, Ta
cdepa iX 3acTOCYBaHHS, OOUHCICHHS XapaKTEPUCTUK TOJIOBHOTO €JICKTPOIIPHBOTY
Ta miadip HOro ejxemMeHTiB, BHOIp NBUTYHAa TOJIOBHOTO MPUBOJY Ta CHCTEMH
KepyBaHHS, OOYHCICGHHS Ta TMPOCKTYBaHHA MPUPOAHUX MEXAHIYHHX Ta
CICKTPOMEXaHIYHUX  TapaMeTpiB  MOTOpa, pPO3PAXyHOK MEXaHIYHUX  Ta

CJIEKTPOMEXaHIYHUX XapaKTEPUCTHK CUCTEMHU.

Po6ora mae mpakTHYHY MIHHICTH 1 ii pe3ydabTaTH TMiCAs OUIBIN JETAIBHOI

JTOPOOKHU MOKYTh OYTH PO3TIISIHYTI I BAKOPUCTAHHS HA JAHOMY MiITPUEMCTBI.



ABSTRACT
bachelor's qualification work

«Development of a spindle drive of a three-coordinate milling machine»

The bachelor's thesis contains 48 pages, 11 figures, 7 tables, 13 sources.

Keywords; Electric drive, frequency converter, axial motor, milling machine,

spindle drive.

The object of development of the qualification work is the drive of the spindle
of a three-coordinate milling machine, which is controlled by the main drive, axial

motors, the CNC cabinet, and the frequency converter.

The aim of the bachelor's qualification work is to develop an efficient spindle
drive for a three-axis milling machine, which ensures high accuracy and productivity

of processing parts.

The paper will analyze the existing types of milling machines and their scope of
application, calculate the characteristics of the main electric drive and select its
elements, choose the main drive engine and control system, calculate and design the
natural mechanical and electromechanical parameters of the motor, calculate the

mechanical and electromechanical characteristics of the system.

The work has practical value and its results after more detailed refinement can

be considered for use at this enterprise.
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BCTYII

VY cydacHuX yMoBax BUPOOHMIITBA OJIHUM 3 HAMBaXJIMBIIIMX €JIEMEHTIB B
MEXaHIYHUX BUPOOax € TOYHICTh 00poOku neraneit. OMHUM 13 3aC001B TOCATHEHHS
BHUCOKOi TOYHOCTI OOpOOKM € 3acTOCyBaHHS TPUKOOPAMHATHUX (pe3epHux
BepcTaTiB. L1 BepcTaTu 31aTHI BUKOHYBATH CKJIAJIHI omepallii 00poOku neraieil B

TPbOX KOOPAUHATHUX HAIIPAMKAX.

OmHMM 3 KIIFOYOBHX €JIEMEHTIB TaKOTO BEpCTaTa € MPHBIN HIMHHICIS, SKUM
3a0e3nedye HEOOXIIHY MIBHJKICTh OOEpTaHHS 1 TOYHICTb PyXy IIMUHJIEIS.
Po3po0iieHHsT €eKTUBHOTO TPHUBOJIY INMUHICIA € aKTyaJbHOK Ta BaXKIHBOIO
3aJa4er0 ISl TOKpAIleHHS SKOCTI Ta TPOAYKTHBHOCTI TPUKOOPAUHATHOTO
¢pesepHoro Bepcrata. Po3poOka mnpuBOAY MIMUHAEHS TPUKOOPAMHATHOTO
¢dpe3epHOoro BepcTaTa Ma€ BENWMKE 3HAYEHHS Ui MIJBHUIIEHHA TOYHOCTI Ta
NPOAYKTUBHOCTI OOpOOKM JeTanei, M0 [03BOJIUTh 3HU3UTH BHUTpPATH HAa
BUPOOHUIITBO Ta MIABUIIUTH KOHKYPEHTOCTIPOMOXHICTh MIAMPUEMCTB, OCKUIBKU
caMe BiJ SKOCTI Ta €(DEKTUBHOCTI POOOTH MPUBOY 3aJICKUTHh TOUHICTh Ta SKICTh
00poOku matepiamiB. JIJIsi JOCSITHEHHS MAaKCHMAJBbHOTO PIBHS TOYHOCTI Ta
IPOJYKTUBHOCTI HEOOXIMHO pPO3pOOHMTH TpHBIA IIMUHACTA, SKUA 3a0e3nedye

cTabuUTbHY pOOOTY BepcTaTa 3a 0y/Ib-IKHX YMOB.

OT1xe, po3poOKa MPUBOAY IITTUHIEIS TPUKOOPAMHATHOTO (PPE3EPHOTO BEPCTATY
€ aKTyaJIbHOI0 Ta BAXKIMBOIO MPOOJIEMOIO ISl TABUIICHHS MPOIYKTUBHOCTI Ta

TOYHOCTI OOPOOKH JIeTanei.

Kgamidikamiitna po0GoTta OakamaBpa CKIAQJAEThCS 3 BCTYILY, TECOPETUYHOT
YaCTHHH, JI€¢ PO3TJISTHYTI OCHOBHI TPUHIMIKA POOOTH TPHUBOIIB IITHHICIIB
TPUKOOPAMHATHUX (Ppe3epHUX BEPCTATIB, PO3ALTY, MPUCBIYCHOTO JJIsI OOUNCICHHS
XapaKTEPUCTUK TOJOBHOTO EJEKTPONPUBOAY Ta miaAdlp MHOro eJeMEeHTIB,
pe3yabTaTIB JOCHIJKEHHSI Ta iX aHajli3y, BUCHOBKIB Ta CIHCKY BUKOPUCTAHHX

TDKEpEl.



Meroro kBaniikamiiiHoi poOoTH OakanaBpa € po3poOJeHHS e(HEKTUBHOIO
OPUBOY IUNUHAENHS JUIsl TPUKOOPAMHATHOIO (pe3epHOro BepcTaTa, SKHi
3abe3reuye BUCOKY TOUHICTh Ta MPOAYKTUBHICTH 00pOOKH AeTaneil. Y po6oTi Oyne
MPOBEJICHO aHajl3 ICHYIOYMX BHUAIB (¢pe3epHUX BepcrariB, Ta cdepa ix
3aCTOCYBaHHS, OOUHUCIEHHS XapaKTEPUCTUK FOJIOBHOTO €EKTPONPUBOY Ta MIAOIp
HOro eneMeHTiB, BUOIp JIBUT'yHA TOJIOBHOIO MPHUBOAY Ta CUCTEMHU KEpYBaHHS,
OOYHMCIIEHHS Ta MPOEKTYBaHHS NPUPOJHUX MEXaHIYHMX Ta eJIEKTPOMEXaHIYHHX
napaMeTpiB  MOTOpPa, PO3PAXYHOK MEXaHIYHMX Ta  E€JIeKTPOMEXaHIYHUX

XAPaAKTCPUCTUK CUCTCMU.

PesynbraTom kBamidikamiifHoi podoTu OakanaBpa Oyae po3poOJeHHS MTPUBOILY
IMIMAHACTS JUII  TPUKOOPJMHATHOTO (pe3epHOTrO BepcTaTra, OIliHKAa HOro

€(eKTUBHOCTI Ta TOYHOCTI OOPOOKH jeTasnen.



PO311JI 1 AHAJIITUYHA YACTHUHA

1.1 Buau ¢pe3epHuUx BepcTaTiB

®dpesepHuii BepcTaT — METaao00poOHUI BepcTaT, MpUu3HAYECHUM 111 00pOOKHU
dpe3oro mIockux 1 GacoOHHUX TMOBEPXOHb, TIT OOEpPTaHHS, 3y04acCTHUX KOJIIC Ta
IHITUX 3aroToBOK. Jlerans, 3akpimjieHa Ha CTOJ1, POOUTH MOCTYMAJBHHUN pPyX
(KpuBOIIHIMHUI 200 MPAMOJIHINHUN), TPU 1ILOMY (dpe3a poOuTh 00EPTOBUH PYX.
KepyBaHHs MeTajopi3aIbHUM BEPCTATOM 3JIHCHIOETHCS BPYYHY, MEXaHI4HO a0o

aBTOMAaTHYHO 3a goromoror cucremu YIIK.

Icuye Oarato pi3HUX BUIIB (Ppe3epHUX BEPCTATIB, ajlé OCHOBHI MOXKHA

KJIacu(iKyBaTH 3a HACTYTHUMH KPUTEPIIMHU:

1. Tun oOpoOKU: BEpTUKATBLHUM, TOPU3OHTAILHUM, YHIBEPCATBHUN (7103BOJISIE
0o0poOJIsITH neTani B 000X HampsIMKax) Ta Creliaigi3oBaHi (Hampukiazi, ¢pe3epHi

BEPCTaTHU Il BUPOOHUIITBA 3yOHUX KOJIIC).

2. Tun KpimwieHHS I1HCTPYMEHTY: pydHe (IS OJMHOYHHUX OIepallii),
aBTOMaTH4YHE (JI711 MacoBoro BUpoOHMIITBa), a60 uncioBe kepyBanHsa (CNC), ne

PYXH IHCTPYMEHTY MPOTPAMYIOThCS Ha KOMITHOTEPI.

3. Po3mip po6ou4oi moBepxHi: CTUT MOXKe OyTH cTamioHapHUM ab0 00epTaeThCH,

a TaKO’X MaTH Pi3H1 po3MipHu Ta KOHGIryparii.

4. To4HICTB: BUCOKOIPEIN3iiHI BEpCcTaTh 3a0€3MeUyI0Th AyKe TOUHY 00pOOKY
3 BHCOKOIO TTOBTOPIOBAHICTIO, @ TAKOK MOXKYTh BKJIIOUATH OIIlii aBTOMATUYHOTO

KOHTPOJTIO Ta KOPEKITii.
Hesiki npukiaau Gppe3epHUX BEpCTaTIB 3a IIUMHU KPUTEPISIMU:

Beprukanbhuii ppesepHuit BepcTat: IHCTPYMEHT BEPTUKAIBHO 3aKPIIUIIOETHCS

Ta PyXaeTbCsl B3JIOBXK OC1 Z, a IeTajlb PO3MILLYETHCS HA TOPU3OHTATIBHOMY CTOJII.



l'opuzonTanbHuil  Qpe3epHUil  BepcTaT:  IHCTPYMEHT  3aKPIILTIOETHCS
TOPU30HTAIBHO Ta pYyXae€Tbcsd B3AOBX oOcl X, a JeTanb pO3MIIIYEThCA Ha

BEPTUKAILHOMY CTOJII.

YucnoBuit ppesepHuil BepctaT: Mae cucteMy yrciioBoro kepysants (CNC), o
JI03BOJISIE MPOrpamMyBaTH TOYHI PyXH IHCTPYMEHTY Ta OTPUMYBAaTH MOBTOPIOBAHI

pE3yJIbTATH.

1.2 3acTocyBaHHs BepTHKAJIBHUX Qpe3epHUX BepCTATIB IepeBaru Ta

HEeTOJIKHA

BeprukanbHuii Gppe3epHuil BepcTaT - e TN (Pe3epHOro BepcTaTta, B SIKOMY
IHCTpYMEHT [Jsi (pe3epyBaHHS 3HAXOAUTHCS B BEPTHUKAIBHOMY IIOJIOKEHHI.
BeprukanbHuii ¢ppe3epHuil BepcTaT MOKe MaTH CTLI, SKUN PYyXa€THCS B3IOBXK TPHOX
oceit, To6To X, Y Ta Z, 1mo A03BoJjisie 00poOISITH pi3HOMAHITHI JAeTalll 3 BUCOKOIO
TOYHICTIO. Y  BepTUKWIBHOMY (pe3epHOMY BepcTaTi, IHCTPYMEHT s
dbpesepyBaHHS PO3MIIIYETHCS Ha IIMTAH/ICII, IKHUH MOXe OyTH 00epTOBaHUI Ha Pi3HI
KyTH I 3a0€3MedeHHs HEOOXITHOrO KyTa HaxXWIy IHCTPYMEHTY I pi3aHHS.
[HCTpYMEHT 111 pe3epyBaHHs 3a3BUYall 3'€JHAHUNA 3 E€JICKTPOABUTYHOM Uepe3
pemiHHy niepenady abo 6e3mocepeHbO 3 TOJIOBHUM BajioM. BepTukanbHi (hpesepHi
BEPCTaTH MOXYTh BHUKOPHCTOBYBATHCH [IJIi PI3HUX 3aBJaHb, TaKUX SK
dpe3epyBaHHs OTBOpPIB, MPOQUIIB, PO3TANIYBAaHHS MMa3iB, MJIOCKICTh MOBEPXHI Ta
00poOKHM KiHIIIB JieTajeil. BoHM MHUPOKO BUKOPUCTOBYIOTHCS B MPOMHUCIIOBOCTI JJIS
BUPOOHHUIITBA JAeTalield Ta BUPOOIB 3 PI3HUX MarepiaiiB, BKIIOYAIOYH METaJH,

IUIACTHK Ta ACPCBO.

Beprukanbni ¢pesepHi BepcTaTd MOXYTh OyTH oOnagHaHI Pi3HOMaHITHUMH
aKcecyapam#, TaKUMHU SK KYTOBI TOJIOBKH, PO3IIUPIOBAdi, MPUCTOCYBAHHS IS
00poOKH KyTiB, IPUCTpOi Juisi (pe3epyBaHHS BUIYKIUX I[OBEPXOHb, LU(PPOBI

BimoOpaxkeHHs1 Ta iHml. L1 akcecyapu MOXyTh 30UIBIIUTH (PYHKIIIOHATBHICTh Ta
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e(eKTHBHICTh BepcTaTy. BepTukaiibHi (ppe3epH1 BepCTaTH MOXKYTh OYyTH 3 PyUYHUM
KEpyBaHHSIM, ajieé BCE YacTillleé BOHU OOJAHYIOTbCS KOMIT'FOTEPHUM KEpyBaHHAM
(CNC), mo a03BoIsi€E aBTOMAaTU3yBATU MPOIECH OOPOOKH Ta MiIBUIIUTH TOYHICTh

Ta IPOAYKTUBHICTb.
OcHOBHI IepeBarv BepTUKaIbHUX (PpE3epHUX BEPCTATIB TaKi:

1. Binbin BUCOKa TOYHICTH 1 IKicTh 00poOKkH: BepTukanbHi dhpe3epHi BepcTatu
3a0e3MneuyoTh OUTbII BHCOKY TOYHICTh 1 SKICTh OOpPOOKH, OCKUIBKM BOHH
J03BOJISIIOTH PO3TAIIOBYBATH AeTalll OUTbII CTIMKO 1 3a0€3MeuyIoTh JIETKUI JOCTYII

710 MICITb 0OPOOKH.

2. bimbm mupokuil giamazoH poOouux omepauiid: BeptukanbHi (dpesepHi
BEPCTATH MOXKYTh BUKOHYBATH HIMPIIUH Jlana30H poOOUYMX ornepalii, BKIIOYa0YH
dbpesepyBaHHs, CBEpIUTIHHS, PO3BEpPTaHHs, Hapi3aHHs pPi3bOW, BUPIBHIOBAHHA 1

pizaHHs MpodUTFOBAHHS.

3. MoxJIMBICTh OOpOOKM BEIMKUX JIeTalIei: BEpTUKAIbHI (hpe3epHi BEepCTaTH
TaKOXK MOXYTh OOpOOJIATH BEJIMKI JETail, X04a, MOPIBHSIHO 3 TOPU30HTAILHUMH

BepCTaTaMM, MOXKYTh MaTH OOMEKECHHS Ha PO3MIp JeTajci.

4. EdextuBHa BUTpaTa eHeprii: BeprukanbHi ¢pe3epHi BepcTaTh € OUIBII
e()eKTUBHUMHU B CIIO)KMBaHHI1 €HEPrii, OCKUIbKH IMPU Tpaii BOHU CIOKUBAIOTH

MEHIIIE €HEPrii, HI’K TOPU30HTANIbHI (Ppe3epHi BEpCTaTH.

5. binbin Bucoka MpoayKTHBHICTh: BepTukanbHi (hpe3epHi BepcTaTH 3a3BHUaAl
MaroTh OLIBII BHCOKY MPOJYKTUBHICTh, OCKUIBKM BOHH 37aTHI BUKOHYBAaTH O1TBIII

IIUPOKHIA J[iarta30H poOOYMX Omeparrii i 00poOIsITH OUTBIII TeTali.

Ili mepeBarm 3a3Bu4aili poONSATH BEpPTUKAIBbHI (Ppe3epHi BepcTaTh OiIBII
MOMYJISIPHUMH cepeji BUPOOHHUKIB Ta BUKOPUCTOBYBAYIB, SIKI IIYKAIOTh HAWOLIBII

e(heKTUBHI Ta AKICHI METOAU 0OPOOKH JIeTaJICH.
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He3Baxatroun Ha Oarato mepeBar BEpTHKaJbHUX (DpE3epHUX BEPCTATIB, BOHU

MaroTh KiJIbKa HEJIOJIIKIB, CEpEl AKUX MOKHA BUAUIUTHA HACTYIIHI:

1. O6mexena pobOouya 30HA: OUIBLIICTh BEPTUKAIBHUX (PpE3EepHUX BEPCTATIB
MalTh OOMEXEHY poOouy 30HY, IIO MOXE OOMEXYBAaTH MOXKJIMBOCTI 00pOOKU

BEJIMKUX JIeTaJIEH.

2. OOMexeHHS BIJHOCHO THIIIB OOpOOJIIOBaHUX MaTepiajiB: BEPTHKAIbHI
dbpe3epHi BepcTaT MOXKYTh MaTh OOMEXKEHHsI BIJHOCHO THIIIB MartepialiB, sKi
MO>KHa 00pOOJIATH, OCKUIBKM HE BC1 MaTepiajud MOXKYTbh OyTH 00p00JIeH1 3 BUCOKOIO

AKICTIO 1 0€3 PU3UKY NICYBaHHS IHCTPYMEHTY.

3. TlotpebyroTe BucCOKOi KBami(ikalii omeparopa: BEepTUKaJIbHI (pe3epHi
BEpPCTaTH 3 KOMII'IOTEPHUM KEpYyBaHHSM BHMAaraiTh BHUCOKO1 KBasiikallii

oricparopa Ajrd HAJICKHOTO IIPOTrpaMyBAHHA Ta e(i)CKTI/IBHOFO BHUKOPHUCTAHH.

4. BapricTh: BepTUKaIbHI (Ppe3epHi BepCcTaTH MOXKYTh OYTH JIOCUTh IOPOTHUMH,

30Kpema, SIKIIO MOTPiIOHO MpUa0aTH JOAATKOBI aKkcecyapH Ta 00Ja HAHHS.

5. TloTpeOyroTh MOJATKOBOTO MPOCTOPY: BEPTHKAIbHI (hpe3epHi BepcTaTu
MOYTh TTOTpeOyBaTH 3HAYHOTO MPOCTOPY JJISl iX BCTAHOBJICHHS Ta €(PEKTUBHOTO
BUKOPUCTAHHS, 110 MOXKE OyTH MPOOJIEMATUYHHUM JJisi HEBETUKUX MPOMHUCIOBUX

HiAITPUEMCTB 200 MaiCTEpEHb.

VY3arami, npu BUOOP1 BEPTHKATHLHOTO (Ppe3epHOro BepcTaTa BaXKJIMBO 3BAXKATU
Ha WOTO TepeBaru Ta HeJOIIKY, a TAKOXK Ha crenudiky moTped BUpOOHUIITBA, 1100

3a0€3MeUnTH HaAOUIBIIT ONTUMAIBHUHN BHOIP.
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Pucynok 1.1 — Beprukansauit ¢hpesepunii Bepcart (1. Topuea dpesa 2.
nuanens 3. N'onoska mnuaaens 4. Komonka 5. Ctin 6. Cimio 7. Komiao 8.
OcHoga 9. [lepemuxay mmuHAensA 10. Baxins nepeMukaHHs MIBUIKOCTI
mmuHAesa 11. Baxins kepyBaHHS MIBUAKICTIO mnuHaeNs 12. MacasHuii 6ak 13.
Pyune xoneco ctony 14. ®@ikcatop croiy 15. Pydka aBTOMaTH4HOTO MEpeMIIeHHS
cimra 16. Jluck kepyBaHHSI aBTOMAaTHIHUM TIepeMillieHHsIM ciia 17. Pydane komieco

cigna 18. Komirne pyune koneco 19. KHomka mBHAKOTO T0CTYITY)

1.3 3acTocyBaHHsl TOPU30HTAIBHUX (Ppe3epHUX BEPCTATIB NepeBaru Ta

HeIO0JiKH

lopuzonTtanpHuii  (pe3epHmii  BepcTtaT - 1€ TUO  BEpCTary, IO
BUKOPUCTOBYETHCS IS OOpOOKM MeETalliB, JACPEBUHH Ta IHIIUX MaTepiatiB.
I'opu3oHTaNBHI  (Qpe3epHi BEepCTaTH BUKOPHCTOBYIOTHCS IS  BUTOTOBJICHHS
CKIAJHUX JeTaliel, B SKUX HEoOXimHi TouHI ¢opMu Ta po3Mipu. BoHM MaroTh

TOPU3OHTANIBHY pOOOUYY MOBEPXHIO, HA SIKIA PO3MILLYIOTHCS JeTall Ajisi OOpOOKH.
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I'opuzoHTaNbHI (hpe3epHI BEPCTATU 3aCTOCOBYIOTHCS B PI3HOMAHITHUX Tally3sX
BUPOOHHUIITBA, TAKUX SIK aBTOMOOUIbHA MPOMHUCIIOBICTD, aBialliiiHa TPOMHUCIOBICTS,
MaIMHOOYIYyBaHHS, CyTHOOY/lyBaHHS, BUTOTOBJICHHS 3aJI3HUYHOTO 00JIaIHAHHS,
MeTalypriifHa MPOMUCIOBICTh Ta 1HIII. 3a JIOMTOMOTOI0 TOPU30HTAILHUX BEPCTATIB
MOXHa 00pOoOJIATH JeTaji pi3HUX (popM Ta po3MipiB 3 METATIB, IJIACTMAC, AEPEBUHU
Ta IHIIUX MaTepiaiiB. BoHM BUKOPUCTOBYIOTHCS [ BUTOTOBJIEHHS PI3HOMAHITHUX
JeTanel, Takux K KyJICHI MEeXaHI3MH, IIeCTepHI, 3yOuacTi Kojeca, MIMUHACIbHI

KOPITYCH, BaJii, KOPITYCH PEIYKTOPIB Ta 1HIII.

Tako, TOPU30HTAIbHI BEPCTATH MOXKYTh OyTH BUKOPUCTaH1 JJii BUKOHAHHS
PI3HOMaHITHUX ONeEpalliii, TakuxX SK CBEp/JIIHHSA, (Qpe3epyBaHHs, pi3aHHS,
nutiQyBaHHs Ta 1HII, [0 POOUTH iX AyXe YHIBEpPCATIbHUMH BHUPOOHUYUMHU

THCTPYMEHTaMHU.

OnHi€l0 3 TOJOBHUX TiepeBar TOPU3OHTAIBLHUX (PE3EpPHUX BEPCTATIB € ix
BIJTHOCHA TMPOCTOTA Yy BHUKOPUCTAHHI Ta 0OCIyroByBaHHI. TakoX, TOPHU3OHTAIIbHI
BEpPCTAaTU MOXYTh OyTH OUIbIN €dEeKTUBHUMH JIsi 0OpOOKU neranedl 3 BEIUKOIO
IMIUPUHOIO Ta MAJIOK0 TTUOWHOIO, TOMI SIK BEPTHKAIIbHI BEPCTATH Kpalle MigX0IsTh
JUIE OOpOOKH JeTalie 3 BEIMKOI TIMOMHOI Ta MaJIo MHpUHOI0. J[o 1HIMX
nepeBar ropu30HTATBLHUX BEPCTATIB MOYKHA BITHECTH iX BIIIHOCHY CTIMKICTBH 0
BiOpaIlii Ta OUTBIIT BUCOKY TOYHICTh OOPOOKH MPU BEJIMKUX 3aBAaHTAKCHHAX. TaKoK,
y IeSKUX BUTAKaX TOPU30HTAIbHI BEPCTATH MOXKYTh OyTH O11bIII EKOHOMIYHUMU B
eKCIUTyaTailii, 0COOJIMBO SKIIO BOHH BUKOPHUCTOBYIOTHCS JUIsi OOpOOKM naeramneit

MacoOBOTO BUPOOHUIITBA.
Henoniku ropu3oHTaIbHEX (PPE3EpPHUX BEPCTATIB:

1. CxnagnicTs HanamrtyBaHHs: HamamTyBaHHS TOpU3OHTaIbHUX (Dpe3epHUX
BEpCTaTiB MOXKe OyTH CKIIATHUM TIPOIECOM, OCOOIMBO IS CKIAAHUX JIeTajei 31

CKJIaITHUMH (hOpPMaMH.
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2. Bucoka BaprticTh: ['opu3oHTanbHi (¢pe3epHi BepcTaTH MOXYTh OyTH
JOPO’KYMMU B MOPIBHSAHHI 3 BEPTUKAIbHUMH (PpE3EpHUMH BEpCTaTaMH, 110 MOXKE

OyTu pobiemMoro st 613HeCiB 3 00MEKEHUM OFOJIKETOM.

3. 'opu3oHTa/IbHI BEpCTaTH MalOTh MEHILY YHIBEPCAJIbHICTh B MOPIBHSHHI 3

BEPTUKAJIBHUMH, TaK K HE MIAXOASTH AJis 6aratbox BUI1B OOPOOKH.

4. Bucoki BUTpaTu Ha 00CIyroByBaHHs. [ OpU30HTANbHUN BEpCTAT MOXe OyTH
CKJIAJHUM Yy TEXHIYHOMY OOCIYrOBYBaHHI Ta PEMOHTI uYepe3 OUIbLI CKIAAHY

KOHCTPYKIIIIO 1 OUIBITY KUTBKICTb JeTajeH, 10 NoTpeOyoTh 3aMiHu.

Bubip Mix BepTUKAIBHUM 1 TOPU30HTAIILHUM (DpE3EpHUM BEPCTATOM 3aJICKUTD
BiJl KOHKPETHOI 3a/1a4l, IKY NOTp1OHO BUpIUTH. KOXKEH 3 IUX THUITIB BEPCTATIB Ma€
CBOI mepeBard 1 HEJOJIKH, ajie B3araji oOWJBa BOHU € YHIBEpCaTIbHUMH
BUPOOHWYUMHU ITHCTPYMEHTAMHU 1 MOXXYTh BHKOHYBaTh Oarato omnepariii 3
pPI3HOMAHITHUMU MaTepiajamMHu. 30KpeMa, TOPHM30HTalbHI BEpPCTaTH 3a3BUYAN
BUKOPUCTOBYIOThCSL [UIsl (ppe3epyBaHHS IUIOCKUX IOBEPXOHb Ta BUTOTOBJIEHHS
AeTajneil 3 BeIMKOI JOBXKHUHOIO a00 MMpUHOI. BOHM TakoX MOKYyTh BUKOHYBAaTH
omepariii 3 mpenu3iiHoi 00poOKH, TaKi K TpaBitoBaHHsA 1 nLTiQyBaHHSA. BepTukaipHi
BEPCTaTH, 3 IHILIOTO OOKY, 3a3BUYall BAKOPHUCTOBYIOThCS /1JIs1 BATOTOBJICHHS AeTajeil
31 ckiagHuMHU (GopMamu, OOpOOKHM OTBOPIB Ta TIJIMOOKHX Ia3iB, a TAKOX IS

CBepUTiHHSA, (ppe3epyBaHHs, pI3aHHS Ta IHIINUX OMEpaIlii.

OT1xe, 00MIBa TUTTH BEPCTATIB MOXKYTh OYTH YHIBEpCATHLHUMHU B 3aJICKHOCTI Bijl

KOHKPETHHUX MOTPeO 1 3aBJjaHb BUPOOHUIITBA.
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Pucynok 1.2 — T'opuzonTtansuuii gppesepuuii Bepcrar(l — dpyHmameHTHa
IJINTa, 2 — CTaHWHA, 3 — KOHCOJIb, 4 — cajla3ku, 5 — cTi1, 6 — x000T, 7 —

orpaBka 3 (pe3oro)

1.4 3acTocyBaHHS1 YHCJIOBHMX Ta YHiBepcaJbHUX (ppe3epHUX BEPCTATIB

nepeBaru Ta HeJXO0JIKH

VYHiBepcanbHUl (Ppe3epHHil BepcTaT BIIPIZHIETHCS PAIOM KOHCTPYKTHBHUX
0COONMBOCTEW: BY30J INMUHACHS, KOpOOKa, a TakoX OCHOBHI BY3JIH
pPO3TAIIOBYIOThCSI Y BHYTPIIIHIM YacTWHI CTaHWHUA. B KOHCTpyKIlii Bepcrarta
nependayeHi BEPTUKAIBbHI 1 TOPU3OHTAIBbHI HAMPSIMHI, 1O SKHUX IEPECyBAIOTHCA
HOTo KOHCOMIb 1 pobounii cTi. PoO0o4y moBepxHIO, KpiM IIbOTO, MOKHA BUCTABUTH
110 BIHOMIESHHIO JO IIMHHACIS 00JaHAHHS i MOTPIOHUM KYTOM, IO JIO3BOJISIE
o0poOnsiTH 3 WOr0 JOMOMOTOI0 JIeTajl 3 METaly, IO BOJOMIIOTh HaBITh

HaWCKIaAHIIIOT KOHpIrypali€ero.

Take nocuTh KOMHAKTHE OOJAaJHAHHS, BCTAHOBJIEHE OyIMHKY, B MallCTEpHSX
HaBYAJIbHUX 3aKJIaJlax 1 B HEBEJIMKUX BUPOOHHUYMX L€XaX, J03BOJISI€E BUKOHYBATH

pi3HI TEXHOJIOTIUHI oOmepaiii: Hapi3aTH pi3bOJICHHSA, CBEPIJIUTA OTBOPH,
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BUKOHYBaTH OOpOOKY BCUISIKMX JE€Tajlied 1 mMaTepiaiiB pi3HUMH BUAaMH (pe3 Ta

IHIIIE.

OO0pobOka 3aroToBOK Ha (pe3epHUX BepcTaTax TaKOro THUILY BIAPI3HAETHCA
HEIMOTaHOK0 TOYHICTIO, TaK SK iX KOHCTPYKISI Ma€ BUHATKOBY >KOPCTKICTIO
(3p0o3yMisio, IpH TPaMOTHIN yCTaHOBII1). Bipi3HAIOTECSA Takl KOHCOJIbHO-(pe3epHi
BEpPCTATHU 1 BUCOKOIO MPOAYKTUBHICTIO, IO Ja€ MOXKJIMBICTh BUKOPHUCTOBYBATH iX
JUIsl BUPOOHMIITBA BUPOOIB cepiiHMMU mapTiiMu. He3Bakaroum Ha CBOIO BHUCOKY
OPOJAYKTUBHICTh 1 IUPOKY (YHKIIOHAJIBHICTh, TaKl BEPCTAaTU BIAPI3HAE HU3bKE
€HEProCrOKMBAHHS 1 KOMIAKTHI PO3MipH, IO JAO03BOJILE 3PYYHO PO3MIILYBATH 1X

HaBITh HA HEBEJIMKIN ITUIOIILI.

Yucnoé mnporpamue kepyBanus (UIIK) — xomn'torepruzoBaHa cucrema
KepyBaHHs, sKa 3YATYE€ KOMaHJHI 1HCTPYKIi  CIeIiajJi30BaHOi  MOBHU
nporpamyBanHs (Hampukiaa, G-Kom) 1 Kepye IpUBOJaMH MeETajo-, JEpeBO- 4

HHaCTMaCOO6p06HI/IX BCpCTaTiB Ta BECPCTATHHUM OCHAIICHHAM.

YucnoBe KepyBaHHS — aBTOMATHYHE KEPYBaHHS MPOIECOM, IO 3TIHCHIOETHCS
IPUCTPOEM, SIKUM BUKOPHUCTOBYE YHUCIIOBI JIaHI KOTPI1, K MPABUIIO, YBOIATHCS ITiJT

Jac BUKOHAHHS Omepaitii.

Cyuacuimi cucremu YIIK, mo marote Hazpy CNC IpyHTYIOTBCS Ha CHCTEMI

KepyBaHHs T0OY/I0BaHii Ha:

- MikpokoHTpomnepi
- IIporpamoBanoMy JOTIYHOMY KOHTPOJIEP1
- [IpomwucioBomMy KOMIT IOTEP1 HA OCHOBI MIKpOIIpoIiecopa
Takoro pomy mnpucTpoi aKTHBHO BHUKOPHUCTOBYIOTHCA Yy BCUIAKHX cdepax
MIPOMHCIIOBOCTI HA MacOBOMY BHPOOHHIITBI BUCOKOSIKICHUX AeTaneld. Bepcratu 3
UYIIK BUCOKOMpPOAYKTUBHI 1 3/MaTHI 3a0e€3MEeUnTH HETNEepeBepIIeHy SKICTh HE B
€MHOMY €K3eMIUIIpl, a Ha IMOTOIll, 10 pOoOUTh iX HE3aMIHHUM OOJIalHAHHSAM Ha

Oyb-IKOMY CEpHO3HOMY BUPOOHHUIITBI.
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Bepcratu 3 UIIK, siki 0OpoOisitoTh nAeTani 3 pIi3HUX METaldiB 3 BUCOKOIO
MPOIYKTUBHICTIO 1 TOYHICTIO, MaIOTh OJJMH BEJTUKHUI HEJIOMIK: TPUCTOWHY BapTICTh,

ajie Moro MOBHICTIO KOMIIEHCYIOTh TaKl MO3UTUBHI (PaKTOpHU:
1. 3umxeHHs noTpedu B KBali(ikoBaHUX (axiBUAX HA BUPOOHULITBI,
2. Bucoka npoAyKTUBHICTb II0JI0 BEPCTATIB 3 PYYHUM KEPyBaHHSIM;
3. 3HMKEHHSI TEPMIHY BUPOOHUYMX LIUKIIIB;

4. TIpuckopeHHs nepexoay Ha BUPOOHUIITBO HOBOT IPOIYKIIIT.

Emsiock

——

ERFESTER

Pucynok 1.3 — TokapHo-dpe3epuuii 06pooHumii mertp 3 UIIK

BucnoBok: B xo1i epmroro po3airy 0yio mpoBeASHO aHaI3 ICHYIOUNX BUIIB
(dbpe3epHUX BepCTaTiB, MEPETIK IEPEeBar Ta HEJOJIKIB KOXKHOTO 3 BUIB, cepa

3acTocyBaHHS (hpe3epHUX BepcTariB. byno po3rasHyTo cydacHi Beperatu 3 UIIK.
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PO3/ILJ1 2 BUBIP JIBUT'YHA 'OJIOBHOI'O IIPUBOJY TA IIJIBIP
MO0 EJIEMEHTIB

2.1 Po3paxyHOK NOTYKHOCTI i BUOIp IBUI'YyHA

[TouaTkoBi maHi:
- Meka noaau crony: 0 — 14000 MM /xB

- IIBUJAKICTH MIBHJIKOro mepemimeHHs croiny 1o ocl X! Vymaxsx =

= 14000 mM/xB
-cuiia pisanns: F, = 166 H

- MakKCuMaJIbHa Maca O6p06JII-OB21HOI I[CTaJIi 1 MMPpUCTOCYBAHb BCTAHOBJIIOIOTHCA

Ha CTOJI BepcTaTa: m, = 150 kr
- Maca BUKOHaBYOro MeXaHi3my: my = 70 Kr
- cuiia monepeanbporo Hatiary: Fy = 100 H
- KpOK TBUHTA:. S, = 5 MM
- e(eKTUBHA TIOTYKHICTh pi3anHs Peg = 1,8 KBT

Hanuit ppesepHuii BepcTaT MICTUTh ABUTYH T'OJIOBHOTO MPUBOAY Ta 3 OJJUHAKOBI

OCBHOBI JIBUTYHH I10 OJTHOMY JIJIsl KO>KHO1T KoopauHat (X Y Z)

Po3paxyHOK MOTYKHOCTI IBUTYHA TOJIOBHOTO MPUBO/LY 3ICHIMO 32 (JOPMYIIOIO:

P
PHOM ==t (21)
N

ne ng — KKJI ronoBroro npuBosy 1 mpuiimaetses 0,70 - 0,85

18
P = _257_-212kB
HoM = 070 — 0,85 BT
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3a P, monepenuso Bubupaemo asuryn GDK 110-9-18Z. Moro mapameprn:
Piow = 2,2 KBT;
Wyon = 157 ¢ ™15 (Mo = 1500 06/XB; g, = 3000 06/xB)
Mpont = Moz = Myoy = 10 H -
J; = 0,022 kr - M*

Po3paxyHOK MOTY>KHOCTI OCbOBOTO JABUT'YHA 3/11ICHUMO BIATOBIIHO METOAUKOIO

BUKJIa/ICHOT B [4]:
Buznaunmo 3ycwiuisa nmogadi mo oci X:
E, = kyE, + uFyz + Fy (2.2)
ne k, =1+ 1,5 - xoedinienr 3anacy,
1 = 0,1 - koedilieHT TepTH,

Fyz -cyMa mnapalienbHUX CHJI, IO JIII0Th HA HamnpsMHI, BH3HAYAIOThCS 3a

dbopmyoro:

Fyz = (my +my)g (2.3)

ne g= 9,8 m/c? - MPUCKOPEHHS BUTBHOTO M IHHS;

E, =1,25-166 + 0,1(70 + 150) - 9,8 + 100 = 523,1 H

[ToTy>XHicTh, TPUKIIAZEHA 1O BUKOHABUOTO MEXaHI3MY B PEXKHUMI Pi3aHHs:

Pyx = F, Vpo6max (2.4)

ne V

bo6max - MAKCHMAllbHA — MIBHAKICTH — poOo4oi  momavi, Viosmax =

= 14000 mm/xB = 0,23 M/cC

Pyx =523,1-0,23 = 120,31 Bt
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3a Pyy monepeaHso Bubupaemo asuryn SZGH-06060DC. Moro mapamepti:
P,on = 0,6 KBT;
Wyon = 314 ¢ ™15 (Mo = 3000 06/XB; Ny, = 4000 06/xB)
Mpon1 = Mponz = Myow = 1,91 H- M
J;=039-10"*kr - m?
3poOuMO MEepeBIPKy  €JIEKTPOJIBUTYHA MO JOMYCTUMOMY  MaKCHUMaJIbHOMY
MOMEHTY B CTATUYHOMY 1 TMHAMIYHOMY PEKHUMaX.
BianoBigHo 10 KOMyTatiitHO1 KpuBOi 1J1st 1BUTYHIB cepii [153
Mponz = 5,5 * Myon (2.5)
Js1st 06paHOro IBUTyHA MA€EMO

Mons = 551,91 = 10,5H - m

[lepeBipky 3poOMMO B OCHOBHHUX PEXKHUMAX. PEXKHUM CTApTy 3 MICI, PEXKUM

po60Y0i mo1adi, peKUM MIBUJIKOTO X0y TIPH MIABOA1 pOOOYOro opraHy J0 JaeTall.

Buznaunmo mepenaBaibHe UYHMCIO MDK pOOOYMM OpPraHOM BHKOHABYOIO
MEXaHI3My 1 IBUTYHOM:
: 14
10= XmaxdX (26)
Wmax

_ 2 Nypgx __ 214000 -1
Wmax =~ = eg = 419 ¢ (2.7)

Vimaxsx = 14000 mMm/xB = 0,23 M/c

i =923 _£p.oqp0-4
o =75 =5,5-10"" m/pan

Bu3HaunMo MOMEHT Ha Bajly JIBUT'YHA Bl CHUJIM Pi3aHHS:

M, = 2 (2.8)

nen = 0,9 - KKJI nepengayi «rBUHT - TaliKa»
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523,1-5,5- 10"
My = 0.9

=032H'Mm

MoMeHT Ha JBUTYHI BIA CHJI TEpTd CKJIAJA€TbCA 3 MOMEHTIB TepTs
B HaINpSAMJISIFOYMX 1 B1J CHJIM MTONEPEIHBOTIO HATATY.

MOMEHT TepTsl B HANPSAMJIISIOUMX BUZHAYAETHCS BUPA30OM:

My = (mq + my) guip = (70 +150)9,8-0,1-5,5 - 107*=0,12H'Mm (2.9)

I[JBI Hepe;[aqi «TBUHT - ramka» BpaxoByeEMO MOMCHT CHJI TCPTA B BHHTOBIN

napi, 10 BUHUKAE B PE3yJIbTATI MOMEPEAHHOIO HATATY:
MTB::QOBZFhSBg (2.10)
MTB==Q032-100-5-10—3§==QOOS}{-M
CraTUYHAN MOMEHT Ha BTy ABUTYHA JIOPiBHIOE:

a) mpu poOoUii moaayi
M; =M, + Mty + Mg = 0,32+ 0,12 + 0,005 = 0,445 H- M (2.11)

0) Ha MBUIKOMY X0y
M, = Mty + Mg = 0,12 + 0,005 =0,125H- ™ (2.12)

[IpucKOpeHHs Baly [BUTYHA TPU HOPMOBAHOMY HPHUCKOPEHHI MEXaHi3My
A, = 0,25 M/c? cknage:

Eﬂ: Ay Omax — 0,25-419 — 455’4 C_Z (213)

Vxmaxsx 0,23

HaBenenuii MOMEHT iHEpIIli MEXaHI3My BU3HAYAETHCSI BUPA3OM:

V2
Juex = (ml + mz) ’ %m (214)

max

2

)

2353-=e;63-10-5KF-M2

Juex = (70 + 150) -
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HeoOxignuii AuHamMi4YHMII MOMEHT JBUTYHa 3 YypaxyBaHHsaM 3amacy 20%

JIOPIBHIOE
Mo = (L,2); 4 Juex) €x (2.15)
My, = (1,2-0,39-107* +6,63-107°)4554 =5,1-10"2H ™M

Busnaunmo HeOOXiHUA MOMEHT JBUT'YHAa IpPHU MEPEXITHOMY PEXKHUMI IS

A0JaHHSA BUKOHABYOI'O MexaHi3My HCO6XiI[HOFO HpI/ICKopeHHSIZ
Mz =My, +M, =51-10"+0,125=0,176 H- ™M (2.16)
MaeEMoO:
M; =0445H-M < My =1,91H ™
M, =0,125H M < Mg, =1,91H ™ (2.17)
M; =0,176 H-M < M,,;3 =10,5H ™M

Takum ynHOM, OOpaHMii IBUTYH  3aJOBOJIbHSAE YMOBaM  TEPEBIPKH  TIO

JIOTTyCTUMOMY MOMEHTY Yy BCiX pexkumax. [1o0yayeMo HaBaHTaXyBaJbHY Jiarpamy.

2.2 [Io0ynoBa HAaBAHTAXKYBAJIBLHOI AlarpaMu

Bubupaemo mis po3paxyHKy MUK, KOJHM TPOILEC Pi3aHHS IPOXOAUTH IPHU
MaKCHUMAaJIbHIM MIBHJIKOCTI 1 IIOBEPHEHHS CTOJY BiOYBa€ThCS Ha IIBHIAKOMY XOJi,

pY [IbOMY IPUIMAEMO MaKCUMAaJIbHY MoAavy, piBHS AoBXuHI cTory (Puc 2.1)
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Pexxum pizanus

A
®

HIBuakuii xin
Pucynok 2.1

Bu3znauumo ygac PO3rony 1 TraJIbMyYBaHHSA

Uzt mex) Wpos.max
tpos1 = . b (2.18)

M/:u/m

JI€ Wpos.max — MAKCUMAIIbHA IIBUKICTH POOOYOT TOJAY1, Wposmax = 157 ¢!

(0,39 - 10™* + 6,63 - 10_5)314
tpos1 = 51-10-2 =0,65c

_ Ugtmex)Wpos.max
tl"l - Mry+Mr+Mrp (2.19)

ne Mr — ralbMiBHUNA MOMEHT, CTBOPEHHH TaJIbMyBaHHSAM TOCTIHHUM CTPYMOM.
Mr = Myowm i (2.20)
ne iypn — nepenaroude BignommenHs LIBII. [{ns nanoro npurysa igpgp = 1: 5

Mr=191-5=955H"mM

~(0,39-107* + 6,63 - 1075)314

t — 0,0034
r1 012 + 9,55 + 0,005 ¢

Busznaunmo yac pizaHHs:

£ o= —pot (2.21)

1€ Spop - IUISIX TIPOW/ICHUH NIPH PI3aHHI, IKUI BU3HAYAETHCS 32 (POPMYIIOIO
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Spo6 =ler — (S1+52) (2.22)

ne S; 1S, - nuisaX mpoiAeHuM miJg yac MYyCKy 1 TajlbMyBaHHI BiAMOBIAHO,

lcr — noBxuna croiy (0,7m).

Insx nmpoitaeHuit mia yac MycKy 1 raibMyBaHHI BUSHAYUMO 32 (POPMYJIIOIO:

S+ Sy = X (thons + th (2.23)

025 . ,
S1+5; =—— (0,65 +0,0034?) = 0,0528 m = 52,8mm

Spos = ler — 52,8 = 700 — 52,8 = 647,2 MM
t.. = 647,2 = 0,046 xB = 2,76
P2 T Ja000 o OXBT A40C

[Ticna 3akiHYeHHS TpolleCy pi3aHHS CTI TIOBEPTAETHCS 3 OOPOOITIOBAHOL

JIETAJUTIO B BUX1JIHY TOYKY Ha IIBUJIKOMY XO/I1.

Busnauumo ygac PO3rony 1 raJilboMyBaHHA 0c3 HaBaHTa)KCHHS :

JnWmax
tp032 == AM (224)
JIMH

0,39-10"*-419

tposz = 51102 0,32 ¢
_ JnWmax
b2 = N M Mg (2.25)
0,39-107%-419 00017
=0, C

t =
270,12 + 9,55 + 0,005

Insx mpoiiaeHwit mix yac MycKy 1 raabMyBaHH1

S+ Sy = " (thosz + t (2.26)

025 ,
Sy +S; = ——(032° +0,0017%) = 0,0128 m = 12,8um
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[Insax nporIeHn Ha MBUJKOMY XOY:
Sux = ler— 12,8 =700 — 12,8 = 687,2 MM

Bu3znauumo ygac MIBUIKOI'O XOIY.

S,
£, = —ux 2.27
HLX VXmaxé‘X ( )
t. .= 687,2 = 0,049 xB = 2,94
wx = 74000 0 BT 47%C

3a po3paxoBaHUMHU JAHUMU MMOOYYEMO HaBaHTaXXyBajbHY niarpamy (Puc 2.2)

M, Hm
9,675

0,051 tposl | tps tri  tpos2 Tw.x tr2

-

0,051 t, C
0,125

9,675 9

Pucynok 2.2 — HaBanTaxyBanbHa giarpama

Busnaunmo e(ekTUBHUN MOMEHT, MPHUHHSBINM, M0 HACTYIHI ITHKJIH

Y (MZt;
My = /% (2.28)

OynyTh:
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M = (51-1072)2- 0,65 + 0,4452 - 2,76 + 9,6752 - 0,0034 + (5,1 - 1072)2- 0,32 + 0,1252 - 2,94 + 9,6752 - 0,0017 _
e 0,65+ 2,76 + 0,0034 + 0,32 + 2,94 + 0,0017 -

=04H'M
Mgy =04H-M <M =191 H ™M (2.29)

Taxum unHOM, 0OpaHUil IBUTYH 33/I0BOJIFHSIE YMOBAM TEPEBIPKHU.

TexHiuH1 qaH1 ABUTYHa rojoBHoro npusogy GDK110-9-18Z:

1. HominaneHa notyxHIcTh Pyo, = 2,2 KBT

2. Hominaneuuii MOMEHT M,;,,, = 14 H- M

3. HominanbpHa MIBUAKICTB Ny, = 1500 06/xB

4. HominaneHa Hanpyra U, = 380 B

5. Hominanwnuii ctpym I, = 6 A

6.MakcumanbHa MBUIKICTD Ny, = 3000 06/xB

/. Momenr inepuii /, = 0,022 kr - M2

Texniuni gani ockoBoro apuryna SZGH-06060DC:

1. HominanwsHa noTyxHicTts P, = 0,6 KBT

2. Hominaneauit MoMeHT M, = 1,91 H- M

3. HominanpHa MIBUAKICTE Ny, = 3000 06/xB

4. Hominanena Hampyra Uy, = 220 B

5. Hominanwawmit ctpym Iy, = 3,5 A

6.MakcumanbHa MBUIKICTD Ny, = 4000 06/xB

7. Momenr inepuii /; = 0,39 - 10™* kr - M°

Ha pucynky 2.3 300pakeHO 3arajibHHIl BUTJIsI BepcTaTa
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PucyHnok 2.3 3aranbHuil BUTIISLA BEpcTaTa

2.3 ix0ip 4acTOTHOrO MEepeTBOPOBaYa

YactoTHu#l mepeTBoproBad (TaKoXX BIIOMHUN $K IHBEPTOpP YAacCTOTH) - II€
CIEKTPOHHUN TPUCTPIA, SKUK 31mareH 3MiHioBatu mnocTiiHuii ctpym (DC) Ha
smiaHUHN cTpyM (AC) 31 3MIHHOIO 4aCTOTO0. BiH BUKOPHCTOBYETHCS ISl KOHTPOJIIO
IIBUKOCTI 0OEpTaHHS €NEKTPUIHUX JBUTYHIB, 3a0€3M1eUyI0YN TOYHE PEryTIOBaHHS

IIBUJIKOCTI B 00J1aCTi BiJl HYJIS IO MAKCUMAJILHOT'O 3HAYCHHS.

YacToTHI TEpeTBOPIOBAYl MIMPOKO 3aCTOCOBYIOTHCS Yy TPOMHUCIOBOCTI 1

TEXHOJIOT1YHUX TPOIEcax, /Ie MOTPiOHE TOYHE yMPaBIiHHS MBUIKICTIO JBUTYHA.

Bonu 3a0e3neuytorh OuTbIly €(PEKTUBHICTH Ta EHEPro30EpeKEeHHS, OCKUIbKU
IIBUKICTh JBUTYHA MOXE€ OYTH ONTHUMAaJbHO HaJaIITOBaHA [Jii BHUKOHAHHS

MOTPiOHOT poOOTH 3 BpaxyBaHHSM BHMOT €HEProeeKTUBHOCTI.
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OCHOBHUMHM KOMIIOHEHTaAMHU YaCTOTHOTO NEPETBOPIOBAYa € BUIIPAMIIAY,
3BOPOTHHUM 3MiHIOBaY, IMIynbCcHUN Monayistop (PWM-reneparop) ta QuibTpu.
BunpsiMisiy nepeTBOpro€ MOCTIMHHMI CTpyM B 3MIHHMH CTpyM, SKHH NOTIM
MO/IA€THCA Ha 3BOPOTHHUM 3MiHIOBaY. 3BOPOTHUN 3MIHIOBAY MEPETBOPIOE 3MIHHUIMA
CTpYM Ha 0axkaHy 4acTOTY 1 MOJla€ MOro Ha HaBaHTAXXEHHS (€JIEKTPUYHUM ABUTYH).
IMOybCHUN MOJYJSATOP PETYIIIOE YACTOTY 1 CKBAXKHICTh IMITYJIbCIB JIJIs1 KEPyBaHHS

HIBUIKICTIO OOEPTaHHS JBUTYHA.

OpnHa 3 OCHOBHHMX MEpeBar YaCTOTHUX IMEPETBOPIOBAYIB MOJIATAE B TOMY, IIO
BOHM 3a0e3MeuyloTh IJIaBHUM MNYCK 1 3YMUHKY €JNEeKTPUYHUX JBHUTYHIB, IO
JI0TIOMAara€ YHUKHYTH PI3KOTO HABAHTA)KEHHS HA CHCTEMY Ta 30€perTv MexaHiuHi
KOMIOHEHTH. KpiM TOro, BOHU JO3BOJISIIOTH KOHTPOJIFOBATH OOEPTOBUN MOMEHT 1
KepyBaTH HAMPYTOIO Ta YaCTOTOIO KUBIEHHS, 0 Ja€ MOXKJIMBICTh TPUCTOCOBYBATH

poOOTy cuCTEMH 710 3MIHHUX YMOB Ta OTpeEO.

YacToTHi mepeTBOproBadYl MOXYTh MATH Pi3HI XapaKTEPUCTUKH, TakKi SK
MOTY>KHICTh, BXIJTH1 Ta BUX1IH1 HAIIPYTH, KUIbKICTH (ha3, TUIH KepyBaHHS (BEKTOPHE,
CKaJIApHE.), JaojaTkoBi (yHKIII (aBTOMaTUYHE pETYIIOBaHHS, 3aXHCT Bij
NepPEBaHTAXKCHHS, IUCTAHIIITHE KEpyBaHHS TOII0). BuOip BiAMOBIAHOTO 4aCTOTHOTO
NEepPETBOPIOBaYA 3aJICKUTh Bl KOHKPETHMX BHMOT, JOJATKOBMX (YHKIIINA Ta

0COOJIMBOCTEH 3aCTOCYBAHHS.

VY3araipHIOIOYH, YaCTOTHI IEPETBOPIOBaUl € BAKIMBUMHU KOMIIOHCHTaMHU B
CICKTPOTEXHIYHUX CHUCTEMAaX, IO JO03BOJISIOTH 3MIHIOBATH YaCcTOTY Ta IMIBHJKICTH
poOOTH  CIEKTPUYHUX TPHUCTPOIB, 3ade3neuyroun OuTbIly  €(EeKTUBHICTD,

€HEPro30epeKeHHS Ta TOUYHICTh YIIPABIIHHS.

YacToTHMII MepeTBOpIOBaY MOXKHA BHOpaTh 3a TaKUMU OCHOBHUMU

napameTpamu:

- IloryxHicts. IlinOuparoTe OUIbIIY, HIXK MOBHA MOTYXKHICTh JABUTYHA, SIKUN
OyJe 10 HbOTO MiJKII0YeHUH. YacTOTHUH MepeTBOPIOBaY BUOMPAIOTh HAHOIMKUMIA

B OIK 30UIbLICHHS 3 MOJEIBHOTO PSTY.
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[loTyXHICTh YaCTOTHOI'O MEpPETBOPIOBaya IMOBMHHA OyTH OUIbIIE HOMIHAJIBHOI

MOTYXHOCTI IBUryHa Ha 15%.

- Crpym. CTpyM YacTOTHOIO MEpPETBOpIOBaya MOBUHEH OYyTHM pIBHUU abo
OUTBLIMM HIX CTPYM AJi TpU(A3HOTO €JIEKTPOIBUTYHA, CIIOKUBAHUM NPU TOBHOMY

HAaBaAHTAXKECHHI.

- KinbkicTe xuBmiabHUX (a3 1 Hampyra — oxaHodasHi Ta Tpudasni. o
onHo(dazHUM Ha BXiJ migkiItodaeThes Ha 220B, a Ha BUXxoji Mu otpumyemo 3 haszu

3 niH1AHOIO Harpyroto 220B a6o Ha 380.

- Tun ynpaBniHHA — BeKTOpHE 1 ckamsipHe. YacToTHI mepeTBoOproBadi 3i
CKaJSIpHUM KEpYBaHHSM HE 3a0€3Meuyyl0Th TOYHOIO PEryJIOBaHHS B HIMPOKHX
Mexax, MpH AYXKe HU3BKUX a00 TyKe€ BHUCOKHX HACTOTaX MOXYTh 3MIHIOBATHUCS
napaMmeTpu JIBUryHa (majae MOMEHT). [[J1 4acTOTHUKA 3 BEKTOPDHUM KePYBaHHAM

34CTOCOBYIOTbCA JIaHITIOT'a 3BOPOTHOTI'O SB’}IBKy, 3 IX AOIIOMOT' 01O HiI[TpI/IMyeTI)C}I

cTabLIbHICTH POOOTH B IIIMPOKOMY Jlialla30Hi YacTOT.

- Jliamazon perymoBanHsA. lleil mapamerp BaXXJIMBHM, KOJHM TOTPIOHO

PEryJIIOBaTH €JIEKTPOIIPHUBO/I B IIUPOKOMY JiaIia3oHi.

3niicHUMO Min0ip YacTOTHOTO TMEpEeTBOpIOBayYa 3a MapamMeTpaMH JIBUTYHA

TOJIOBHOT'O IPUBOJTY.
Po3paxyHOK cTpyMy 4acTOTHOTO TIEPETBOPIOBAaUA 3/IIMCHIOETHCS 32 (HOPMYIIOTO:
Iig 2 Iyon = 6 A (230)

Po3paxyHOK TMOTY)XHOCTI YacCTOTHOTO TI€PETBOPIOBaYa 3MIIMCHIOETHCS 32

dbopmyioro:
P, = 1,15P,,, = 1,15- 2,2 = 2,53 kBTt (2.31)
ne Iy, 1 P, — CTyM 1 MOTY>KHICTh YaCTOTHOTO TMEPETBOPIOBAYA BiMIOBIIHO.

3a maHrMU TapameTpaMu BubapaeMo yactoTHuid meperBoproBad P1150 004G3Z.

Horo rapameTpu nojadi B Tadnaui 2.1



Pucynok 2.4 Yacrorauii nepersoproau P1150 004G3Z.

Tabmums 2.1 — mapamerpu yactoTHoro nepetBoproada P1150 004G3Z.
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[ToTyxHicTh KBT 4
Hominanbpau# cTpym 9
HominanbpHa Hanpyra KUBJICHHS 380B 3¢

Buxinna manpyra

Bix OB 1o Hanpyru >KuBJIEHHS

[lepe3aBaHTa)kyBajabHa 3/1aTHICTD

150% BHpo0BXK 1XBHIMHU

YacrtoTa 1-1,5xI'11
Po6oua Temneparypa -10...+40C
Cryninb 3axucty IP 20
Posmipu 185x72x134Mm
Maca Ixr

Ha pucynky 2.5 HaBeneHa cxema MiAKITIOYEHHS TePETBOPIOBaYa YaCTOTH.
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4
z = z
g = é lanemieHuA peanctop
Bz :
= z =
m 2 = ri_F-
&
L — v —a R P+ RB U .
< 1 - N
L2—g | g | - M ]
M g PI150 )
| | e
;3_=)),_/V\A_°’.J,_ T W
@ Cunosi knemu )
l KﬂemuynpaaﬂMHﬂ
I A
Myck Enepea/CTon %‘% < JF'I v DA1 ! Ananoroswit enxig 0-108/0-20mA
Myck pesepciCTon 'f'c' 01=2) 123 GND JaB0JckEa YCTAHOBES
Binshuit BB 1 02 -‘3,1,/ D13 |/ 4-20ma, F2.07=2
CKMAEHHA NOMWMEN (F1 03‘5%/./ IUM -
F1 .04=1'23,—: ]: DIS
External
keyboard port
_~TA Penednnid Buxin 250VAC/30VDC 54
33B0OACEKA YCTAHOEKS
Ewxin nomunkn F2.02=2
1~5k02
485+ YT Modbus-RTU
P | 485 I—H—“ Maximum velocity
123 |GND C— 115200bps
Built-in
MpumiTEa: -:— erpaH ‘-‘— Kpy4eHa napa

Pucynok 2.5 Cxema mifkItoueHHs epEeTBOPIOBaYa YaCTOTH

2.4 Ilin0ip xabeJiB i eJileMeHTIB 3aXHCTY

PozpaxyHnok 1 min0ip kabeniB 1 eIeMEHTIB 3aXUCTY 3A1MCHIMO 32 METOIUKOIO

BUKJIJICHOT B [5]
Cnovatky 3A1lICHUMO pO3paxyHOK HOMIHAJBHUX CTPYMiB HABaHTAKEHb.

Hust Uyon = 220 B HOMIHANBHMIA CTPYM HaBaHTAXKCHHS PO3PAXOBYETHCS 32

dhopmyioro:

Piom
ljoy = ——— (2.32)

Ugom'COSQ
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Hnst Uyow = 380 B HOMIHAJIBHMI CTPYM HaBaHTaXEHHSI PO3PaXOBYETHCS 3a
dbopmyoro:

l:)]-IOM
uow = T2 (2.33)

1€ COSp — KOoePIieHT NOTYXHOCTIL. [t nanux aBuryHis cosg = 0,9

P03any€MO CTPYM HAaBaHTAKCHHSA AJI ABUT'YHA I'OJIOBHOI'O ITPUBOAY:

2200

Liow = =371A
™ \J3-380:0,9

Po3paxyemo cTpyM HaBaHTa)XE€HHs JJIs1 OCbOBOI'O JIBUT'YHA:

I = 600 =3,03A
HOM ™" 9220:0,9

[Ipu mnpoexTyBaHHI BUOMpPAIOTh NPOBLAHMK 3 3amacoM 25-30% Bix
HOMIHAQJIBHOTO CTpyMy. Lle moB’s13aH0 B mepiiry 4epry 3 MOXJIMBICTIO MOJEpHI3allii
obnmagHaHHs 0e3 MoJepHi3alii eJeKTPONPOBOAKHA, 3OUIBIIEHHIM TEPMIHY

eKCILTyaTallii eeKTPOIPOBOIKH, MOJIETIIEHHSIM BUOOpY 00Ia HAHHS.

I = Loy + 25% (2.34)

p

JI1s1 ABUTYHA TOJIOBHOTO MPUBOJY:

I, =3,71-1,25=4,64A
JI711 0ChOBOTO IBUTYHA:

I, =3,03-1,25=379A

3 tabnwuii 2.2 BUOMpaeMo mepepi3 MPOBITHUKA B 3aJI€KHOCTI BiJl KUTBKOCTI KU

1 coco0y MPOKIaTaHHS.

Maemo Taki yMOBH: Ka0Oellb, 3 MITHUMH >KHJIAMU, TPOKJIAICHUH BIIKPUTO.
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BuOupaemo kabenp HalOUTbII OA>KUKid 10 [, , TOOTO MOBUHHA BUKOHYBATHUCH

yMOBa:

> 1,

(2.35)

ne Ion - JlomycTuMuii TpUBaIuid CTPYM UL IPOBOJIB 13 MIJIHMMH JKHJIAMH 10

Tabaumi 2.2

Tabnuus 2.2 - lomycTUMU TpUBaJIU CTPYM AJIS TPOBOIIB 13 MiTHUMHU >KHIJIAMU

) Crpym?*, A, i npopoAis i kabenis
Hep?pla . ONHOWMHIBHHX ABOWHIbHIX TPHXKUABLHHX
cTPYMOTIPOBIAHOT X IVJIH, -
Mm? [PH NpoiJIafaHH!
Y NOBiTpi Yy noBiTpi y 3emui v nogitpi y 3emai

1,5 23 19 33 19 27
2,5 30 27 44 25 38
4 41 38 55 35 49
6 50 50 70 42 60
10 30 70 105 55 %0
16 100 o0 135 75 115
25 140 115 175 95 150
35 170 140 210 120 180
50 215 175 265 145 225
70 270 215 320 180 275
95 325 260 . 385 220 330
120 385 300 445 260 385
150 440 350 505 305 435
185 510 405 570 350 500
240 605 - - - ~

JI71a ABUTYHA TOJIOBHOTO TIPUBOJLY:

on > 4,64 A
[TpoBigHUK: TPYKUIBHUN MiTHUHI Kabens S = 1,5 MMm?, [ non = 19 A
JI711 0ChOBOTO IBUTYHA:
on > 3,79 A
[TpoBigHUK: ABOKUILHUN MiTHHHN Kabenb S = 1,5 MM, [ non = 19 A
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Po3paxyHOK 3arajibHO1 HOTYHOCTI1 CIIOKMBAYIB Ta BUOIp MPOBITHUKA JJIs

migkiarodeHHs [C 3aificaumo 3a hopmynoro:
PZ = l:’HOM r.n + 3PHOM 0.1 (236)

1€ Pyom r.n — HOMIHAJIBHA MOTYKHICTh IBUTYHA TOJIOBHOT'O IPUBOAY

Pyiom 0., — HOMIHAJIbHA HOTYKHICTH OCBOBOIO JABUTYHA ( HE 3a0yBa€MO, 110

JTAHUN BEpCTAT MICTUTH 3 TAaKUX JIBUTYHA)
Py =2,2+3-0,6 =4 kBt

Busznaunmo Iy,

4000
V3-380-08

7,6 A

HOM

BpaxoByemo 3anac 25%:
I,=76-1,25=95A
[TpoBigHUK: TPYKUIBHUN MiTHHM Kabeas S = 1,5 MM?, [ non = 19A

HomiHabHI CTpyMH aBTOMAaTHYHHX BHMHKAdiB BUOWPAIOTHCSA Tak, MO0 iXHi
3HA4YCHHS OyJM SKHAHOJIMKYE 10 PO3paxyHKOBHUX 3HAUCHb CTPYMY JIAHITIOTIB abo

HOMIHQJIBHUM CTPyMaM €JIEKTPOYCTaTKyBaHHS.

AptoMmaTnuHi BumuKkadi (AB) posnonainsiorees Ha Taki tunm: B, C, D, K, Z.
BuxopucroByemo kiac C — BAKOPUCTOBYETHCS TIPU HEBEIIMKOMY 1HAYKTUBHOMY
HaBaHTKCHHI

st 1 mpoBonku Uy, = 220 B 3actocoByaThcst AB Ty S201-C

st 3¢ mpoBonku Uy, = 380 B 3actocoByaThCcst AB Ty S203-C

HoctynHi HoMmiHanu:6; 8; 10; 13; 16; 20; 25; 32; 40; 50; 63A
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HominansHuii ctpym AB mnoBuHeH OyTH OUIBIIMM — OJMXKYUM [0

PO3PaxXyHKOBOT'O CTPYMY HaBaHTAXXKEHHSI BUOPAHOTO MIPOBITHUKA!
Liowan = Iy < Lon (2.37)

Hst neuryHa rojosHoro npusony I, = 4,64 A, [, = 19 A:

AB: S203-C 6

Hst ockoBoro psuryna I, = 3,79 A, [, = 19 A:

AB: S201-C6

Host 3aranenoi moryxkuocti (IIC) I, = 9,5 A, I, = 19 A

AB: S203-C 10

I13B BuOupaeThcs 3a TAaKUM K€ IPUHIUATIOM 5K 1 AB, ajne moTpibHO BpaxoByBaTH
nudepeHIiabHuN cTpyM, sikuit 3rigHo [1Y € He moBuHeH nepeBunyBatu 30MA.

[13B, ax nmpaBui0, BCTAHOBIIOIOTH JISi TPYNH CIOXKHUBAYiB, TOOTO B CHIJIOBUIA
ot (LIC). Axmo HoMmiHanpHUN cTpyM rpynu crnoxupauiB (ILC) mepeBuiye
HoMiHabHUM cTpyM [13B, To BcranoBmiooTh aekinbka [13B 1 po3auistiore Mix

HUMH HaBaHTaKECHHS.
Joctymai HoMiHanu:16;25; 32; 40; 50; 63; 80; 100A

Tak six crpym HIC1 I, = 9,5 A, To obupaemo 113B HaiiOuibmunid 6mKIui 10

PO3PaxXyHKOBOTO CTPyMy, TOOTO 16A.

I13B: BJI -63 4P/16 (4P — kinbkicTh omtociB pu Hanpy3i 380 B)



2.5 Bubip cxemMu KepyBaHHA

Ha pucynky 2.6 HaBeneHna
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CxXEMa CJIICKTpUYHA IIPUHIHUIIOBA TOJIOBHOI'O

CIIEKTPOTIPUBOTY.
| —— EnexTpoaBuryH
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Pucynok 2.6 Cxema eleKTprU4Ha NPUHIIUIIOBA FOJIOBHOTO €JIEKTPOIPUBOLY

VY cucremax eIeKTpUYHOTO IPUBOY BEPCTATA MOKYTh BUKOPUCTOBYBATHUCS SIK

mudpoBi, TaK 1 aHAJIOTOBI BXOAM JJIA 3a0€3MEUCHHS KEPYBaHHS Ta KOHTPOIIO

napameTpiB poOOTH.

[udposuii BXig mpairoe 3 1BOMa CTaHUMU - "BBIMKHEHO" 1 "BUMKHEHO". BiH

npuiiMae curHany y BUTIsAAI udpoBux curnaiis 0 1 1, abo "Hanpyra BiacytHsa" i

"Hanpyra npucyTHA". 3a3Bu4ail UGPOBI BXOIU BUKOPUCTOBYIOTHCS JJISI MPOCTUX
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KOMaH/l KepyBaHHsI, TAKMX K BBIMKHEHHSI 400 BUMKHEHHSI IPUBOAY, BUOIP pexUMY

po6oTH abo 1HIII TPOCTI KOMaH/IH.

AnanoroBuil BXiJ Mpaiioe 3 Oe3lepepBHUMHU aHAJIOTOBUMHU CHUrHajgamu. Bin
npuiiMae BX1JH1 CUTHAJIM Y BUTJIAIl HAIPYTU a00 CTpyMy, SIKi MOKYTh 3MIHIOBATHUCS
B Jllalla30H1 3HA4Y€Hb. AHAJIOTOBI BXOJM 3a3BUYail BUKOPUCTOBYIOTBHCS IS
3UNTYBaHHS 3HAYEHb pEAJbHUX MapaMmeTpiB, TaKUX SAK MIBUJAKICTb, MOJOXKECHHS,
TeMmreparypa abo iHmi (izuuni BenwunHu. Hampuknaa, aHanoroBui BXia MOXe
BUMIPIOBATH MOJIOKEHHSI pOOOYOT0 OpraHa BepcTara 1 nepeaBaTu 1o iHpopMaIlio

KOHTpOJIEpY AJis 3a0€3M1eUEHHS TOYHOCTI pyXYy.

Ha pucynky 2.7 HaBejgeHa cxema eJeKTpuyHa (yHKIIIOHAJIbHA CHUCTEMU

KEpYBaHHSI BEPCTAaTOM.

39X 380B Analog output
T YrK |...RS-485/ModBus

QF1 QF2

T T [Tw | %
QF3 :QF4 QF5 QF6 ~QF7 e -
[ DRE(I' DRE’I [ DR\JEII HE' KM1 = N 1
‘ = <

\ \ \ - = ~
® ©® @ @ Voo N e
KoHTakTop
MpvBOAKW CTOK WnuHpene Hacoc MpomexyTKoBe OXoNnoaXeHHA
PvBOA Y A OXONOKEHHA Pene

Pucynok 2.7 Cxema enextpuuHa (pyHKI[IOHAIbHA CUCTEMHU KEPYBAaHHS BEPCTATOM

VY naniit cxemi BUKOPUCTOBYIOTHCS ApaiiBepa NBUTyHIB koopauHat X, Y, Z, aKi
BUKOPUCTOBYIOTBCSA JUIsl KEpPYBaHHS pyXy J[ABUTYHIB, SKi BIANOBIIAIOTH 3a
nepemimenHs B31oBxk ocedl X, Y, Z Ha BepcTtari. OCHOBHMM 3aBIaHHSM JipaiiBepa
€ 3a0e3leueHHsT TOYHOTO KEpPYBaHHS IMBHJIKICTIO, HANPSIMOM Ta TOJOKEHHIM
nBUryHa. MH — MOTOp Hacocy CHCTeMHU OXOJOJKeHHs. [IpomexyTkoBe perne

MpU3HAYEHE ISl KepyBaHHs KOHTakTopoM KM 1
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BucnoBok: Y xoai apyroro posnauty Oyjo MpOBEAEHO BHUOIP TOJIOBHOTO 1
OCbOBOI'O JIBUT'YHa. 3a MNPOBEACHUMHU pO3paxyHKamMu Oyio BHOpaHO MABUTYH
rojoBHoro npusogy GDK110-9-18Z, a takox ocwoBuii asuryn SZGH-06060DC.
Byno 3aificHeno BuOip 3a CTPyMOM 1 MOTY>KHICTIO YaCTOTHOI'O NEpPEeTBOpIOBaya. 3a
IMMU HIapaMeTpuMu O0yio BuOpaHo yactoTHHi nepetBoproBay P1150 004G3Z. byno
BHOpaHO MPOBO/Ia TA EJIEMEHTH 3aXUCTy. HaBeeHo eneKTpriHy IPUHIIUIIOBY CXEMY

TOJIOBHOTO MPUBOJY 1 PYHKI[IOHAJIBHY CXeMY KEpYBaHHS BEpPCTATOM.
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PO31JI 3 PO3PAXYHOK TA IOBYJIOBA MEXAHIYHHUX
XAPAKTEPUCTHUK

3.1 Po3paxyHok Ta no0ya0Ba NPHMPOAHOI MEXaHIYHOI XaPAKTEPUCTHKH

JIBUT'YH TOJIOBHOTO IPUBOJTY Ma€ TaKi HOMiHAJIbHI JIaH1:
HowminansHa notyxHicts P, = 2,2 kBT

Howminanbha yactora o6epranus n, = 1500 06/xB
Howminansna Hanpyra cratropa U = 380 B

AxtuBHui omnip $aszu cratopa Ry = 2,9 Om
PeaktupnwMit omip ¢asu cratopa X; = 1,47 Om
PeaktuBnwMit omip ¢asu poropa X, = 0,72 Om
[IpuBenenunit MoMeHT HaBaHTaxxkeHHS M, = 0,8M

Po3paxyHok Ta moOymaoBYy MEXaHIYHHUX XapaKTEPHCTHUK 3IIMCHUMO 3a

METOUKOI0 BUKJIaAeHOI B [6]
Busznaunmo 3aranpHi napameTpu, HEOOXiTH1 TSl TOJATBIINX PO3PAXYHKIB.

- HOMiHaJIbHa KyTOBA IIBHUJKICTH:

_ 2m-1500

©n 60

= 157 1/c

- CHHXpPOHHA KyTOBa H_IBI/I,Z[KiCTI)I

w. =157 1/c y BIAMOBIMHOCTI [0 CTaHAAPTHOI IIKAJIW CHUHXPOHHHUX

MIBUAKOCTEH, sIKa mojaHa B Tadmumi 3.1



Tabmuus 3.1 — CrangapTHUM psil CHHXPOHHUX MBHIKOCTENH Al
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p n. [06/xs] wc [1/c]
1 3000 314

2 1500 157

3 1000 104,7
4 750 78,5
5 600 62,8

- HOMIHAJIbHUM CJICKTpOMaI‘HiTHI/Iﬁ MOMCHT JBUT'YHA!:

_1,05P, _ 1,052200
T w, 157

M,, =1471H ™

- IPUBEJICHUI aKTUBHUI OIIp pOTOpA:
| —
RZ - Rzkr
ne R, — akTUBHUH OIip POTOPAa;

k, - KoedilieHT MPUBEICHHS OMOPiB

R?4X? 2,9241,472
kr = [ =1 = | = 1,91
R, 2,9

3a k, 3naiigemo R,

2 2 2 2
k, = |22 = 191 = /RZ“"” > R, = 0,15 Om
R, R,

R; =0,15-1,91 = 0,29 Om

- PUBEICHUI PEaKTBHUI OMIp pOTOpAa:
X; =Xk, =0,72 - 1,91 = 1,37 Om
- CyMapHUM 1HAYKTUBHUH OMip:

X, =X; +X; =147+ 1,37 = 2,84 Om

(3.1)

(3.2)

(3.3)

(3.4)

(3.5)

(3.6)
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BusHaunMmo mapameTpu Ui po3paxyHKy IPUPOJHOT XapaKTEPUCTUKHU.

3HaANIEeMO KPUTUYHE KOB3aHHS Sy Ta KPUTUUYHUI MOMEHT M, U1l MPUPOHOI
XapaKTEPUCTUKHU

R, 029
Skn Ty T 28
k )

0,1 (3.7)

BpaxoByemo, 1o y dopmyni nias My, Hanpyra ctaTopa nmoBuHHa O0yTH ¢da3HOIo,
T00TO Uy, = 220 B,

3U; 32202

M. = —
KT 2w X,  2:157-2,84

= 162,82 H "M (3.8)

3a cnpoenoro popmynoro Kinocca orpumaemo:

2M,,  2-162,82 325,64
Mi = 3, San 5,01 — 5,01 (39)

T T e
Skn S 0,1 sj 0,1 sj

3amaeMOCh 3HAYCHHSIMH KOB3aHHS S; Ta PO3PaXOBYEMO 3HAYCHHS M.
KopucHO BKITIOUHTH 710 PO3paxyHKY 3HAYCHHS KPUTUIHOTO KOB3aHHS Sy,
BiamoBigHi 3Ha4€HHS KYTOBOI MIBUIKOCTI PO3PaXOBYIOTHCS SIK:
w; =w.(l—s)=157-(1—-s;) (3.10)

Pe3ynbpTaTl po3paxyHKiB 3BOAMMO 10 TaOIuIll 3.2, 3a AKOI0 OyIYETHCS

MPUPOIHA MEXaHIUYHA XapaKTePUCTHKA.

Tabnurs 3.2 — PesynbTatl po3paxyHKy MPUPOIHOT MEXaHIUHOT XapaKTEPUCTUKH

S; M;, Hv | w; pan/c

0 0 157
0,01 32,24 155,43
0,05 130,26 149,15
0,1 162,82 141,3
0,2 130,26 125,6
0,4 76,62 94,2
0,6 52,81 62,8
0,8 40,08 31,4
1,0 32,24 0
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3.2 Po3paxyHoK Ta mo0y/A0Ba IITYYHHX MEXAHIYHUX XapPaAKTEPUCTUK

(1,5f, 2f, 2,5f)

Jns 3minu yactotu f, HeoOXimHO mam’sTaTd, M0 IS KOXKHOI MEXaHIYHOI
XapaKTePUCTUKH LKW OCl S € Pi3Hi, TOOTO TOYKAa 1A€AJBHOIO XOJOCTOTO XOIY
(w = w,a60s = 0) B3HAXOAUTBCS HA PI3HUX TOYKAX OCI S IS PIZHUX
XapakTepucTuk. BapTo Takok BpaxoByBaTH Te, IO CyMapHUW 1HAYKTUBHHI OMIp

X, = X; + X; 3miHroerses nponopitiitao yactoTi f. Lle Bukinkae HeoOXiqHICT
MOJIAJIBIIOTO MEepEepPaxyHKy 3HaueHb S, Ta My, K1 3a1exarb Big Xj.

OCKiNbKM, CyMapHHidi IHAyKTUBHHA omip X, = X; + X, 3MiHIOETBCA

poropiiiiHo yactori f, mepepaxoByemMo 3HaUYEHHS, IO 3aJI€KATh B X .
Jnis 3uauens yactor (1,5f, 2f, 2,5f) orpumaemo:
Xy, = X+ 1,5=2,84-15=4,260m

Xe. =X, -2 =284-2=5680M
3

X, =X,-25=284-25=710m
4
L LT
X T 426
_ R 029 0,051
SKLLIZ st - 5,68 )
_ R 02 = 0,041
SKLLI3 Xk4 - 7’1 = v
M, = e 30220 ey
KT weXy, 2-157 426 M
3Ug 32207
M, = =81,41H-™M

" 2wX, 2-157-568
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v 3U§ 32207 6513 H
s T dwXp, 2-157-71 M
3a cnpoieHoro Gopmynoro Kiocca orpumaemo:
v 2M, 2-108,55 217,1
TS Sw s 0068 s 0,068
Skm Si 0,068 S 0,068 S
M 2M,y, 2-81,41 162,82
i3 T s . Swu S N 0,051 s 4 0,051
Sk, Sj 0,051 S; 0,051 S;
M. — 2Myy,  2-6513 130,26
4 Si_ Skms S + 0,041 s 0,041
Skt Si 0,041 S; 0,041 S
Wi, = Wi, = w;, = w; = o (1 —5) =157 (1 —5))

Pesynbratit pospaxyHkiB 3BogumMo 1m0 Tabmumi 3.3, 3.4, 3.5 3a skumu

OyayroThes MITY4YHI MexaHiuHi xapaktepuctuku (1,51, 2f, 2,51).

Ta6nus 3.3 — Pe3ynbraTu po3paxyHKy MITYIHOI MeXaHIuHOT Xapakrepuctuku 1,5f

S; M;,, HM| w;, pan/c

0 0 157
0,01 31,25 155,43
0,068 108,55 146,32
0,1 100,95 141,3
0,2 66,16 125,6
0,4 35,87 94,2

0,6 24,29 62,8

0,8 18,32 31,4

1,0 14,69 0
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Ta6muus 3.4 — Pe3ynbraTu po3paxyHKy ITYYHOT MeXaHIuHOT xapakTepucTuku 2 f

S M;,, HM| wj, pan/c

0 0 157
0,01 30,74 155,43
0,051 81,41 148,99
0,1 65,9 1413
0,2 38,98 125,6
0,4 20,43 94,2

0,6 13,74 62,8

0,8 10,34 31,4

1,0 8,28 0

Ta6nus 3.5 — Pe3ynbraTu po3paxyHKy MITYYHOT MEXaHIUYHOT XapakTepucTuku 2,5f

S; M;,, Hm| wj, pan/c

0 0 157
0,01 29,99 155,43
0,041 65,13 150,56
0,1 45,72 141,3
0,2 25,63 125,6
0,4 13,21 94,2

0,6 8,86 62,8

0,8 6,66 31,4

1,0 5,33 0

3a manumu tabmmnb 3.2, 3.3, 3.4, 3.5 Oyayemo rpadiku MexaHI9HUX

XapaKTepUCTHUK, 300pakeHNX Ha PUCYHKY 3.1.
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Pucynok 3.1 I'padiku MexaHIYHUX XapaKTEPUCTHUK

BucHoBok: ¥V xo0/11 TpeThOro po3aLTy OyJ0 371iICHEHO PO3paxyHOK Ta Mo0y10Ba
MEXaHIYHUX XapaKTEePUCTHK. 3a crupoiieHor (opmynor Kiocca Oyno 3HalaeHO
KPUTHYHI KOB3aHHS 1 KpUTHYHI MOMEHTH JIJIS TOOYA0BH MPUPOAHOT i mTydHuX (1,5f,
2f, 2,5f) xapakrepuctuk. [laHi XapaKTepUCTUKHU TO/IaHI HA pUCYHKY 3.1. Sk MOoxHA
mo6aunTu Ha pUCyHKY 3.1 31 30UIBIIIEHHSM YaCTOTH, MOMEHT BITHOCHO CHHXPOHHOT

IIBUJIKOCT1 3MEHIITYETHCS.
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BUCHOBKH

Y xoxai BukoHaHHS KBaniikaiiiiHoi poO6oTu OakanaBpa OyJI0 MPOBEICHO
JOCIIIKEHHSI Ta po3p00JIeHHS MPUBOY IMUHAEIS TPUKOOPAUHATHOTO (hpe3epHOTro
BepcTata. OCHOBHOIO METOIO0 POOOTH OYJI0 CTBOPEHHS €(hDEKTUBHOTO Ta HAJIIMHOTO
OpUBOJY IUMUHIAES, KUK 3a0e3neuyBaB OaraTo(yHKIIIOHAJIBHICTh Ta BHUCOKY

TOYHICTb OOPOOKH.

VY nepmioMy po3aiii Oyao MPOBEACHO aHaN3 ICHYIOUMX BUIIB (pe3epHHX
BepcTariB. bynu BusBIEHI IepeBard Ta HENONIKM PI3HUX BHUAIB BEpPCTATIB.

BpaxoByrouu 11ie, 0ys10 BU3Ha4Y€HO OCHOBHI BUMOTH JI0 PO3POOIIOBAHOTO TPUBOTY.

VY npyromy posniii 6yio MpoBeeHO BUOIP TOJIOBHOTO 1 OCOBOTO JBUT'YHA. 3a
IPOBEJICHUMU pO3paxyHKaMu 0yio BUOpaHo ABUTYH rosioBHoro npusogy GDK110-
9-18Z, a Takox ocwoBuii nBUryn SZGH-06060DC. Po3paxynku mokaszanu, 110 i
JIBUTYHU MIAXOASTH JJIA 3aJaHUX YMOB ¢pe3epyBaHHs, MPOUIUIM MEPEeBIPKY IO
JOIYCTUMUM MOMEHTAM B JUHAMIYHOMY Ta CTUTHYHOMY pexumax. byno 3iiicueHo
BUOIp 3a CTPYMOM 1 TMOTYKHICTIO YacTOTHOTO TE€pPEeTBOpIOBava. 3a IHUMH
napameTpuMu OyJsio BHOpaHo dacToTHHi meperBoproBau PI150 004G3Z. Byno
BUOpPAHO MPOBO/IA Ta €IEMEHTH 3aXUCTy. HaBelleHO eNneKTpuYHy NPUHIIUIIOBY CXEMY

T'OJIOBHOT'O MPUBOY 1 PYHKI[IOHATBEHY CXeMYy KepyBaHHS BEPCTATOM.

Y TperboMy po3aiii Oyno 3AIHCHEHO PO3PaxXyHOK Ta MOOyI0Ba MEXaHIYHUX
XapaKTEePUCTUK. 3a crpolieHoo dopmynoo Kitocca Oyno 3HalAEHO KpHUTHYHI
KOB3aHHS 1 KpUTHYHI MOMEHTH T To0ymoBu nipupoHoi i mryqdrux (1,5f, 2f, 2,51)

XapaKTEPUCTHUK.

OTxe, Ha MACTaBl OTPUMAHUX PE3YIHTATIB MOXKHA 3POOUTH BHCHOBOK, IO
pO3pOONCHUI TPHBIA MIMUHACIS TPUKOOPAMHATHOTO (PE3epHOro BepcTaTa

BI/IMIOBIJIa€ MMOCTaBJICHUM BUMOTaM Ta €(DeKTUBHO BUKOHYE CBO1 (DyHKITII.
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JIOJIATKHU
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Jonarok 1 — 3arayibHUI BUTJISLA BEPCTATY
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Honatok 2 — CxeMa enekTpuuHa (DYHKIIOHAJIbHA CUCTEMU KEPYBaHHS BEPCTATOM
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Honatok 3 — Cxema eeKTpuyHa NPUHIUIIOBA TOJOBHOTO €JIEKTPONPUBOTY
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Honarok 4 — CxeMa MIAKIIOYEHHS IEPETBOPIOBAYA YACTOTH
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Honatok 6 — [lepeknan 1 po3ainy

CHAPTER 1 ANALYTICAL PART

1.1 Types of milling machines

A milling machine is a metalworking machine designed for milling flat and
shaped surfaces, bodies of rotation, gears and other workpieces. The part fixed on
the table makes a translational movement (curvilinear or rectilinear), while the cutter
makes a rotary movement. Control of the metal-cutting machine is carried out

manually, mechanically or automatically using the CNC system.

There are many different types of milling machines, but the main ones can be

classified according to the following criteria:

1. Type of processing: vertical, horizontal, universal (allows you to process parts
in both directions) and specialized (for example, milling machines for the production

of gear wheels).

2. Type of tool attachment: manual (for single operations), automatic (for mass
production), or numerical control (CNC), where the movements of the tool are

programmed on a computer.

3. The size of the work surface: the table can be stationary or rotating, and also

have different sizes and configurations.

4. Precision: High precision machines provide very precise machining with high

repeatability and can include automatic control and correction options.
Some examples of milling machines according to these criteria:

Vertical milling machine: the tool is fixed vertically and moves along the Z axis,

and the part is placed on a horizontal table.

Horizontal milling machine: The tool is fixed horizontally and moves along the

X-axis, and the part is placed on a vertical table.
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Numerical Milling Machine: Has a numerical control (CNC) system that allows

you to program precise movements of the tool and obtain repeatable results.

1.2 Advantages and disadvantages of using vertical milling machines

A vertical milling machine is a type of milling machine in which the milling tool
Is ina vertical position. A vertical milling machine can have a table that moves along
three axes, i.e. X, Y, and Z, which allows for machining a variety of parts with high
precision. In a vertical milling machine, the milling tool is placed on a spindle that
can be rotated to various angles to provide the required angle of inclination of the
cutting tool. The milling tool is usually connected to the electric motor via a belt
drive or directly to the main shaft. Vertical milling machines can be used for a variety
of tasks, such as milling holes, profiles, locating grooves, surface flatness and
finishing of parts. They are widely used in industry to produce parts and products

from a variety of materials, including metals, plastics and wood.

Vertical milling machines can be equipped with a variety of accessories, such as
angle heads, extenders, devices for processing corners, devices for milling convex
surfaces, digital displays and others. These accessories can increase the functionality
and efficiency of the machine. Vertical milling machines can be manually operated,
but increasingly they are equipped with computer control (CNC), which allows the

automation of machining processes and increases accuracy and productivity.
The main advantages of vertical milling machines are as follows:

1. Higher precision and quality of processing: Vertical milling machines provide
higher precision and quality of processing because they allow parts to be positioned

more stably and provide easy access to processing locations.
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2. Wider range of work operations: Vertical milling machines can perform a
wider range of work operations, including milling, drilling, turning, threading,

leveling and profile cutting.

3. Ability to process large parts: Vertical milling machines can also process large
parts, although they may have limitations on the size of parts compared to horizontal

machines.

4. Efficient energy consumption: Vertical milling machines are more efficient
in energy consumption because they consume less energy during operation than

horizontal milling machines.

5. Higher productivity: Vertical milling machines usually have higher
productivity because they are able to perform a wider range of work operations and

machine larger parts.

These advantages generally make vertical milling machines more popular with
manufacturers and users looking for the most efficient and high-quality methods of

processing parts.

Despite the many advantages of vertical milling machines, they have several

disadvantages, among which the following can be distinguished:

1. Limited work area: Most vertical milling machines have a limited work area,

which can limit the ability to process large parts.

2. Limitations on the types of materials that can be machined: Vertical milling
machines can have limitations on the types of materials that can be machined, as not
all materials can be machined with high quality and without the risk of damaging
the tool.

3. Requires highly skilled operator: CNC vertical milling machines require

highly skilled operator for proper programming and efficient use.

4. Cost: Vertical milling machines can be quite expensive, especially if you need

to purchase additional accessories and equipment.



58

5. Need extra space: Vertical milling machines can require a lot of space to set
up and use effectively, which can be problematic for small industrial plants or

workshops.

In general, when choosing a vertical milling machine, it is important to
consider its advantages and disadvantages, as well as the specifics of production

needs, in order to ensure the most optimal choice.

Figure 1.1 - Vertical milling machine (1. End mill 2. Spindle 3. Spindle head 4.
Column 5. Table 6. Saddle 7. Knee 8. Base 9. Spindle switch 10. Spindle speed
switching lever 11. Spindle speed control lever 12 .Oil tank 13. Table hand wheel
14. Table lock 15. Automatic saddle movement handle 16. Automatic saddle
movement control disc 17. Saddle hand wheel 18. Knee hand wheel 19. Quick

access button)
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1.3 Advantages and disadvantages of using horizontal milling machines

A horizontal milling machine is a type of machine used to process metals, wood,
and other materials. Horizontal milling machines are used for the production of
complex parts that require precise shapes and sizes. They have a horizontal working

surface on which the parts for processing are placed.

Horizontal milling machines are used in a variety of industries, such as the
automotive industry, the aviation industry, mechanical engineering, shipbuilding,
the manufacture of railway equipment, the metallurgical industry, and others. With
the help of horizontal machines, it is possible to process parts of various shapes and
sizes from metals, plastics, wood and other materials. They are used to manufacture
various parts such as ball mechanisms, gears, gears, spindle housings, shafts,

gearbox housings and others.

Also, horizontal lathes can be used to perform a variety of operations such as
drilling, milling, cutting, grinding, and more, making them very versatile production

tools.

One of the main advantages of horizontal milling machines is their relative ease
of use and maintenance. Also, horizontal machines may be more efficient for
machining parts with large widths and small depths, while vertical machines are
better suited for machining parts with large depths and small widths. Other
advantages of horizontal machines include their relative resistance to vibration and
higher processing accuracy at high loads. Also, in some cases, horizontal machines
can be more economical to operate, especially if they are used for machining parts

of mass production.
Disadvantages of horizontal milling machines:

1. Difficulty in setting up: Setting up horizontal milling machines can be a

difficult process, especially for complex parts with complex shapes.
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2. High cost: Horizontal milling machines can be more expensive compared to
vertical milling machines, which can be a problem for businesses with a limited
budget.

3. Horizontal machines have less versatility compared to vertical machines, as

they are not suitable for many types of processing.

4. High maintenance costs. A horizontal machine can be difficult to maintain
and repair due to the more complex construction and the greater number of parts that

need to be replaced.

The choice between a vertical and horizontal milling machine depends on the
specific problem to be solved. Each of these types of machines has its advantages
and disadvantages, but in general, both of them are versatile production tools and
can perform many operations with a variety of materials. In particular, horizontal
machines are usually used for milling flat surfaces and manufacturing parts with
large lengths or widths. They can also perform precision machining operations such
as engraving and grinding. Vertical machine tools, on the other hand, are generally
used for making parts with complex shapes, machining holes and deep grooves, and

for drilling, milling, cutting, and other operations.

Therefore, both types of machines can be universal depending on the specific

needs and tasks of production.
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Figure 1.2 — Horizontal milling machine (1 — foundation plate, 2 — bed, 3 —

console, 4 — slide, 5 — table, 6 — trunk, 7 — mandrel with milling cutter)

1.4 Use of numerical and universal milling machines advantages and

disadvantages

The universal milling machine is distinguished by a number of design features:
the spindle unit, the box, as well as the main units are located in the inner part of the
bed. The design of the machine includes vertical and horizontal guides along which
its console and work table move. In addition, the working surface can be set in
relation to the spindle of the equipment at the desired angle, which allows you to

process with its help metal parts with even the most complex configuration.

Such rather compact equipment, installed at home, in workshops, educational
institutions, and in small production shops, allows you to perform various
technological operations: cut threads, drill holes, perform processing of all kinds of

parts and materials with various types of cutters, etc.
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Processing of workpieces on milling machines of this type is characterized by
good accuracy, as their design has exceptional rigidity (of course, with competent
installation). Such cantilever-milling machines are distinguished by their high
productivity, which makes it possible to use them for the production of products in
serial batches. Despite their high productivity and wide functionality, such machines
are characterized by low energy consumption and compact dimensions, which

allows them to be conveniently placed even in a small area.

Numerical control (NC) is a computerized control system that reads command
instructions from a specialized programming language (eg, G-code) and controls the

drives of metal, wood, or plastic processing machines and machine tools.

Numerical control is the automatic control of a process carried out by a device

that uses numerical data that is usually entered during an operation.
More modern CNC systems, called CNC, are based on a control system built on:

- Microcontrollers
- Programmable logic controller
- Anindustrial computer based on a microprocessor
Devices of this kind are actively used in various industries for the mass
production of high-quality parts. CNC machines are highly productive and are able
to provide unsurpassed quality not in a single instance, but on the flow, which makes

them indispensable equipment for any serious production.

CNC machines, which process parts from various metals with high productivity
and precision, have one big drawback: a decent cost, but it is fully compensated by

the following positive factors:
1. Reducing the need for qualified specialists in production;
2. High productivity compared to machines with manual control;
3. Reducing the term of production cycles;

4. Acceleration of the transition to the production of new products.
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Figure 1.3 — Turning and milling processing center with CNC

Conclusion: In the course of the first chapter, an analysis of existing types of
milling machines, a list of advantages and disadvantages of each type, the scope of
application of milling machines was carried out. Modern machines with CNC were

considered.



