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PEDOEPAT
kBanidikaiiiHoi podotu Oakanaspa " Po3poOieHHsSI aCHHXPOHHOTO

€JIEKTPONPUBOLY IEPECYBHOIO BEPCTATY JJIsI IIAPOIICUHOTO OypiHHS CBEPAJIOBUH"

Po6ota mictuth 50 cTopiHOK, 42 intocTpalii, 11 BUKOpUCTAHUX JIKEPEIT.

KirouoBi cnoBa: eneKkTponmpuBOi, IIapolleuyHe OypiHHSA, IepeTBOpIOBaY
JaCTOTH, IIEPETBOPIOBAY YACTOTH, KOMIT FOTEPHA MOJIEITh, TIEPEXiTHHI TpOIIEC.

[Ipeamerom  nmocnijpkeHHs  KBajdidikamiiHOT poOOTH € aCUHXPOHHHM
CJIICKTPOINPUBO]] TICPECYBHOTO BEPCTATy ISl IIAPOIICYHOTO OYpiHHS CBEP/JIOBHH.
OO6'eKTOM JIOCHIIKEHHS € PO3pOOJIEHHS CHUCTEMU AaBTOMATHMYHOIO YIIPABIIHHS
ACUHXPOHHHUM CJICKTPOIIPUBOJIOM.

Po3pobnena  cuctemMa ~ aBTOMAarM4YHOTO  YIPABIiHHA  ACHHXPOHHUM
CIICKTPOIIPUBOIOM TIEPECYBHOTO BEpCTaTY JIJIS IIAPOIICYHOTO OypiHHS CBEP/JIOBHH
JI03BOJISIE HE TUIBKH 3a0€3MeUnTH MOTPiOHI MapaMeTpH TEXHOJIOT11, ajieé i TOYHICTh
pEerymoBaHHS BCiX KIIOYOBUX TIapaMeTpiB Tmporiecy. lle cmpuse cTabGiuipbHOCTI
pobotu OypoBoro oOJagHAHHS Ta JO03BOJSE JOCITTH BHUCOKOI OypiHHS SIKOCTI
BUKOHAHHSI OypOBHUX POOIT.

3actocyBaHHSl YHI(DIKOBaHMX Ta HIMPOKO BHKOPHCTOBYBAHUX MPHUCTPOIB Yy
CXeM1 yNIpaBIiHHSA 3HAYHO TIOJIETIIYE 3ajJady TEXHIYHOTO OOCIyroByBaHHS Ta
peMoHTY obnanHanHd. Lle cnpuse 3HIKEHHIO TPUBAIOCTI BUMYIIIEHUX MPOCTOIB Y
BHITQ/IKy BUHUKHEHHS HECIIPABHOCTEH, 1110, B CBOIO UEPrYy, MiABHINYE €(PEKTUBHICTD
Ta HAAIMHICTH BUpOOHUYOTO Tporiecy. Kpim Toro, Taka cucrema 3abe3neuye OUIbITy
THYYKICTh y HaJaIlITyBaHHI Ta MOJIEpHI3aIlii 00IaTHAHHS, 1110 TO3BOJISIE OTIEPATUBHO
pearyBaTu Ha 3MiHH poOoYnX OTPeEO.

Po3pobnena cucrema ynpaBIliHHS TaKOXK MOKPAIYE B3a€EMOMII0 MIX PI3HUMU
eneMeHTamMu OypOBOTO KOMIUIEKCY, TIJIBUINYIOUM 3arajbHy HAIIHHICTh Ta
JIOBTOBIYHICTh OOamHaHHsA. B pe3ynbrari, 1me 3a0e3mneuye 3MEHIIEHHST BUTpAT Ha

00CIIyrOByBaHHS Ta €KCILTyaTallilo, a TAKOX MIABUIIECHHS 0€3MEeKH pOOOTH.



Po6otra mae 3HauHy mpakTU4uHy HiHHICTG. [licist OUIbII AeTadbHOT JOPOOKH Ta
TECTYBaHHS Pe3yJIbTaTH MOXYTh OyTH BIIPOBA>KEH1 HA JAHOMY MIJIPHEMCTBI, 110
J03BOJIUTh MIABUIIUTH €(EKTUBHICTH OypOBHX pOOIT, 3HM3UTH EKCIUTyaTalliH1
BUTpaTH Ta 3a0e3MeyuTH CcTaOUIbHY poOOTYy OOJIafHAHHA B YMOBaX peajbHOi
poboTHu.

ABSTRACT

of the Bachelor's Qualification Work "Development of an Asynchronous
Electric Drive for a Mobile Machine for Roller Cone Drilling"

The work comprises 50 pages, 42 illustrations, and 11 references.

Keywords: electric drive, roller cone drilling, frequency converter, computer
model, transient process.

The subject of this qualification work is the asynchronous electric drive for a
mobile machine used in roller cone drilling. The object of the study is the
development of an automatic control system for the asynchronous electric drive.

The developed automatic control system for the asynchronous electric drive of
the mobile machine for roller cone drilling not only ensures the required
technological parameters but also the accuracy in regulating all key parameters of
the process. This contributes to the stability of the drilling equipment operation and
allows achieving high quality in drilling operations.

The use of standardized and widely used devices in the control scheme
significantly simplifies the task of technical maintenance and repair of the
equipment. This helps to reduce the duration of forced downtimes in case of
malfunctions, which in turn increases the efficiency and reliability of the production
process. Additionally, such a system provides greater flexibility in the adjustment
and modernization of the equipment, allowing for quick responses to changing
operational needs

The developed control system also improves the interaction between different
elements of the drilling complex, enhancing the overall reliability and longevity of
the equipment. As a result, this ensures a reduction in maintenance and operating

costs, as well as an increase in operational safety.
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Beryn

CydacHi BUMOru 70 HahTOBOI 1 ra30BOi MPOMUCIOBOCTI 3MYIIYIOTh PpO3POOHHUKIB
MOCTIMHO LIYKaTH HOB1 TEXHOJIOTTYHI PIMIEHHS JUIsl MiABUIIEHHS MPOAYKTHUBHOCTI Ta
3HIDKCHHS BIUTMBY Ha HaBKOJHIIHE cepenoBuiie. OcoOnMBE 3HAYCHHS Y I[HOMY
Mpoiieci Mae IIaponieyHe OypiHHS, SIKE € OJHHMM 13 Hale(EKTUBHINMINX METOJIB
BIJIKPUTOT'O OCBOEHHSI HATOBUX 1 Ta30BUX CBEPIJIOBUH. EQEKTUBHICTH IIHOTO MPOILIECY
HANPSIMY 3aJICKUTh BiJl TEXHIYHOTO CTaHY Ta TOYHOCTI NIEPECYBHHMX BEPCTATiB, IO
BUKOPUCTOBYIOTHCH.

OgHuM 13  KIIOYOBHX HANPSMKIB yJOCKOHAJICHHS TaKUX BEPCTaTiB €
3aCTOCYBaHHS CYYaCHUX aCHHXPOHHHX €JICKTPONnpuBOIiB. [li TeXHOIOTIT 103BOISIIOTH
3HAYHO 3HI)KYBAaTH BHTPATH EJIEKTPOCHEPTrii 3a paxyHOK ONTHUMI3alii poOoTH
JBUTYHIB, NIABUIIYIOTh KEPOBAaHICTh YCTATKyBaHHS Ta 3a0e3MeuyroTh IIJIaBHE
PEryJIOBaHHS TMOTYXKHOCTI 1 IIBHAKOCTI BepcTaTiB. BaxinBow mepeBaroro
ACUHXPOHHUX CHUCTEM € iX BHCOKa HAJIMHICTh 1 3JaTHICTh MpallOBaTH B yYMOBax
BEJIMKMX HABAHTA)XEHb 1 3HAYHUX MEXaHIUHUX HAMPYT.

Mera maHoi 6akanaBpchbkoi poOOTH moJisArae y po3poOJieHHI Ta KOMIUIEKCHOMY
aHai31 aCHHXPOHHOTO €NEKTPOTPUBOY IJIsi TIEPECYBHOTO BEPCTATY IIAPOIIEYHOTO
Oypinns. JlocHiIKeHHs BKIIIOYAE aHaji3 KOHCTPYKIIIMHHUX OCOOJHMBOCTEH MPHUBOIY,
eKCTIepHUMEHTaIbHE BU3HAUCHHS HOT0 €()eKTUBHOCTI B YMOBaX pealbHOT KCILTyaTaIlii
Ta TMOPIBHSHHSA 3 TPATUIIIHHUMHU TEXHOJIOT1SIMHU.

[Toganpmuii  po3BUTOK JaHOI TEXHOJIOTIT MOXKE€ MaTH 3HAYHUN BIUIMB Ha
MOKpaIieHHS eHeproe(EeKTUBHOCTI Ta €KOJOTIYHOI Oe3mekw B Tairy3i HadTorazoBoi
mpoMucIIoBOCTi. OKpiM TOTO, BIIPOBAKCHHS aCHHXPOHHUX €JIEKTPOIPUBOIIB MOXKE
CIPHUATH 3MCHIICHHIO EeKCIUTyaTalliiHUX BUTpPAT 1 ITABUIIEHHIO JOBFOBIYHOCTI
ycTatkyBaHHs. Lle, B CBOIO 4epry, M03BOIUTH 3HU3UTH BApTICTh BUIOOYTKY HaTH 1

ra3y, 3pOOMBIIH IIi peCypcH OB TOCTYITHAMH Ha CBITOBOMY PUHKY.



1 TEXHOJIOTTYHA YACTHUHA

1.1 IlpuHnun aii BepcrarTiB IIAPOMIKOBOIro OypiHHSA

[MpuHMn Aii BepcTaTiB IIAPOIIKOBOTO OYpIHHA AHAJIOTTYHMM NPUHLMMY il
BEpCTATIB IIHEKOBOrO OypiHHS: BEpPCTAaT TaKOX 3JIMCHIOE o0OepTaHHS OypOBOTO
IHCTPYMEHTY Ta OJHOYaCHE MOro nojavy Ha Bi0ii. O HaK 3aMiCTh KOPOHKU PIXKY4OI0
THUIY 1[I BEPCTATH OCHAINEHI IIAPOIIKOBUMH JIOJIOTaMH, JIJISl YCIIITHOI POOOTH SKHX
noTpiOH1 3Ha4HO OUIbII OchboBl 3ycwuis mpuomm3zno 200—300 kH, iHTeHCUBHE
OYMINCHHS CBEP/JIOBUHH Ta OXOJIOKCHHS JIOJIOTa, IO 3a3BUYAil JTOCITAETHCS
NPOyBaHHSAM CTUCHEHUM IOBITPSIM.

BigHocHa YacTka mIapomIKOBOrO OYpIHHS Yy 3arajJlbHOMy 00cs31 OypiHHS
cTaHOBUTH MpuodIM3HO 70%. Ha ByriibHUX po3pi3ax BEpCTATH MIAPOIIKOBOTO OYpIHHS
ckIaaaroTh npuodsmu3Ho 40% BChOTo MapKy BepcTaTiB. Y TOPU30HTAIBHOMY MOJIOKEHH1
BepcTaT (HIKCYEThCS 3a JOTIOMOTOI0 TPhOX TiIpaBIIUHHMX JTOMKpaTiB. Bexa moxke
¢dikcyBaTHCS y TPHOX MOJIOKEHHSX (BepTUKaIbHE, i KyToM 15° 1 mmix kyrom 30° 10
BEPTHKAJ1) 3a JOMOMOTOI0 CIeHiaJbHOTO MexaHi3My. CXui Bexl1 1 MepeHeceHHs 1l B
TpaHCTIOPTHE (TOPU3OHTAIbHE) TOJOKEHHS 3AIMCHIOIOTHCS 3a JOMOMOTOI0 JIBOX
T1IPOIMITIHAPIB, MIAPHIPHO 3'€HAHUX 3 oropamu Bexi. Omneparlii cCnycKy Ta miauomy,
a TAKO 3aBUHYYBAHHS 1 PO3BMHUYBAaHHA JOJOT 1 IMITAHT MeXaHi3oBaHl. OUYUIICHHS
CBEP/JIOBUHU 3JIINCHIOETHCS TOBITPSHO-BOJSHOIO CyMimito. BepcraT ocHameHui
YCTAaHOBKOIO TMOa4i MOBITPSHOI BEHTHJIALII 3 MiJIrpiBOM Ta 3BOJOKEHHSM TOBITPS.
MexaHi3M mojiadi - KaHATHO-T1IPaBIiUYHHMM, SKUH 3a0e3nedye pyxX 0O0epTaIbHOTO

MEXaHI3MYy TI0 BEeXi Ha JIOBXKUHY IITAHTH (8 M).

1.2 bynoBa BepcTara mIapomIKOBOro OypiHHA



VY nepeaniil 4yacTMHI MAlIMHHOTO BiJJUJIEHHS BCTAHOBJIEHI €JEKTpUYHI madu
yIpaBJiHHS, MACJIOMIKauyBaJibHa CTaHIlisA, OJOK rigpoanapatrypu, BOJIsIHI HACOCH Ta
1HIIE JOTMOMDKHE OOJIaHaHHSA. Y 3aJHId YacTHUHI PO3TAllOBaHi JiBa TBUHTOBUX
KoMIpecopa Ta JBa KaOenbH1 OapabaHW IS aBTOMATU30BAHOTO YKJIaJaHHS
KUBWJIBHUX KaOeniB Bepctara. Jlo mepeaHbOi YaCTHHU MAIIMHHOTO BiJIIUICHHS
npuisrae kabiHa mamuHicTa. Y KabiHI po3TamioBaHi MyNbT yHpaBiiHHS, mada st
CIeLoATyY, JBa Kpicia Ta o0irpiBay kabiHu. Ha xoHcCoOJIsIX pamu MpaBoi 4acTUHU
MAaIIIMHHOI'0 BIJIUICHHS BCTAHOBJIECHO €MHICTH JJI BOAW. MK KaOIHOIO Ta €MHICTIO

JJIs1 BOOAXW Ha IBOX KpOHH.ITCfIH&X BCTAHOBJICHO BCKY BEpPCTATA.
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Pucynok 1.1 — llorna Bepcrary CBIII-250MH

[TpuBig 6ypoBOTO CTaBa 3AIMCHIOETHCS Bl €IEKTPOABUTYHA MOCTIHHOTO CTPYMY
gepe3 peAyKTop Ta TYMOKOPAOBY 3y0dacTy MydTy. EIeKTpoaBuUTyH Ta pemyKTOp

MIJBIIIIEH] HA KaHAaTaX CUCTEMH I10J1adl 1 EPEeMIITYIOThCS 110 HANIPSAMHUX BEX1 BCII
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32 OMOPHHUM BY3JIOM OypoBOro craBa. XiJi MOPIIHA TIAPOUMIIHAPIB , PIBHUM 2 M,
3abe3reuye Oe3nepepBHy Mmojgady 00epTaabHOr0 MPUCTPOIO Ha 8§ M, TOOTO HA IOBXKUHY
mranru. KanatHo-nosicnacTHa cucteMa CKIAJaeThesl 3 BEPXHIX Ta HMDKHIX KaHATIB,
KIHIl SKUX 3'€HaHl 3 KapeTkow obOepranbHOro MexaHizmy. [lpum pyxy mTOKiB
LIUJIIHIPIB Bropy BinOyBaeThCs HATIT HUWXKHIX KaHaTiB. [lpu pyxy oOepTaJbHOTO
MEXaHI13My BHU3 TJIPOLMIIHIPH CTBOPIOOTH 3ycriuis B 300 kH.

JIJist HaTATY TIpJSHIW CIIYXXUTh pyXoMa KapeTka , sika 3a JOIMOMOTrol0 KaHata 6,
3'€IHAHOTO 3 IITOKOM OJIHOTO 3 IWJIIH/IPIB, MIJHIMAETHCS 00 OMYCKAETHCS BIIMOBITHO
710 00epPTATLHOTO MEXaHi3My, MPOTE MPOXOINUTh BJIBIYI MEHIIHH msax. HaTsar kanara
PETYIIOETHCS 32 JIOTIOMOTOK0 PETYTIOBAIBHUX 00ATIB a00 My(T.

OcHoBHe poboue obnamnanns 6ypooro Bepcrara CBIII-250MH 3MoHTOBaHE B
BEXKI1, fKa pa3oM 3 yCIM OOJIalHAHHSAM IMiJBIICHA Ha CHEiaJIbHUX OIopax,
3aKpIMJICHUX Ha CWJIOBHX €JIEMEHTaX MAIIMHHOTO BUIJAUICHHS. 3a JIOMOMOTOHO
MEXaHI3MIB, 3MOHTOBAaHUX B BEX1, BUKOHYIOThCS BC1 omepallii mporecy OypiHHS:
oOepTaHHsi OypOBOTO IHCTPYMEHTY, CTBOPEHHS OCHOBOIO 3yCHJUJISI Ha IHCTPYMEHT,
OMYyCKaHHS 1 MiIHOM OypoBOro IHCTPYMEHTY, 30ipka 1 po30ipka OypoBOTO CTaBa,

rmojava MOBITPSHO-BOASHOT CyMIIIi IO BITOUTKY CBEPJIOBUHU
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Pucynok 1.2 Mexani3zm obeprantus 0ypoBoro Bepctaty ChIII-250MH



ba3oBum By31oM Bexki € ii Kapkac - 3BapeHa CUJIOBA MeTaleBa KOHCTPYKIIiS,
BUKOHAHA 3 IIBEJEPIB 1 KYTHHUKIB. 3a JOMMOMOTOIO BTYJIOK BeXa CIIUPAETHCS HA KapKac
MAalIMHHOTO BIJJUICHHS 1 MOXE OyTH BCTaHOBJIEHA B BEpPTUKaJbHE, Haxuie abo
TOPU30HTAIbHE TMOJIOKEHHS 3a JIONOMOIOI0 JBOX TIAPOUMIIHAPIB, IITOKH SKHX
CHUparoThCsl Ha Oanky. BeepeamHi kapkaca 3akpiluieH1 HAmpaBlAO4l LIBEIEPH, IO
SAKUM B IpoIieci OypIHHS MEePEMILTYIOThCS 00EpPTOBUM MEXaH13M Ta HaTsSKHA KapeTka,
niiBineHa a0 6ayiku 1 miaTpumytoya ripassay. Jlo ogHoro 3 60KIB Kapkaca Bexi 3a
JOTIOMOT'OI0 YOTHPHOX KPOHIITEHHIB KPIMUTHCS KaceTa, B K BCTAHOBIIOIOTHCS TPU
OypoBi mtanru. Ha HMXHBOMY TOSICI Kapkaca BeXI 3HAXOJUTHhCS MEXaHi3M
3aBUHYYBaHHs IMITaHr. HKHIA KIHEIb BEX1 3aKPUTHUN IIUTOM JJIs 3aroOiraHHS
MOTPAIUITHHS THTY Ta OypoBOi ApIOHUII B MEXaHI13M 3aBUHYYBaHHs. J[Jis KUBJIECHHS
TIIPOMMIIHIAPIB  KAaceTH Ta MEXaHi3My 3aBUHUYYBaHHS MpU3HAYEHUH  OJOK
rizpoanaparypu. be3nocepeHb0 Ha MIOII BCTAHOBJIEHI BTYJIKH JUISl MIATPUMKH
IITaHT M7 49ac OypiHHS HaXWICHUX CBEPJJIOBHH, YCTAaHOBKA BiJBEJCHHS OYypOBOi
IpiOHUIII BiJ CTBOJA CBEpUIOBMHM Ta Taib. lllorma ocHamiena cxoguHKaMu IS
OTJISIY, PEMOHTY Ta OOCIIYyTrOBYBaHHS.

Mexanizam ob6epranns OypoBoro Bepctara CBUI-250MH npusnauenuit s
obepranHs OypoBOTrO cTaBa Ta Iepeaadi HOMY OChOBOTO 3ycuiuis. I[lpuBin
00epTaTbHOTO MPUCTPOIO 3IIMCHIOETHCS BiJ MOCTIMHOTO CTPYMY E€JIEKTPOABUTYHA .
EnexrtpoaBuryHn mnpukpimuieHud cBOiM (iaHieM Oe3mocepeaHbo 10 PeayKTopa
CHEIaTbHOTO BUKOHAHHS.

3MmiHa yacToTH 0OepTaHHS OypOBOIrO CTaBa 3IIHMCHIOETHCS 3a JOIMOMOTOI 3MIHH
4acTOTH OOEpTaHHsA EJIEKTPOJIBUTYHAa MeXaHIi3My, Mo obepraeTrbes. Kaperkw,
MPUKPITUICH] 10 KOPIyCY PEAYKTOpa Ta BXOMASTH y HAMPABISIOY] MIBEJJIEPH IOTIIH,
3a0e3mneuyroTh (ikcaiio 00epTaTbHOTO MeXaHi3My TpH Horo pyci no morm. Kinii
KapeToK 3'€JHaHI TpaBEepCcO Ta (IaHIEM , HA SKOMY BCTAHOBIICHUM BEHTHIIATOP 6

JUTSL OXOJIOJKEHHS JIBUTYHA.
Ha BuximHoMmy Baily peayKTOpa BCTAaHOBJIEHA MIMHHO-3yOuacTa mMy(ra , siKa

3'€lHy€ MOro 3 IIMUHJENEM OMOPHOro By3ja . Jlo MiJUIMIHUKIB OMOPHOrO BYy3Ja



IpUEIHAHI BIChbMa , J0 SAKUX KpPIUIATbCS KaHAaTh MexaHi3My mnozadil. I[ligiiom

00epTaIbHOIO MPUCTPOIO 31ACHIOETHCA 32 JOTIOMOTOI0 KaHATIB.
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Pucynok 1.3 - Bynosa munH0-3y049acToi My Tu

Penykrop wmexaHi3My oOepTaHHS - JBYCTYNIHYaCTWUW, OJHOIIBUAKICHHM,
CHEIIaIbHOTO BUKOHAHHS 3 3aTaJIbHUM TepeaaTkoBuM guciiom 11,05.

VY 3BapeHOMY KOpITyCl 3 KPUIIIKOIO BCTAHOBJIEHI Ha BaJOBHUX IMIJUIMITHUKAX Baj-
HIeCTepHsI , BUXIIHHMI Baj 3 3yOUacTUM KOJECOM , BaJl-IIECTEPHS 3 3yO0UacTUM
koiecoM. [lepemaua KpyTHOrO MOMEHTY BiJ Baja €JIEKTPOABUTYHA 3M1MCHIOETHCS
gyepe3 3ybOuacty miBMypTy Ta 3yOuacTuil BiHemb. [y 3MaIieHHS IMiIIIAITHHUKIB
peAyKTOpa y HOTO KpHUIIIli BBAPEH1 MPOKIAAKH 1 3 BiABoaaMu. OTiisi 3y04acThX KoJic
Ta 3aJMBKa MacJa 31HCHIOIOThCS Yepe3 BIKOHIIE, 3aKPUTE KPUIITKOIO . JIJIs BiIBEIEHHS
BUKOPHCTAHOTO MAaCTHJIA CIY>KUTh OTBIp, 3aKPUTHM 3aTBOPOM.

[Iunno-3ybuacta MydTa mnpu3HAUYeHA I 3aXHCTy pEIyKTopa Ta
CJIEKTPOJBUTYHA O00EpTaIbHOTO MEXaHI3My Bim BiOparii Ta mepenadi KPyTHOTO
MOMEHTY BiJl BUXIJJHOTO BaJia PeIyKTOpa Ha MIMUHAEIb omopHoro By3na. [liBmydTa,
3'eqHAHA 3 BUXIIHUM BaJOM PEAYKTOpa, Yepe3 eIaCTUYHy KOPJOBY OOOJIOHKY Ta
3yO0dacTy miBMy(pTy 3'€HaHA NUIAISIMA 3 MBMYQTOI , IO CHUAUTH HA IIITHHICSII
ormopHoro By3na. EnacTiudna 00070HKA TPKUMAETHCS 10 IBMY(DT Ta MIBKUTBISIMHA
3a JOTIOMOTOI0 OONTIB . MK MIBKUIBIIMH BCTAHOBJICHO T'YMOBE K1JIBIIE.

OnopHuil By30J1 CIY>XKUTh JI4 Mlepeiadi 0CbOBOT0 3yCHILIA Bl MEXaH13MYy Moj1aul

OypOBOMY CTaBYy Ta MOJiadi 0 HbOTO MOBITPSAHO-BOASHOI cyMiniil. BiH ckinamaeTbes 3



BaJly, BCTAHOBJICHOTO B TpaBepCi Ha POJMKOBOMY IMIIIUIHUKY Ta KYJIbKOBOMY
MIAMUITHAKY, 3aKPUTHUX KPUIIKOKO . YIIUIBHEHHS KaHaly JUIsl Mojadl MOBITPSHO-
BOJSHOI CyMIlIl /10 Baja 3/1MCHEHO 3a JOMOMOTOI0 JIBOX MaHXeT , 3aTUCHYTHX 32
JIOTIOMOT OO KUTBIISI Ta BTYJIKA KPHIIIKOIO .

3'enHaHHS Baja 3 MIMHHO-3y0uacTo0 My(TOIO MITILEBE 3a I0MIOMOT0I0 OONITIB Ta
mait6. Jnsg 3'egHaHHS Bana 3 IITaHraMu OYpPOBOTO CTaBy BHUKOPHCTOBYETHCS
nepexigHuk. [l mojadi MOBITPSHO-BOMASIHOI CyMIIIl Yy BHYTPIIIHIO TOPOKHHUHY
00epTOBOI MITAHTU CIYXHUTh KPHUIIKA OMIOPHOTO BY3J1a, 0 SIKOI CyMilll 3 MaricTpai,
BCTAHOBJICHOT Ha TipJISH/I, TOIA€THCS Yepe3 MITYIIEp.

brnokyBanHs Bama Big o0OepTaHHS 3AIMCHIOETBCS 3a JIOTIOMOTOI CTOTIOpa,
BCTAaHOBJICHOTO Ha TpaBepci Ta CKIANA€ThCSA 3 TiAPOIMIIHApA , KpPOHIITEHHA Ta
BaYKETIsl.

MexaHi3M TMofadi TPEACTABISAE COOOK YOTHUPHOXKPATHY MPHUCKOPIOIOUY
KaHATHO-TIOJIICTIACTHY CUCTEMY 3 MPUBOJIOM BiJl ABOX TiAPOLMIIHIAPIB, MPU3HAYCHUN
JUTs TIoj1adi OypoBOro cTaBy Ha 3abiif 3 Hanpyroro a0 300 kH.

MexaHi3M HaTATY TIPASHIW TpeacTaBisie coOorw OapabaH, BCTAaHOBJICHUU Ha
pyXoMiii KapeTili, miaBimeHid Ha kaHaTi. [Ipy BHBEACHHI IITOKIB T1APOIMIIHJIPIB
MexaHI3My Tojadi (pu Mmojadi cTaBy Ha 3a0iil) KapeTka omyckaeThes. [Ipu migiiomi
OypoBOTO CTaBy KapeTKa TakoXX MigHiMaeThcs. [Ipu migiiomi Ta OImycKaHHI KapeTKH
BCTaBJIcHa y peiiky ii OapabaHa TripiisHIa, IO CKIQJTAEThCSA 3 IaKeTa KabesiB Ta
IUTaHTiB, ormHae OapabaH. KapeTtka pyxaeThcsi 3a 00€pTaIbHUM TPUCTPOEM 3i
MIBUKICTIO, Y JIBA pa3yd MEHIIOIO, IO 3a0e3Mnedye HATAT TIpASHIU TpH Oyab-sKOMY
MTOJIOXKEHH1 00ePTaTBLHOTO MPUCTPOIO.

Kacera cknagaetbes 3 0ci , BCTAHOBIICHOT B PO3pi3aX KPOHINTEHHIB Ha KYJbKOBHX
migmumHnKax. KpoHIITeHHNW NpUKpIMIeHI OoATaMu 0 METAJeBUX KOHCTPYKITIN
morau. Jlo BepXHbOI YaCTUHU OC1 3BapeHa Iiesnena 3 3YMUHKaMH, a JI0 ii HUKHbOI
gacTuHH omnopa. [Ipu BcTaHOBIIEHHI OypOBOi MITAHTH B CEPEAHE THI3IO OMOpPH, BOHA
HATUCKAa€ Ha TIeAalb BaXKEJIs Ta 3a JONMOMOTOK Tpoca TMOBEPTaE CTOMOp B
TOPU3OHTANILHE TIOJIOKEHHSI, MOJI0aBIIN OMip NpYyKUHHU . [Ipy 1bOMY BepXHiii KIHEIlb

mTaHru QikcyeTbes B mieneni . [Ipy BCTaHOBJIEHHI IITAHTH B OJIHE 3 KPAaMOBUX THI3]



OMOpH, BOHA (PIKCYETHCSA OJHUM 31 CTOIOPIB, AKUU MOBEPTAETHCS B TOPU3OHTAIBHE
MOJIOKEHHSI TAT00, TAKOXK 3'€JHAHOIO 3 Ba)KeJeM BIANOBIAHOrO rHizna. [Ipu npomy
pO3TATYEThCs NpykuHa. [IoBOpOT KaceT 3AIMCHIOETHCS T1APOIMIIHIPOM, IO i€ Ha
BaX1Ib, OJSTHEHWH Ha KBaJApaTHUN HIKHIA KiHeub ocl. IIpu obepranHi KaceTu

HACTYyITHA [ITAHTa MOJAETHCS HA BICh CBEP/IJIOBUHU a00 BIIBOAUTHCS BiJ] HEl.

Pucynok 1.4 - Mexani3Mm 3’ €JHaHHS Ta pO3’€JHAHHS IITaHT

MexaHi3M 3’€IHaHHS Ta PO3’€IHAHHS IITAHT CKIAJAETHCA 3 KOPIYCY,
MPUKPITUICHOT0 OOJTaMH JI0 METAICBUX KOHCTPYKITIM IIOTJIH, B IKOMY BCTaHOBJICHUI
XpamnoBuii MexaHi3M. [IoBOpoT XpamoBoro kosieca, 3MOHTOBAHOTO B KOPIYCi, MOXeE
3MIMCHIOBATHUCS TIAPOLMIIHIPOM depe3 co0adKky ado TiIPOJABUTYHOM Uepe3 PeayKTop.

Ha BepxHI0O yacTuHY XpamoBOTO KOJeca, BCTAHOBJICHOTO B po3pi3ax KOpHycy i
HOTO KPUIITKH 32 JIOMOMOTOF0 MiITUITHIKA Ta KOPIYCY, HAITI BEpXHS Ta HIDKHS TUTUTH
XpaIroBOro MexaHi3my, 3'€JHaHi 0OJITaMH 3 TUCTAHIIIMHUMH BTYJKaMU. MK ITUTAMH
BCTAHOBJIEHA Ha OCi co0adyka JABOCTOPOHHBOI /i, 10 3abe3medye MOMKIMBICTD
o0epTaHHs XparoBOro Kojeca y 00uABI CTOPOHH MTPH Ka4alIbHOMY pyci iuT B nieHTpi
XparoBOTO KoJieca € OTBIpP, a MPUKPIMIICH] 10 Kojieca 00JITaMU CETMEHTH YTBOPIOIOTH
NPSIMOKYTHHM a3, B IKUWA BKJIAJAIOTHCS KOJOJAKU. KOJOAKHA EHTPYIOTHCS BTYJIKOIO.
Mix BTYJIKOIO 1 XpalOBUM KOJIECOM PO3TAIIOBaHI aMOPTU3YI0Ui TYMOBI KUTBIIS.

[Ipu po3’egHaHHI IITaHT KOJOJIKH BBOASTHCS B TA3W XparoBOTO KoJyieca i

3'€IHYIOTBCS 3 TUIOCKOCTSIMU KIHIIIB HUKHBOI IITAHTH, @ BEPXHS IITAHTa YTPUMYETHCA



Bl oOepTaHHs KitodeM. [1oTiM 3a AOMOMOToI0 TIAPOLMIIHAPAa BUKOHYIOTHCS KUIbKa
KauyaHb MK XpaoBHKa, 1[0 IPU3BOIUTH A0 OOEPTAHHS 3'€JHAHOI 3 XPAIIOBUM KOJIECOM
HIDKHBOI IITAHTH BIAHOCHO BEpPXHBOI. Jlani mranru po3’e€qHyIOThCS 3a JOMOMOIOI0
riIpOIBUTYHA.

Po3’eqnanHs mTaHT BigOyBa€ThCs y 3BOPOTHOMY TOpsKY. [Ipu mbomy cobauka
MOBUHHA OyTH TMepel TUM TepeMillleHa, a TiIPOJABUTYH pEBEPCOBAHUM, IO
3a0€3MeunTh 00EPTaHHS XPAOBOro KOJeca B MPOTUIICKHUMN OIK.

[TinBoa HACTYIMHOI IMITAHTH ITiJl Yac PO3’€THAHHS Ta BiJIBEJICHHS BiTOKPEMIICHOT
BiJl CTaBy IITAHTH MPU PO3’€THAHHS 31HCHIOIOTHCS KaceTOlO.

JIroHeT KpInUThCS Ha IIOTJIl B IepeiHii nmpaBiit yactuHi. llTanra, 110 NpoXoauTh
yepes JIOHET, OMUPAETHCS Ha JABa IAPH, OJIMH 13 IKUX BOYJOBAHUM Yy KOPIYCi, a IHITUN
- y pikcyrouomy pyutti. [ligHiMaeTses y poboue moJIoKEHHS 3a I0TTOMOTO0 IIITIHIPA,
SAKUH MOBEPTAE KOPITYC BITHOCHO Ocl. Pyuka 3axoruttoe Ta pikcye MTaHTy B JTIOHETI 32
JOTIOMOTOI0  Tizmporiinapa. OOuaBa TIAPOUMIIHAPK OOJagHAHI TiapaBIIYHUMHU
3aMKaMH, [0 BHUKIIOYAIOTh CAMOBUIBHOI'O TEPEMIIIeHHS. YTPaBIiHHA JIIOHETOM
3I1HACHIOETHCA 3 KaOIHM MAIIMHICTA.

MamunHe BinauieHHs Ta kabiHa OypoBoro Bepcrata CBII-250M - kabina 3
IyJIBTOM YIIPABIIIHHS KPIMUTHCS 10 OJTHOTO 3 OAJOK X0J0BO1 pamMu. Y KaOiHI € BXiJHa
JBEpl Ta BOHA CIIOJIydy€Ha 3 MAIIMHHUM BiIAUICHHSAM aBepuMa. Jlo 1HIIOI Oanmku
XOJIOBOI paMHu KpIMUTBCS yTEIUIEHWH Oak I BoaAW. MalIMHHE BiIIICHHS
CKIIAJAEThCsl 3 JIBOX 130JIbOBAHUX MPUMINIEHb - YTEIJIEHOTO 1 HEYTEIUICHOTO,
3'eqnanux aBepuma. OKpiM TOro, MalIMHHE BIAJIUICHHS Mae€ BXiOHY 1Bepi. B
YTETUICHOMY MPUMIIIEHH] PO3MIIIEH] Pi3H1 00JIaJHAHHS Ta MPHUIAI, TaKl sIK HACOCH,
TparncpopMaTop Ta iHIe. Y HEYTEIUICHOMY IMPUMIIICHH] pO3TalIOBaHUN KOMITPECOP
Ta PO3MOAUIPHUH SITUK.

JIisi  TOPW3OHTANLHOTO pO3TAllyBaHHS BepcTaTa /O KapKacy MAIIMHHOTO
BUIIICHHS. KPIIUIATBCS TPH  TIAPOJOMKpPATH: JIBa CIIEpEIy Ha CIEMiaIbHUX
KpPOHIITEHHAX 1 O/IMH 3331y NMPSMO Ha KapKaci.

B skocti oOcHOBHOro pyiHIBHOrO 1HCTpyMeHTy Ha Bepcratax CBII

BUKOPHUCTOBYIOTBCSI IIAPOIIKOB1 fJojioTa. KpiM TOro, Ha HUX MOXYTb OyTH
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BUKOPUCTaHI pIXKydl Ta KOMOIHOBaHI J0J0Ta. BypoBiI IITaHMHM IIMX BEPCTaTIB

CKJIQJIAl0ThCS 3 TIAJKUX TPYO 3 pi3bOOBUMU XBOCTOBUKAMU.

1.3 Knacudikauisi 1oor

[HapomkoBi gosota s OypiHHS BUOYXOBUX CBEPJIOBHH BHUTOTOBIISIFOTHCS
3rifHo cta”napty Ha "Jlomora mapomkoBi. Tunu Ta ocHOBHI po3mipu". Bouu
OCHAILIEHI O/IHI€I0, ABOMA ab0 TphboMa Iapoikamu. HailOuibl nmommupeHuMu craiu
TPHOXIIAPOIIKOBI 10J10Ta. TphOXIIAPOUIKOBE J0JOTO CKIAAETHCA 3 TPhOX 3BAPEHHUX
MDK cOOOI0 CEeKII - TaMoK, Ha BYIIKAaX SKMX 3MOHTOBAHI1 IIAPOIIKH, 1110 00EPTAIOTHCS
BUIBHO Ha OMOpax, 00JIaJHAHUX POJTUKOBUMH 1 KYJTbKOBUMH IMIIIUITHUKAMHA KOYEHHS.
30BHIIIHI poO0OYl MOBEPXHI IIAPOIIOK OCHAIEHI 3yOusMu. BepxHsa dacThHa oyoTa

JUTs 3'€THAHHS 31 ITAHTAMU Ma€ CTaHAAPTHY 3aMKOBY KOHIYHY pi3b0y.
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Pucynok 1.5 - ByoBa TphOXIIapoOIIKOBOIO J0JIOTA

31 301IbIICHHSIM OOBOJHEHOCT! CBEPJIOBHH CTIMKICTh IIAPOMIKOBUX JOJOT
3HIKYEThCS. EQekTuBHUM 3aC000M IMiIBUINCHHS CTIMKOCTI JIOJOT B ITUX YMOBaX €
3aCTOCYBaHHS KJIAMaHiB PI3HUX KOHCTPYKITIH.

[Mpotununosuit knanan K/[-3 Oy 3ampomnonoBanuid [HCTUTYTOM T€OTEXHIYHOT
MexaHikd. Bix 40 mo 80% m00T BUXOIATH 3 JIaay depe3 3acTpsAraHHS Ta 3HOC OIOp
IpU  mpamne3gaTHoMy 030poeHHi. OJHAM 13 TEPCIeKTUBHUX NUISAXIB IIiBHIICHHS
Mpare3aTHOCTI OMOp € X MPUMYCOBE TIOCTIHE 3MAICHHS.

VY namt yac B Ykpaini po3po06aeHo OypoBuil 3HApAAI, 0 3a0e3Medye MoCTIHHE

IIPUMYCOBC IIOJAaHHA 3MaIllCHHA B OIIOPH Ta IIHMJIOIIOAABJICHHA BOJOI0, BUKHMIAHOIO B
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3aTpyOHuUil npoctip. PesepByap ans Boau o6'eMom 50 11 3a0e3meuye NocTiitHy poOoTy
O0ypoBoro BepcraTta npotiroM 35—40 roauH.

Takox OyB po3poOneHuii cnocid nogaHHs MacTuia 0 OMOp A0JO0Ta 33 PaXyHOK
MacJjoBIIOMBHOI BTYJIKHM, 10 BCTAaHOBIIOETHCS B ILEHTPAIBHOMY MPOIYyBaIbHOMY
KaHaJll jojora. Brynka 3a0e3neuye BUIAUIEHHS MAacTWA, HAsBHOI B MOBITPSIHOMY
MOTOII1, 1 HAMPABIICHHS HOTO JI0 OMOP J10J10Ta. 3aCTOCYBaHHS MacI0B1IOUBHOT BTYJIOK
MIJABULIYE CEPEIHIO CTIUKICTh aoioTa B 1,2-1,9 pasy 1 30U1blIye MBUAKICTD OYpIHHSA
Ha 11-20%

Pi3anbhi OypoBi nonora. bByB psij KOHCTPYKIIM pi3aiIbHUX JOJIOT [Jisi OypiHHS
CBEp/JIOBMH BepCTaTaMU IIAPOIIEYHOro OYpiHHS 3 MPOAYyBaHHSIM MOBITPsIM. B sikocTi
pi3aJbHUX €JIEMEHTIB JIJIl HUX BUKOPHUCTOBYIOTHCS 3HIMHI THUIIOBI Pi3Lli, YUCIIO SKUX
30UIbIIIEHE B TOPIBHSHHI 3 KOPOHKAMH JJI BEpPCTaTIB IIHEKOBOro OypiHHs. s
PO3MIIIIEHHS Pi3IIiB KOPITYCY MOMIOHUX 00T BUKOHYIOTHCS TPhOX- 1 HOTUPUIICPUMH,

110 JTIO3BOJISIE€ IOHU3UTH BiOpallii, 0 BUHUKAIOTh NIPU  OypiHHI.
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Pucynoxk - 1.6 Bynosa pizansHoro 6ypoBOro A0i0Ta
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1.4 IlocTayaHHsA BepCcTATIB Ta IX MOHTAK

Posrpyska BepctaTa Ha Kap'epi BAKOHYETHCS BIMIOBITHO 10 CXEMH 3aBAHTAXKEHHS
Ta pO3rPy3KH, PO3pOOICHOT 3aBOIOM-BUPOOHUKOM.

MoHTaxx BepcTaTa BUKOHYETHCS B TaKiil MOCI1AOBHOCTI:

a) miargopma 3 Ky30BOM Ta MEXaHI3MaMHU BCTAHOBIIOETHCS HAa T'YCEHUYHUU
XOJIOBUH MEXaHI3M Ta 3aKPITUTFOETHCS HA HHOMY;

0) BCTaHOBJIIOETHCA Ta KPIMUTHCS KaOiHA YNPaBIIHHS;

B) BCTAHOBIIFOETHCS IIOTJIM, J10 SKOT KPITUISATHCS IITOKH T1APOIMIIHAPIB MiTHOMY
Ta OIYCKaHHSI IIIOTJIN;

I') MOHTY€EThCS 00J1aIHaHHS (BEHTWIATOPHI YCTAHOBKH, (PuIbTpariiiina kaMmepa Ta
1HIIT1) Ta TOBITPOTIPOBOJIM CUCTEMU 30MpPaHHS TTHITY.

VYrpaBiiHHS BEpCTaTOM Y npoiieci OypiHHS BKIIOYAE: MIATOTOBY1 poOOTH, 301pKYy
OypoBoro craBa, OypiHHS, po30ipKy OypOBOTo cTaBa, 3aMiHy OypOBOT'O IHCTPYMEHTY.

[TigroToB4i poOOTH CKIIANAOTHCSI 3 OIepalii, HEOOXITHUX I MIATOTOBKHU
BepcTaTy J0 OypiHHS IiCIs BCTAaHOBJIEHHS MOro HaJ MiciieM OypiHHS CBEPJJIOBHHHU.
BoHU BUKOHYIOTBCSI B TaKii MOCIIJOBHOCTI.

VYBIMKHEHHSI HACOCIB T1IPOCUCTEMHU. Y BIMKHEHHS KOHTPOJIOETHCS 32 CIaaXxoM
3€JICHMX JIAaMIIOYOK HaJ, KHONKaMHM YBIMKHEHHS HacociB. BenuumHa Tucky B
TIPOCHUCTEM] BHU3HAYAETHCSA 3a IMOKA3HUKOM THCKY, BCTAHOBJICHHMM Ha ITYJbTI
yIpaBJIiHHS.

VYBIMKHEHHS KJIallaHiB KEPYBaHHSA T1IPOIOMKpaTaMu 3a0e31euye ropu30HTaIbHE
PO3MIIICHHSI BEpCTaTy, MPH I[bOMY CIOYATKYy BEPCTAT MiAHIMAIOTH 32 JOTIOMOTOIO
3aIHBOTO JOMKpaTa, a TMOTIM TOPU3OHTYIOTH JBoMa mnepeaHimMu. HeoOximHO
CIIJIKYBAaTH 32 THM, 100 OMOPHI TUTMTH TiPOIOMKPATIB TPUTPUMYBAJIUCS 10 TPYHTY
BCI€I0 TIOBEPXHEI0. 3a MOTpeOW TMOBEpPXHs MIATPUMKH TMOBHHHA OyTH BUpPIBHSHA.
[TpaBUABHICT, TOPU3OHTYBAHHS MAIIMHHA TIEPEBIPSIETHCS 3a nomomororo Bici. [Ticms
3aBEpIIEHHS  TOPU3OHTYBaHHS  Bara  BepcTrara  TOBMHHA  MPUAMATHCS
TIPOJOMKpATaMHU, IPU IbOMY OMOPH1 KATKU I'YCEHUYHUX BI3KIB TOBUHH1 OyTH M1AHSATI

HaJl HOKHIMH TUTKaMU TYCEHUIIb.
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SIKmio mijx Yac mepeMillleHHs BepcTara Iorja 3HaXOAWjach y TPaHCIOPTHOMY
MOJIOKEHH], MAIIMHICT YBIMKHEHHSIM KJallaHa KepyBaHHS BCTAaHOBIIOE WIOTIY Y
BEPTUKAJIbHE TIOJIOKEHHS Ta 3aKkpimntoe ii. [Ticig uporo mjorna 3a norpedu Moxe 0yTu
BCTAHOBJICHA y HAXWUIII.

[IpuitmanbHUI KOHYC NpUiiMaya MUy BCTAaHOBIIIOIOTH Ha IPYHT. [Ipu nupomy ciia
JOMaraTucs MakCUMaJIbHO MOXKJIMBOI HIUTBHOCTI MPUJISITAHHA KOHyCa Ta 30HTY JO
IPYHTY.

[lepen moyaTkoM OypiHHS MaIIMHICT OypOBOTO BepcTaTa MOBUHEH MEPEKOHATHUCS
B BIJICYTHOCTI J1IepeKTiB y OypoBOMY 1HCTPYMEHTI (IITaHTU Ta J0JIOTaxX), a TAKOX
NepeBIpUTH, UM HE 3a0WTi KaHAIH ISl TPOTYBKU. Y BUNAJKY NOTPAIUITHHI Opyny y
KaHAIH JUIsl TIPOJNYBKH, BOHH OOOB'SI3KOBO TOBHMHHI OyTh mpouwmmieHi. [lapomku
J07I0Ta TIOBMHHI BUIBHO Ta IUIABHO OO0EpTaTHCS Ha CBOiX omopax. Y BHITAJIKY
3acTpsITaHHs MAPOIIOK iX OIIOPH CJIiJ MPOMHUTH KEPOCUHOM. [Ipu BUSBICHHI Ha TOJIOTI
nedexTiB, JIKBigalis SKUX Oe3rmocepeaHbO Ha BEpPCTaTi HEMOXKJIWBA, HEOOXITHO
BIAMPABUTHU JI0JIOTO /10 MEXaHIYHOI MalCTEpHI AJs iX YCyHEHHs abo Ha CKiaja Ajs
OpeqsiBJICHHS TIpeTeH31d 3aBoay-BUpOOHMKY. Ilepen BcTaHOBIEHHSM J0J0Ta
HEOOXITHO PETEIILHO OYUCTUTH Ta 3Ma3aTH pizb0y. J[0I0TO 3aKpydy€eThCs 10 TOBHOTO
3aKpirIeHHs pi3b0oBoro 3'eqHanHs. [Ipu cmycky monora B mpoOypeHy CBEPAJIOBHHY

CJIJT YHUKATH yAapiB.

1.5 3a0yproBanHs Ta OypiHHS CBePIJIOBUHU

[lepen omepartieto 3a0ypeHHS OCh MIMUHJCIS TMOBHHHA OyTH 30iratucs 3 0CCIO
MalOyTHBOI CBepAsioBMHU. [lOTIM BMHKalOTh OOEpTaHHSA IIMHHACNS Ta MOJady
CTUCHYTOTO TIOBITPS, TICIAS YOr0 JOJOTO TOBLIBHO MIABOAUTHECA 1O 3a0070.
3a0yproBanHsa 0e3 moja4yi CTUCHYTOTO MOBITPs 3a00poHseTbes. [Ipu 3a0yproBaHHi B
mopoAax, SKi TPICKAIOTBCA Ta OOBANIOIOTHCA, CIiJl 0OaraTopa3oBo 00pOOISITH
CBEp/UIOBUHY, MIJHIMAIOYU Ta OIMYCKaloud OYpOBUN 1HCTPYMEHT 3 OOEpTaHHSIM Ta

HETMEePEPBHOIO MO1aUECI0 MOBITPSI.
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[lin yac OypiHHS MAIIMHICT MMOBUHEH KOHTPOJIIOBATU NapaMeTpu Mpolecy
OypiHHS, a TakoX poOOTy BCiX arperaTiB Bepctata. OceBe 3ycwiuis Ha 3a0iif
PETYIIOETHCS 32 JOTIOMOTOIO T1APOAPOCETIS.

Moro BenmuuMHA KOHTPOIIOETHCS 33 MOKA3aHHAM €IeKTPOMEPEKEBOr0 NPHIIay,
1IKajga sKOro BinkamiOpoBaHa B TOHHaX OChOBOro 3ycwiuisi. Yacrora oOepTaHHA
OypoBOro CTaBa BCTAHOBIIIOETHCS OOEPTAHHSIM PYUYKH PETYIATOpPA LIBUIKOCTI.
KoHTpomntoeTbes yactora o0epTaHHs 3a BOJIbTMETPOM, LIKaJla sIKOTO BiAKaIiOpoBaHa B
00/xB. MexaHi4Ha MBUAKICT OYpiHHS BU3HAYAETHCA JIJISl 3a1aHUX KOHKPETHUX YMOB
OypiHHS (OCHOBUM 3YCHJIJIIM Ta YacTOTOIO OOEpTaHHs) Ta KOHTPOIIOETHCA 3a
MOKa3aHHSAMH BOJIbTMETPA (HaTUMKA MIBUIKOCT1 OypiHHS), OJTHA TIOI1JIKA KA SIKOTO
BIJINOB1/Ia€ MEXaHIYHI! MBUIKOCTI OypiHHS 1 M/TOS.

CTpyM HaBaHTa)KEHHS JBHUTYHa OOEpPTAJIBHOTO TMPHUCTPOI0 BU3HAYAETHCS
napaMeTpaMH Mpolecy OypiHHS Ta KOHTPOIIOETHCS 3a TIOKa3aHHAMHU aMIIepMETpa.

Kpim pnorpumanHs mapaMeTpiB Iporiecy OypiHHS HEOOXIIHO 3a IMOKa3aHHSIMU
BIJIMOBIIHMX TPUJIAIB KOHTPOJIIOBATH POOOTY BCIX arperaTriB BepcTata: poOOTy
KOMITpecopa 3a MOKa3aHHAMH MPUIAIiB (TUCKY Maclia B CHCTEMI 3MallleHHs, TUCKY
MOBITPSL Ta TEMIIEPATypH Macja) Ha IIUTKY, BCTAHOBJIICHOMY B KaOiHI yIpaBiIiHHS,
po60TYy KOpOOKH Iepenad poOovoro opraHy 3a MoKa3HHUKOM JaTYMKa THCKY Macia B
CHUCTEMI 3MalleHHs; pOOOTY TIPOCUCTEMH 3a TTOKa3aHHIMH MaHOMETpa.

Temneparypa macina B 0aky KOHTPOJIOETHCS PO3TAIIOBAHUM y 0aKy NaTYMKOM
TEMIIEpaTypH, CUTHAII 3 SIKOTO MOJAETHCS Ha BKAa31BHUK TEMIIEpaTypH, BCTAHOBICHUN

Ha MYyJbTI YIPaBIiHHS.

1.6 OcobauBocTi mpouecy OypiHHSI HAXMJIEHUX CBEPIJIOBUH

Jlist OypiHHS HAXWUJICHUX CBEPJUIOBHH HA BEPCTATI ICHYIOTH CTEIiIbHI MPUCTPOI
- JIIOHETH, SIKi YTPUMYIOTh OypOBUYW CTaB B HaXWJICHHM TNOJOKeHHI. KoHCTpyKIIis
OTIOPHUX TUIAT JOMKPATIB CIPHUSE XOPOIIOMY 3YCIJICHHIO BepcTaTa 3 IPYHTOM Ta

YTPUMAaHHIO HOTO BiJl 3CYBY.
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HeoOxiqHo BiA3HAYUTH €K1 TEXHOJOTTYHI TPYAHOIIl HAXUJIEHUX CBEPAJIOBUH.
VY mpotieci OypiHHS CBEpIOBUHA MOKE BIIXWISATUCA BiJ 3aJlaHOr0 HampsiMKy. Kpim
TOT0, B HAXWJICHUM TOJOXKEHHI IITaHra OTPUMYE MEBHUU MPOTHH, IO TPU 3HAYHIN
4acToTi 00epTaHHS MOKE BHKJIMKATH BiOpalito OypoBoro craBa Ta BepcTara. Bunus
HaXWJICHUX CBEPAJIOBUH OUIbII IHTEHCUBHO 3pPYIIYETHCS MOPIBHSAHO 3 BEPTUKAIBHOIO.
Bucoxka gactota 06epTaHHS MAPOIIKOBOTO OJIOTA B JAHOMY BUMAJIKY € HEOaKaHOIO.

[Ipu mpoBeneHH1 3aTAryBaHHI pi3bOOBUX 3'€IHaHb OypOBOTO CTaBa HEOOXITHO
CIIIKYBaTU 3a THM, 100 Pi3b0M 3'€THAHUX IITAHT HE 3CYBAJIUCS BIJHOCHO OJWH
OJIHOTO OUIbIIE HIXK Ha 5 M 1 1100 IITaHra He BIUpaiacs B KaceTy.

[Ipu mpoBeneHH1 po30UpaHHI CTaBa JIM3KHU IITAHTH MMOBUHHI OyTH MapaielbHi
niesenam BiaBoAy kaceTu. CriBnaiHHS ocell OypoBOTO CTaBa Ta BIAMOBIIHOI THI3A
KaceTH BHU3HAYAETHCA 32 PU3MKAMU Ha HWKHBOMY CEKTOpi. 3HATTS HANpyrd B
pi3b0OBUX 3'€/THAHHAX IITAHT BUKOHYETHCS MEXaHI3MOM 3aTATYBaHHS. 3a00pOHSETHCS
JUTSI IIbOT'O BKIIFOYATH PUBKAMU NMPUBIIHUN enekTpoaBuryH. [Ipu omyckanHi BepTitora
JUTSL MOTO TIPUEHAHHS [0 HACTYIHOI IITAHTH HEOOXIIHO CIIJKYBAaTH 32 CBOEYACHUM
BIJKITIOUEHHSAM JIe011KH, HE TOMYCKal0UX MPOBUCAHHS MITHOMHOIO KaHaTa.

JI;1s1 3aMiHU TOJI0TA Ha BepCTaTax BCiX THUINIB IepeadadeHi creliaibHi TPUCTPOI.
ITicnms ycTaHOBKM 1 3aKpillJIEHHS B TMPHUCTPOI, JOJOTO BiJI €THYETHCSA CIIOYATKY
TUIPOKIIFOYEM, a TMIOTIM TPHUBITHUM E€JEKTPOABUTYHOM. 3aTATyBaHHS JI0J0Ta 3
KIHIICBOIO IIITAHTOI0 BHUKOHYETHCS ii 0OCPTaHHSAM BiJ IMPHUBIIHOTO €JIEKTPOJBHUIYHA
MIPU HEPYXOMOMY JIOJIOTI.

VYrpaBiiHHS BEpCTATOM il Yac Mepei3ai: mepiior Ta 00OB'SI3KOBOIO YMOBOIO,
AKy HEOOXITHO BHKOHYBATH IPHU IATOTOBIII BEpPCTAaTy A0 MEPEi3ay, € KpIMUICHHS
KaCceTH JIO IIOTIIU 3a JOIIOMOTOI0 MEXaHi3My OJIOKYBaHHS, a TAaKOX HafdiiHa (ikcarris
BCIX INTaHr B 3aMKax KaceTH. [lepen mouaTKkoMm mepecyBaHHsA BepcTaTa HEOOXITHO
MEPEBIPUTH: UM IITHATI OMOPHI JOMKpPATH Ta Kamepa JjIsl 300py Ty CUCTEMU 300Dy
MUY B BEPXHE TOJIOKEHHS, a TAKOXK 49X 3a0JJOKOBaHA Ta HA JOCTATHIO BUCOTY IITHSITA
KiHIICBa IIITaHra; HATUCKAHHSIM KHOIMKH HAa TMOPTATHBHOMY IIYJbTI YIPaBIiHHS
MepeBipTe: MOKIUBICTH MPSMOTO Ta 3BOPOTHOTO X0y I'YyCEHUIIb: BIICYTHICTh TPIIIUH;

MOBOPOTH BepcTaTa BIOpaBo Ta BiiBO. [licisi IbOro MoKHA pyXaTHUCs Y BUSHAUYEHOMY
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HalpsIMKY, KEpyIOud pyXOM BepcTata 3a JONOMOIOK MMOPTATUBHOIO MYJIbTA

YIPABIIIHHSL.

1.7 Joruisig 3a OypoBUM BepCTATOM

JI7ist mpaBUIIbHOT eKcIUTyaTallli BepcraTta He0OXiJHO 3HATHU MOro KOHCTPYKIIIO Ta
NpU3HAYEHHS OKpEeMHUX MexaHi3MiB. Bci BUMOTM 10 YIpaBIliHHS, DPETYyJTIOBaHHS,
3MalllyBaHHS Ta OOCIYrOBYBaHHs BepcTaTa TMOBHHHI BHUKOHYBAaTHCS PETENBHO Ta
BYACHO.

[lepen 3amyckom BepcTaTa HEOOXIAHO: MEPEBIPUTH HAMIMHICTH KPITUICHHS
OKpEeMHX MEXaHI3MIB MDK €000 Ta 10 TIarGopMu; HaJATYyBaTH HAIMPYTy
TYCEHUYHUX CTPIYOK, POOOTY rajbM MPHUBOIY I'yCEHUIHOTO XOJOBOTO MEXaHI3My Ta
71e611Ku 1 poOOTY T1APaBIIYHOTO MAaTPOHA; MEPEBIPUTH HASBHICTH Ta pPiBEHb Macliia B
peaykTopax, y Oami Ta HaIIHHICTh 3aTSHKKH HINETIB Ta 3'€IHYBAIBHUX TailoK
TiIPOCUCTEMH; 3MACTUTU BCl MACISHKH 3TiHO 3 MOKaXYMKAMHU IO 3MAaIllyBaHHIO;
NEepPEeBIpUTU KPITJICHHS KaHaTa 0 BEPTIIOry Ta OapabaHy J1eOiIKH; a TaKOX CTaH
eJIeKTPOoOOaHAHHS Ta TPaBUJIBHICTh HAMpPABJICHHS OOEpTaHHSA EJIEKTPOJBUTYHIB
Bepctara. [licias BUKOHaHHS BCiX BKa3aHWX BHUMOTI MOKHA MEPEUTH 1O 3alycKy
BEpCTary.

VYropaBiiHHS BepcTaToM B TMPOIECi eKCIUTyaTalii TMoJsirae y YBaXHOMY
CIIOCTEPEKEHH] 32 pOOOTOI0 OKPEMUX MEXaHI3MIB Ta 3a MOKa3HHUKAMU KOHTPOJIBHO-
BUMIPIOBAIBPHUX TPWIAIiB. BUsSBIEHI HEHOPMAIBHOCTI y POOOTI MEXaHI3MIB CIIiJ
HEralHO YCYHYTH; HEOOXIJHO CTEXXHUTH 3a TEMIIEpaTypolO OJMBH B PEAyKTOpax Ta
TiIpaBIiYHIA CHCTEMI, a TAaKOXK 3a HarpiBoMm migmunHuKiB; Tpeba cmocrepiratu 3a
BCiMa 3'€THAaHHSIMU T1APOCUCTEMH, HE JIOMYCKAaIOUM B HUX BUTOKY OJIMBH, a TAKOX 32
poOOTOI0 TOPU3OHTYIOYHMX TIAPOUMIIIHAPIB, TICHS 3YMUHKH BepcTaTa HWOTO CIif
OYUCTUTU BiA Opyay, MUy Ta OJUBH, a B3UMKY (IIpM HU3BKUX TeMIIepaTypax)

BiJIKa4aTH OJIUBY 3 T1APOCUCTEMH Ta KOMIIPECOPIB.
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1.8 Onuc enekTponpuBoOIy

CraHOK XUBUTHCA EJIEKTPOCHEPrI€I0 BiJl HU3BKOBOJBTHOI MEPEXl 3MIHHOTO
ctpymy Hanpyrotro 380 B abo BucokoBosibTHOI Mepexi Hampyroio 6000 B 3a
JOTIOMOTOI0  THYYKOro kabemo. Bepcratn 1mapomkoBoro OypiHHA MaloTh
0aratoJBUTYHOBI MPUBOJU. 3arajbHa BCTAHOBJIEHA MOTYXHICTh €JIEKTPO0OIIaJHAHHS
Bepctary CBIII-250MH cranoButs 61au3bko 400 kBt. Bepctar mae ronoBHuii npusin
00epTaJIbHOr0 MEXaH13My MOTYKHICTIO 68 KBT.

JUiss KUBJICHHSI €JEKTPOJBHUTYHA OOEPTaTbHOTO TPUCTPOI0 Ta I TMPOIYBKU
CBEPJIOBUHU MOBITPSIHO-BOSHOIO CYMIIIIITIO 10 00€pPTaIbHOTO MEXaH13MY IiJIBEACHO
TIPASHY 3 CJICKTPUYHUM KaOesieM, MOBITPSHUM 1 BOJSIHUMHU I1aHTamMu. [IporuHaHHs
Ta TOUIKO/KEHHS TIPJISHIMA NpPU OMYyCKaHHI Ta MiAHOMI 00epTaJbHOIO MPHUCTPOIO
YCYBA€ThCS CHCIHIaJbHUM HATSHKHUM  MEXaHi3MOM, KiHETHMYHO 3B'SI3aHUM 3
MexaH13MoM Tojadi. Enekrpoenepris 10 BepcTaTy MOJAEThCS THYUYKUM KabeleM Bij
HU3BKOBOJIBTHOI MEpEeKi 3MIHHOTO CTpyMy Harnpyror 380 B.

[TpuBing 06epTambHOTO MEXaHi3My OCHAIIEHW JBUTYHOM 3MIHHOTO CTPyMY.
JlocuTh MIMpOKE MOMIUPEHHS OTPUMAB ACMHXPOHHUN JBUTYH 3 KOPOTKO3aMKHEHUM
potopom. [IpuBia mogayui OypoBOoro iHCTpyMEHTa 31HCHIOETHCS T1IPOCUCTEMOIO, SKa
MICTUTh JBUTYHM MACTWJIBHOI CTaHIlli. Armaparypa YHOpaBIiHHS, 3aXHCTy Ta
CUTHaTI3aIll CKJIaJIa€ThCsl 31 CTaHII yMpaBIIiHHSA, MAaHENI aBTOMATIB Ta ITyCKadiB
MyJIbTa YIPABIiHHS, TIOCTA YIPABIIHHS, BAHECEHOTO MyJIbTa yIPABIIHHS.

Ha Bcix BepcTaTax € 30BHIIIHE Ta BHYTPIIIHE OCBITIEHHA. {711 peMOHTHOTO
OCBITJICHHSI € TIOPTaTHBHA Jamma Ta aBi po3eTtku. Tpanchopmartop TV1 tumy TC3—
4/0,5 ciyxuTh 175 KUBJICHHS Hampyroto 220 B maHOK ympaBiiHHS Ta OCBITJICHHS
BepcTaTa, a acuMetrp AC aBTOMaTHYHO BIIKJTIOYA€E BBITHUI BUMHUKAY TP OTHO(DA3HUX
3aMHUKaHHAX Ha 3emuto. [lomaua KUBIEHHS B JIAHKWA YNPABIiHHA 3IMCHIOETHCS
aBToMaTHYHUM BUMHUKaueM QF3, migKIiOueHHS TOTYXXHUX EJIEKTPONpPUNMAYiB 0
Mepexi Hanpyrowo 380 B — Bumukauamu A3712, A3114, AII50-3M. BcraHoBieHa
MOTYKHICTh HOTYXHOTO €JeKTpooOaagHaHHs ckianae 386 kBt. Tpu xuiam rHydkoro

kabemo KPIIK 3x150 + 1x50, mo momarote Hampyry 380 B, mpueaHyroThes 110
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Ka0eNnbHOTO BBOJY BEpCTaTy, a 4eTBEepTa 3a3€MIIIOI0YA JKWIAa - A0 MOro KOpIycy.
Beinnuii aromarnunuii BuMukad (QF1) tuny A3712 mae enekTpoMarHiTHUNA TPUBI,
110 J03BOJIE€ KepyBaTH HUM 3 KaOiHM MamuHicTa. Ha BepcTaTi € TpH MyJbTH: MYyJIbT
yIPaBJiHHS MPOLIECOM OYpiHHS — OCHOBHUH, MyJbT YIPABIIHHSI KOMIIPECOPOM 1 YJIT

ynpasiiHHs xonoM. [ladu ynpaBiaiHHS po3TalioBaHi B MAIIMHHOMY BIIIUICHHI.

2 PO3PAXYHKOBA YACTHHA

2.1 Bubip nBuryHa npuBoja Bepcrara

HeoOximgHa mOTYXKHICTh MPUBOAY HAcoca BepcTaTa BU3HAYAETHCA MIISTXOM

PO3paxyHKy HAaBaHTAKEHHS, 1110 CTBOPIOETHCS HA BAITy IBUTYHA, BUXOSYH 3 POpMYIIn:

p= K7 QH 155 (pm)
21, , 2.1)

ne Q — mpoxykTHBHICTH Hacoca, m’/c; H — Hamip Hacoca, M; k — koedimieHT
3amacy; y — mmToma Bara pimmau, H/M?; ha, hn — Bigmoimno KKJI nacoca 1

Nepe1aBaJbHOTO MEXaHI3MY.
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OckUIbKH 3aBOJOM-BUPOOHHKOM HAJIA€THCSI MEXaHIYHA XapaKTepUCTHKA Hacoca
UNIGLIDE SDCB 400/50 (puc. 2.1), To MO»XHa 3HaiiTh BC1 HEOOXI1/IH1 3HAYCHHS IS
PO3paxyHKy MOTY>KHOCT1 MPUBOTY.

CLYDEUNION KPMBA EKCNNATYAUINMHWUX XAPAKTEPHCTHK
SDCB 4007500

- —
== oo | ' =
(2] B - 2 ' |5.c. = 0.848
T
@l L i = " . N . S N S S —
| ™~ |
(] Pt 4—t——|—
P ] ™
— 2] S — ; N
L] )
§ sl L S L\
= 52 - | ,\.‘
= | R
50 i =i A !
| A T
a8 = i d \ S -
a0 | 4 - - ‘ b
M ; | [ N
- . - 1 1 555 — 3 !
oL l ! ! n I' | ) T
= o 00 0 00 D03 1000 1200 1400 1600 3800
BUTpaTa (s

Pucynok 2.1 KpuBa ekcrutyaTaiiiHuX XapaKTepUCTUK HACOCY THUITY

UNIGLIDE SDCB 400/50

Jlnst mpukiamy TpaHCIOPTOBAaHOI PEYOBHMHHU Bi3bMEMO OEH3MH, MHUTOMAa Bara
sskoro nmpubauzHo 7000 H/m3, koedirienT 3amnacy npuitmaemo 1,3. OCKiIbKH MU MaEMO
MexaHIuHy xapakTepucTuky Hacoca, KKJI Hacoca 3a macmopTHUMH JaHUMH CTAHOBUTH
0,85%, KK/I nepenaui — 0,98%. Takum 4MHOM, MOTY>KHICTb TPUBOLY PO3PAXOBYETHCS
3a GOpMYJI0IO:

p 2137000-0,41650

, 1072 = 234xBm
0,85-0,98

2.2 Po3paxyHoOK nmapaMeTpiB cXeMH 3aMilllcHHS

Po3paxyemMo mapamMeTpyd aCHHXPOHHOI'O JBHUIYHA JIJI1 MOJCIIOBAaHHS 3a
BUXITHUMU JaHUMH, B3ITHUMH 3 JTOBiIHKKa [1].
BxigHi naHHi:
1. Tum nByryna: 4A280S6 Y3

2. HomiHanbHa moTyxHicTh apuryna (P): 75000 Br



. Hominaneuwuii cos¢ : 0,89
. Hominansauit KK/I: 0,92

. Hucno nap nosocis (p): 3

~N o o1 b~ W

. Hominaneue xos3anns (S): 0,02

. HominanbHa Hanpyra (U): 380v

BinHocH1 napameTpu 1o JA0BITHUKY 4A:

. Xp=3,7
.R'1=0,032
.R"2=0,021
. X'1=0,12

. X"2=0,13

g B~ W N -
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Po3zpaxyHok mapaMeTpiB cXeMH 3aMIIIEHHS JBUTYHa BHUKOHYEMO 3a

normomororo nporpamu MathLab.

Buxingni ganHi:
Koedimientn momeni:
1. K1=66,3074
2. K2=1333,9419
3. K3=849,3422
4. K4=0,03012

Po3paxoBani napameTpu:
1. Lm=0,0186
2. Rs=0,0489

5. K5=1,62243
6. K6=4,356
7. K7=822,182

6. Lsh=0,00118
7. Lrh=0,00118
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3. Rr=10,0311 8. Ks=0,970
4. Ls=0,0192 9. Kr= 0,968
5. Lr=0,0192

2.3 Po3po0/1eHHsI CCTEMHU KepyBaHHSA €JIeKTPONPHUBOIOM

Jlns mmpokoaiana3oHHUX MBUAKOAIFOUYMX MPUBOJIIB HEOOX1THO 3aCTOCOBYBATH
CTPYKTYPY BEKTOPHOTO KEpyBaHHs a00 mMpsMe KepyBaHHS MoMeHToM. HaiOimbin
pavKaIbHUM HAMPSMKOM YJAOCKOHAJCHHS TPHUBOJA OOCPTAIBHOTO MEXaHi3MY
OypoOBOro CTaHKa € BHUKOPHUCTaHHS BEKTOPHUX CHCTEM KEpyBaHHS YaCTOTHUMH
NPHUBOJIAaMUA 3 ACUHXPOHHHUM JIBUTYHOM. Y BEKTOPHIM CHUCTEMi CKJIaJ0BI CTPyMY
cratopa (il, 12) nBUryHa, OpiEHTOBAaHI 32 BEKTOPOM MOTOKO3YEIUICHHS, BU3HAYAIOTh
BiJIMIOBITHO BEJIIMUMHY MOJYJS TOTOKO3YCIUICHHS 1 MOMEHTY, IO PO3BHBAETHCS
nBuryHoM. CucreMa BOJIOJI€ BHCOKMMH JMHAMIYHMMH TOKa3HUKaMH Ta HaJaae
JIBUTYHY 3MIHHOTO CTPYMY BIACTMBOCTI, AQHAJOTIYHI BJIACTHBOCTSIM TMPUBOJA
MOCTIHHOTO CTPYMY B MEPEXITHUX 1 YCTAICHUX PEeKUMaX, 1 JI03BOJISIE B MOBHIN Mipi
BUKOPUCTOBYBATH TEpEeBaru acHHXPOHHOTO ABUTYHA. ParioHanbHa 3 TOYKH 30Dy
TEXHIYHOI peanizallii, cuctema BekTropHoro kepyBanHs CBK Mae sik onmopHMiA BEKTOp
T'OJIOBHOT'O IMMOTOKO3YETUICHHS, 10 3a0e31euye Kpalllli eHepreTUYH1 MOKa3HUKH.

VYci 61oku aHanoroBoi cuctemu BekTopHoro kepyBanus (CBK) peanizytorbes Ha
onepaniiaux miacuiaoadax (OIl) 1 MuHokuibHUX Komipkax. Lli enemeHTH MOXYTh
Oytn cTBOpeHI Ha 0a31 IHTErpajJbHUX MIKPOCXEM IIUPOKOTO 3aCTOCYBAHHS:
iHTerpanpHuX migcwioBadax K153, K140 i1 mepemuoxxyBauax K525 (K159) ab6o
YBCP-AL

BuxoprcTtaHHS MIKpOTIPOIIECOPHOI TEXHIKM JO3BOJIAE€ IIABHUINUTH SIKICTh
KepyBaHHS 3a paxyHOK peaizallii CKJIaJHUX 3aKOHIB KepyBaHHS (iHBapiaHTHICTb,
CaMOHAJIAIITYBaHHS, ONTUMI3aIis, aganTailis). Mikpompoiecop BUKOPHUCTOBYETHCS
JUISL  peaizallii peryiasTopiB MOJOXKEHHS, CTPyMY, IIBHUIKOCTI, JJsi MPSIMOIO
uu(ppoBOro KepyBaHHS MEPETBOPIOBAYEM YACTOTH, JJII KOHTPOJIO 1 JIIarHOCTUKHU

CTany CICKTPOIIPUBOAY. OI[HaK BIIPOBAIKCHHS CHCTCM ABTOMAaTH4YHOI'O
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MIKPOIIPOLIECOPHOIO KEPYBaHHS IMPOLIECOM OYpiHHS CTPUMYETHCA BIJCYTHICTIO Ha

MOBEPXHI JOCTOBIPHOI 1H(pOopMaIlii mpo 3a01ifH1 mapaMeTpH.

Henpsima orinka 3a HA3eMHUMH ITapaMETPaMH YacTO Ma€ HAJITO BEJIUKY MMOXUOKY.
Kpim Toro, mBHIKOIIS Cy4aCHHX MIKPOIPOIECOPIB Ma€ piBEHb, IO OOMEXKYe
MO>KJIMBOCTi BUKOPHCTAHHS.

BekTopHi cucTemMu npaloTh 3 y3araTbHeHUMH BEKTOPAMH Ta iX IPOESKIiIMHA Ha
OpPTOTOHAIBHI OCi. Y3araibHEHi BEKTOPU JO3BOJISIIOTH CIIPOCTUTH CHUCTEMY DPIBHSHB
ACHHXPOHHOTO JABUTYHA Ta MPOBOJUTH OOUMCIICHHS 3 X MPOCKIIISIMHU SIK 3 CKAIAPHUMHU
BeIMYMHAMH. bBiTbIIICTh BEKTOPHMX CHCTEM KEpyBaHHS BKIIOYAIOTh Yy cebe
TPUTOHOMETPUYHI Ta (a3oBi NepeTBOproBavi. TpUTrOHOMETPUYHI MEepPEeTBOPIOBaYl
3MIIACHIOIOTH TIEPETBOPEHHS TPOCKIIIH Yy3araJbHEHHX BEKTOPIB 3 OAHIEI CHUCTEMH
KOOpDJMHAT B IHIIYy CHCTEMY KOOpIWHAT. 3a3BHUYail OJHA CHCTEMa KOOpIWHAT €
HEPYXOMOIO 1 TOB'SI3aHa 31 CTAaTOPOM, a IHIA CHUCTEMa KOOPAMHAT O0EpTaETHhCS
CUHXPOHHO 3 BUOpaHUM OMOPHUM BeKTOpoM. Da3oBi mepeTBOpIOBaYl NEPETBOPIOIOTH
TphoX(pa3Hy CUCTEMY CTPYMIB 1 HAIPYT B ABOX(a3Hy CUCTEMY, a TAKOXK 3I1HMCHIOIOTH
3BOPOTHE MEpPETBOPEHHs. [ mpoekiii y3araibHEHOro BEKTOpa CTPyMy cTaTopa
NEPETBOPEHHSI 3 HEPYXOMOi CHUCTEMH KOOpPJAWHAT 0-f B CHCTEMY KOOPAHHAT IO

obepraerbes 1-2 3M1CHIOETHCS 32 PopMyIaMu:

Iy =1, cosy+1,siny,
I, =1 c08y — 1, siny,

S

(2.1)

JI€ Y - KyT MOBOPOTY CUCTEMH KOOPAMHAT 110 O0EPTAETHCA BIIIHOCHO HEPYXOMOT1
CUCTEMH.
[lepeTBOpEHHS IPOEKIIiil 3 CUCTEM KOOPAMHAT, III0 00EPTAIOTHCS 1-2 B HEPyXOMY

CUCTEMY KOOPAUHAT 0-f3 31HCHIOETHCA 3a (hOPMYIIaMU:
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Isazlslcos;/—lszsiny,}

ls=1gsiny+I;,cosy. (2.2)

JIist Hampyr 1 CTPYMIB CTaToOpa MpHU BKIIIOYEHH1 JBUTYHa B "31pKy" mepexia Bij
TpbOX(pa3HOi cHUcTeMHU 10 JBOX(PA3HOI CHCTEMH 1 HaBMAaKU 3I1MCHIOETHCS 3a

dbopmynamu:

(2.3)

[Tepexin Big nBox¢a3zHOT CHCTEMHU 10 TPpbox(ha3HOT BUKOHYETHCS 32 JOTIOMOTOIO

HACTYMHUX HOPMYIT:

UA_Usa’

1 J3
U,=—-u, +>2u,,,
B 2 sa 2 sp

1 V3
U.=--u, -2u,,
C 2 sa 2 sp
IAZISa’

N T
="l t 2 sp
Y V3
cC~ 5 sa_z sp

(2.4)
3a3Buyail cucTeMy KOOPIHMHAT, IO OOEPTAETHCSA OPIEHTYIOTH 32 BEKTOPOM
MOTOKO34YETIEHHS poTopa. DyHKITIOHATBHA CXeMa EJIEKTPOIIPUBOIA B IIOMY BUMAIKY
Ma€ HaWMEHIy KUIbKICTh TEPEeXpEeCHUX 3BSI3KIB, a BUpa3ud IS BU3HAYCHHS
00epTOBOr0 MOMEHTY Ta MIBHUAKOCTI BITHOCHO TpocTi. [Ipu 1iboMy HaMOIBIT MPOCTO
3MIACHIOETHCS PETYTIOBAHHS IIBUAKOCTI Mpu cTabiIi3aIii MOTOKO3YETIIEHHS POTOpA.
PiBHSIHHS ~KOpPOTKO3aMKHEHOTO AaCHHXPOHHOTO E€JEKTPOJBUTYHa, B CHCTEMI
KOOPAMHAT, 10 00€pTa€ThCS 31 MIBUAKICTIO BEKTOPA MOTOKO3YEIIICHHS! pOTOPa, MAlOTh

BUTJISI;
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d, ., d¥,_ ,
U, = d:l L, +K, o —IsZLSO)WJrRslsl,
dl, ., ,
U, = it L+ |51L503W + Kr‘PrmmW +Rl,,,
Ozd\Prm +& rm_lsl LmRr'
dt L L

r

Rer
0:B\Ijrm _L—ISZ'

r

(2.5)
e p=o,-po

BexTopHa miarpama npezictaBieHa Ha pucyHky 2.2. IIpoexiisi y3zaraibHEHOTO
BEKTOpa cTpyMy ctatopa Is Ha koopauHatHy Bich 1 (Is]) BU3HAYa€e MOTOKO3UECTIIICHHS
poropa. Ilpoexiis y3araapHEHOTO CTpyMy crtatopa Ha Bick 2(Is2) Bu3Hauae

€JIEKTPOMArHiTHUN MOMEHT JIBUTyHA. TakuM YMHOM, Y BEKTOPHIM cHCTeM1 KepyBaHHs

MOJKIINBC OKPEMC KCPYBaHHA MAarHiTHUM ITOTOKOM 1 O6€pTOBI/IM MOMCHTOM

Pucynox 2.2 BektopHa ngiarpama
Cucrema KepyBaHHS MOBHMHHA CTa0LTI3yBaTW MarHiTHUW CTaH JBHUTYHA, OTXKE,

Y

MOTIK POTOpa * ™ 1 CTPyM s Jlnst BupimeHHs 1i€i 3ama4i piBHSAHHS POTOPHOT JIAHKU

CUCTCMHU MOJXHA IIPCACTABUTH Y HACTYIIHOMY BI/IFJ'ISII[iI

L L (2.6)

ISZ
L (2.7)
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3 piBHsIHHS (3.6) BUILTUBAE 3aKOH (POPMYBAHHS CTPYMY la:

1
Isl = L_ Yim:
. 2.8)
I3 piBHHHHSI KPYTHOI'O MOMCHTY CUCTCMH BUIIIMBAE€ 3aKOH (I)OpMYBaHHH CTpyMy

|52

__2 M
mpKr l//rm. (29)

s2

PiBusaus (2.7), (2.8) 1 (2.9) € ocHOBOW0 Ist MOOYJIOBH BEKTOPHOI CHCTEMH
KEpPYBaHHS TPUBOJIOM 3 OpIEHTAIIEI0 3a MOTOKOM poropa. CTpyKTypHa cxema

BEKTOPHOI CUCTEMHU KEPYBaHHSI €JIEKTPONPHUBOJIOM IIPE/ICTaBlIeHa HA PUCYHKY 2.3.

Perynmrop - ——— Poa
’ p : Py oK Mepersoposay
WaMSXOCTI i'.'m?:prl{- ~ N"Yﬂ""?p HEnpyTH xoopammat i s (2-3)
o cTpymy 2
| B _’@_’ K b ___.Q_’L sl LA fee
Taznen ) |
o~ | WM
.@? - | L U ~* iHBepTOD
PerynaTop
CTRyMy 1 KyT ¢! »
Mepemsoprsan
a2 Ia 4
1s ‘
- Poagaxys0t
NOTORY T3 BT
Motk -
Barer
weqeocrt
LN E9 ne S T T——
|*] Y™

Pucynok 2.3 CTpyKTypHa cxema BEKTOPHOI CUCTEMH KEPyBaHHS €IEKTPOIPUBOIOM
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2.4 BuOip nepeTrBoproBaya 4acToTH

JaHi, ki HEOOXiIH1 AJi1 pO3paxyHKy HEOOXITHOI MOTYKHOCTI BEKTOPHOIO
MepeTBOPIOBaYa YaCTOTH:
P> — po3paxyHKOBa MOTYXHICTb ABUryHa, BT - 75000;
ns — KKJI nBuryna, - 0,92;
Pcny— PO3paxyHKOBA MOTYKHICTh CTATUYHOIO MEPETBOPIOBAYA YACTOTH.

Po3paxyHOK MOTY>KHOCTI:

P, 75000

~ 81521
n, 092 By

cny

3a TpoBEJACHUM PO3PAXYHKOM OTPUMAHO, IO MOTYXHICTh CTaTUYHOTO
NepeTBOPIOBaYa YACTOTH TOBMHHA OyTH He MeHmie 82 kBT; 3 acopTumeHty, 1o
3HAXOJIUTHCS Y BUPOOHMIITBI, BHOMPAEMO PsJI arapariB 3 HAWOIMHKUOI0 OUIBIION0 0
PO3pPaxyHKOBOTO 3HAYEHHS MOTYXKHICTIO. 3 ICHYIOUHX Yy CEepifHOMY BHPOOHHUIITBI
HaWOLIBII BIAMOBIIHUM 3a BCIMA KPUTEPIIMH € MEPETBOPIOBAY YACTOTH 3 BEKTOPHUM
metogom kepyBaras SINAMICS G120C (6SL3210-1KE31-7UF1)[4]

YacToTHHI  perynsaTop  BIAPI3HAETBCA  KOMIAKTHHUMH  po3MipaMH  Ta
MOHOOJIOYHOIO KOHCTPYKITIEIO, TOCTYHUH Y Jiana3oHi noryHoctew Big 0,55 mo 132
kBT1. EnexrponpuBon Siemens G120C miaTpumye ocHOBHI iHTepdericH it OOMiHY
naHuMu. JJig MIBHIKOTO KOTIIOBAHHS MapaMeTpiB MOKHA BUKOPHCTOBYBATU IMaHENb
ornepatopa BOP Tta IOP a6o xapty mam’ari MMC. HamamtyBanus mapameTpiB 3a
noromororo ITK 3ificHIOEThCSI 3 JOTTOMOTOF0 TIporpam Sizer Ta Starter, miaKrodeHHs
no IIK BinOyBaeThcs uepe3 USB. MoxumBa ycTaHOBKa KITBKOX IEPETBOPIOBAYIB
BIIPUTYJT OAWH 0 OAHOTO. YacTOTHUI MPUBOJ Ma€ BEKTOPHE KepyBaHHs 0€3 TaTynka

3BOPOTHOTO 3B'13KYy, aBTOMAaTH4YHE 3HIKEeHHS 1MOTOKy 3 ECO U/f,

[Ipuctpiit ocHamenuit 6 nudpoBrumu Ta 1 aHAJIOroBUM BXOAOM, a TAaKOX 2

muppoBumu ta 1 anamoroBum BuxomoM. SINAMICS 3a6esneuye Ge3nepepBHY Ta
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eHeproe(eKTuBHy poOOTy HACOCIB, BEHTWIATOPIB Ta KOMIPECOPIB K Y MOCTIHHOMY
PEXUMI, TaK 1 B peKUMI BUCOKOI IMHaMI4HOI TPOAyKTUBHOCTI. [lepeBaramu € Bucoka
TOYHICTh KEPYBAaHHSI MOTOKOM, KOPOTKHMM 4Yac BIATYKY Ta 3amoOiraHHs LIKIJIUBUM
piBHAM BiOpaimii Ta kaBiTamii. Y 3amayax, o MNOTPeOyIOTh BUCOKOI JUHAMIKU Ta
touHocTl, SINAMICS 3abe3neduye TOouHE MO3ULIIOHYBAaHHSA OKPEMHUX OCed Ta iX
y3rOJIPKEHY IHTEPIOJAII0, HANPUKIA, NMPU BUKOHAHHI CKJIAJHUX POOOTH30BAHUX
3aB/IaHb.

XapakTepuUCTUKU MEpPEeTBOPIOBaYa YAaCTOTH 3 BEKTOPHUM METOJIOM KEpyBaHHS
SINAMICS G120C (6SL3210-1KE31-7UF1)

OCHOBHI TeXHiYHI XapaAKTePUCTUKH:

HowminansHa notyxHicts (kBt) 90 kBT

HowminansHa cuia ctpymy (A) 164 A

Howminansna nanpyra (B) 400 B

Howminanbna yactora (I't) Tpeoxdaszue, 380-480 B 3min. Ctpymy 47/63 I'n

Yacrora immynbeiB (k1) 2 kI'1g

Buxinna yacrora npu BekropHomy perymoBansi (I'm) 0,1 ... 240 I'u

Crymins 3axucty P20

Jlomyctumi konuBaHHs yacTotu (%) + 5%

Homyctumi konuBanHs Harpyru (%) Bin -15% mo +10%

Pexunm xepyBanHsa ABUryHOM BekTopHuit

DyHKIIOHAJIbHI MOXKJIUBOCTI:

[arepdeiicu 38’ s13Ky: BoOynoBanuii RS485 mst mpotokoniB USS/Modbus RTU, a
TaKOXK MOXJIMBICTh MiIKIF0UeHHS noaaTkoBux MmoayiiB st PROFINET, PROFIBUS,
CANopen, EtherNet/IP, USS, Modbus TCP, 10 poObuts #0oro rHydkuM B IHTETpallii 3
PI3HUMH CHCTEeMaMH aBTOMAaTH3AIli.

Meronu xkepyBanns: IlinTpumka BoabT-yactotHOTO (V/f) Ta BEKTOpPHOTO
KepyBaHHS 0€3 JaTduKa, IO JO3BOJISIE JOCSITTH BHUCOKOI TOYHOCTI 1 €(eKTHBHOCTI

YOpaBJIiHHS IBUTYHOM.
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3axuctu: BOynoBaHi 3aXxMCTH BiJl NEPEBAaHTAXXEHHS, KOPOTKOTO 3aMHMKaHHS,
NEeperpiBy, 3HIKEHHA Hampyru 3a0e3medyloTb Oe€3leKy Ta HaaliHICTh podoTu
MPUCTPOIO.

I'abaputu Ta Bara:

Posmipu: 700 x 285 x 460 mMm (Bucora x Illupuna x I'muGuHa), mo BUMarae
MEBHOT'O MIPOCTOPY ISl YCTAaHOBKH.

Bara: [1puGnu3no 47 Kr, 1110 CJIiJ] BpaXOBYBaTH IPU MOHTAX1 Ta 00CIyTOBYBaHHI.

Le#t mepeTBOprOBaY YaCTOTH MIAXOAUTH ISl 32CTOCYBaHb 3 BUCOKUMH BUMOTaMU
70 TIOTY>KHOCTI, TaKuUX SIK BEJIUKI HACOCHI CHUCTEMH, KOMIIPECOpPH, BEHTHJISATOPH,
KOHBEEPHI CHCTEMH Ta IHIII MPOMMCIOBI MPOIECH, SKI MOTPEOYIOTh TOYHOTO 1

HAJIHOTO KepyBaHHS ABUTYHOM.

3 KOMIT’'IOTEPHE MOJIEJIIOBAHHSA

3.1 Komn’’roTepHa MoeJib MOJAEPHI30BAHOI0 €JIeKTPONPHUBOLY
[IpoBeneMo KoM’ I0TepHE MOMIETIOBAHHS €JIEKTPOTIPUBO/LY , IO PO3POOIIIETHCS B

nporpami Simulink MathLab:

TG
-Digcrete,
Ts = 2e-006 5.

INVERTERS r Demux

is_abo

Udci
.
L

+ A
—»- B

2 AL 1
pulses - pul C

Zi

Seopel
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Pucynoxk 3.1 - Komn'torepna mozens npuBoay 6yposoro Bepcrara CBII-250MH
Ha pucynky 3.1 300paxeno mojaens npuBoay OypoBoro Bepcrara CBIII-250MH.
s Monenb NEMOHCTPYE B3a€EMOAII0 BCIX KOMIIOHEHTIB MPHUBOAY, MIAKPECTIOYH iX

BOXJIUBICTH Yy 3a0e3neueHH1 e(heKTUBHOI Ta Oe3nepeliiiHoi poOoTu OypoBOro Bepcrara
CbII-250MH.

Fowergul
-Discrete,
Ts = 2e-006 s

Ube

Udci INVERTERS Induction Motar Dermux
T TE bt
L + s Ll is_ahc -
—-- = B
wz oz — Jﬂga - ©m+m wem [ 4:|—>
pulses P pulzes | C ri+
i m Te [=
L= |zab:
Flux
Lo Liabbe Scope

Wectar control

Pucynoxk 3.2 - Komn'torepHa Mofiesib BEKTOPHOT CUCTEMH KEPYBAHHS PUBOJIOM

Pucynok 3.2 mpencraisie KOMI'IOTEpHY MOZENb OJ0KY BEKTOPHOTO KEpyBaHHS
€JIEKTPONPUBOJIOM ACUHXPOHHOTO JABUTYHa. LI Mopaenb HEMOHCTpye HNPUHLHUIH

poOOTH BEKTOPHOTO KEpyBaHHS ACHHXPOHHUM JBUTYHOM, 3a0€3MEeUyI0ud BUCOKY

TOYHICTh KEPYBaHHS.
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(1 —— iz
iz Mz
14
cantral
speed

P lza .
Is2i

Plzh

¥

ang 151
Transfarm
kaordinate1

Fluz

|22 522
R 152 plz2z
Cale (a2 Laz [ a2
Usbez [
152z contral_|s2 rlsiz e
Ubz —fe] Ubz
eIl
transform 2-3
koordinate?
Fluxz - Fluxzz
lz1z
Fluzz = F Lz I—>|S1I
trol_Fl =t
control_Flux =i
contral_ls1
Estirmator
Speed
Angl lahc
lzabc
flux
158 | appe
=k Uabbe
»(2)
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Signalis] Pulses

pulses

Dizerete
Puitd Generator

Pucynoxk 3.3 - Komm'torepHa Mojienb 070Ky BEKTOPHOTO KepyBaHHS

Pucynok 3.3 npezacranise KoMI'tOTEpHY MOJIeTb OJ0KY BEKTOPHOIO KEepyBaHHS,

sSKa BKJIOYA€ PI3HI KOMIIOHEHTH Ta iX B3a€EMOI0 I 3a0e3nedeHHs TOYHOTO

KEpyBaHHS €JIEKTPOIIPUBOIAOM. L Mozenb 1oka3ye CKIagHy CUCTEMY KEPYBaHHs, sKa

BUKOPUCTOBYE BEKTOPHI  METOAM

€JEKTPOIPUBO/IA.

ISt

TOYHOI'O

PETryJIIOBaHHS

napaMeTpiB
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il >
+
Randam _
Mumber Stepz
—
Step3
L I
Scopel

Pucynok 3.4 - Kommn'rorepHa Moe)Ib MEXaHIYHOT YACTUHU TTPUBOTY

PucyHok npencrasisie cxeMy UG POBOi CUCTEMU KEPyBaHHS, sIka BUKOPHUCTOBYE
JTMCKPETHI €JIEMEHTH Ta BKJIIOUYA€ I'eHepallito BUNIAIKOBUX Yrcen. Ll momens urocTpye
u(pPOBY CHCTEMYy KEpYBaHHS, SKa BUKOPHUCTOBYE ITJICHIIFOBAadl, CyMaTOpH, OJIOKU
3aTPUMKH Ta TEHEpaTOpu CUTHaliB. BoHa mpu3HavyeHa 1si BUBYCHHS ITOBEIIHKU
CUCTEMHU BIATIOBIHO J0 PI3HUX BXIIHUX BIUIMBIB, 30KpEeMa BUIAJIKOBHX MEPEIIKO] 1
JTUCKPETHUX TTOTIH.

s Mmoenb ehEeKTUBHO MOCITIOE OCHOBHI OJIOKH KEPYBaHHS €JICKTPOIPHUBOIOM,
[0 JIO3BOJISIE aHATI3YBAaTH IXHIO B3a€MOJII0 Ta BIAINOBIIb HA 30BHIIIHI BIUIUBH. Y
po3aini 3.2 Oyne HamaHo OUIbII JeTallbHE TIOSICHEHHS KOXHOTO —eJIEMEHTa
KOMIT' FOTEPHOT MOJIeNi, L0 JI03BOJIUTH Kpalle 3pO3yMITH iXHIO pOJib Y CHUCTEMI

KEPYBAHHSI €JIEKTPOIPHUBOIAOM.
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3.2 CkJi1ag KOMII'IOTEepHOI Moaei

3agaBay IHTEHCUBHOCTI:

I —

Zi
Pucynok 3.5 - 3agaBay IHTEHCUBHOCTI
3ajaBay IHTEHCUBHOCTI MPU3HAYCHHH [JIi PO3TOHY JBUTYHA /10 HEOOXITHOT
4acTOTH OOEpTaHHs 3 HEOOXIHOK IHTEHCUBHICTIO Ta 3aXHUCTy BiJl JOMYCTUMOTO
CTPYyMY.

brok nuckperuzariii:

Fowergul
-Discrete,
Ts=2e-00( 5.

Pucynok 3.6 - biok auckperusartii

VY 1poMy 0J10111 MM 3aJ1a€EMO TIePi0T TUCKPETH3AIIII.

biiok BeKTOpHOTO yIpaBIiHHS:

pulzes —

Izabe

Flux (—

L Uabbc

Wector control

Pucynok 3.7 - Biok BEKTOPHOTO yIpaBITiHHS

[Ipu3HaueHa 1 KepyBaHHS JBUTYHOM 1 JUISL BiAMpaIfoBaHHS 30YKYHOUHX
BILIMBIB
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JI>xepesno MocTiiHOT HAPYTH:

Ude =

L

Pucynoxk 3.8 - JIxxepeio nocTiiHOi Hanpyru

JI>xepesno MoCTiiHOT HAaNIpyTy — CIPOILEHa MO/IEIIb BUMIPSAMIISYA, 110 TEPETBOPIOE

3MIHHY Hallpyry Mepei Ha MOCTIMHY Harpyry, mo nojgaerscs Ha [IIM-iaBepTop.
[IM-iaBepTOp:

INVERTERES
-+ A —
v | zs
P pulzes C—

Pucynok 3.9 - HIIM-iaBepTop
[HBEpTOPH 3 MIMPOTHO-IMITYJIBCHOIO MOYyJIsAIi€r0 Ha ocHOBI IGBT-Tpan3ucTtopis

BUKOPUCTOBYIOTBCSL y BCIX TEpPETBOPIOBAYAX YACTOTH, IO 3aCTOCOBYIOTHCS Y

PUBOAAX 13 TIIMOOKUM PETYIIOBAHHSAM IIIBUIKOCTI.

JIBuryH:

Induction hotor
TE s,

A
B
C

e

Pucynok 3.10 - J[Buryn

brokx acuHXpOHHOT MaIHY MpaIioe abo B TeHEPATOPHOMY a00 PeKUMIi IBUTYHA.

Pexxum poOOTH OMUCYETHCA 3HAKOM MEXAHIYHOTO MOMEHTY (MO3UTHMBHUU NBUTYHA,

HETaTUBHUM JJIs1 TEHEpaTopa).

Bnok Demux:
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Demux

iz_abc —

Pucynok 3.11 baox Demux
VY upoMy OOl cUrHad, 10 HAAXOAUTHb 3 JIBUTYHA, PO3AUISETHCS HA KUIbKa
BU3HAYEHUX CUTHAIIIB.

Ocuunorpad:

Y v v

’* Scope

Pucynok 3.12 Ocmunorpad
Ocuunorpad npu3HAYEHWH [Ji8 BHUBEACHHS TMEPEeXIAHUX MPOIECiB, IO
BUHHUKAIOTH TIPH pOOOTI MOJICINI1 YCTAHOBKH, Ha €KpaH MOHITOPA.

binok BunaakoBoro yucia.

W_

FRandom
Mumber

Pucynox 3.13 biok BUMagKoBOro yucia

VY 1poMy 010111 MM 3aJ1a€MO TIeBHI 3HAUCHHS JUIS iMiTaIlii o0epTaHHS 10JI0Ta.

bnok Step:

T

Pucynok 3.13 bnok Step

VY upoMy 61011 MU 33]1Ja€EMO 3HAYEHHS Yacy CHpPAIOBAHHS.
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biok AUCKpeTHOro IHTErpyBaHH:

- —
=1 _w

Pucynok 3.14 Biok 1MCKpEeTHOrO IHTErpyBaHHs
[Ipu3HaueHu# 4151 NEPETBOPEHHS CUTHAIY, 1110 HAAXOAUTh Ha HHOTO.

bnok Gain:

j=lululu]

Pucynok 3.15 biok Gain
BuxopucroByeThesi [Uisi BUSHAUY€HHST HEOOXIAHOTO KoedimieHTa aemmdyBaHHS
U1 3MEHILEHHS KOJINBaHb.

Cymarop:

-

Pucynok 3.16 Cymatop
[Ipu3zHaueHuit I8 CyMyBaHHS JABOX BXIIHUX CHTHAJIIB 1 MEPETBOPCHHS iX B
OVUHUYHUH.

JlaTuuku Hanpyru:

T
’_.ch
Pucynok 3.17 JlaTunku Hanpyr

B nux Gnokax miHINHI HAaIpYTu MK JBOMa (ha3aMu MEPEeTBOPIOIOTHCS Y (Pa3oBi

HaMpyru.
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bnok Discrete PWM Generator

Driscrete
Pl Generatar

Pucynok 3.18 bnok Discrete PWM Generator
Juckpernuii redeparop IIIM 1npusHauyeHUM U1 CTBOPEHHS KEPYHOUMX
IMITYJIBCIB 1HBEPTOPOM IUISXOM IOPIBHAHHS CUTHAIIB 3aJaHHS 3 MUJIONOJIOHOIO

Hamnpyrorw BCEPEUHI FeHepaTopa.

—iz1z

biok KCPYBAHHA CTPYMOM: 151 -

— =11

contral_ls1

Pucynok 3.19 bnok kepyBaHHS CTpyMOM
VY 1pomy OJIOKY 3aMHUCYIOThCS KOSDIMIEHTH THTErPAIbHOT Ta MPOMOPIIIOHAIBHOT
CKJIQZIOBUX CTPYMY.

Biok orinku:

Estimatar
— Speed
Angl labc —

— fluzx

—l=a Ushbi: —

— =k

Pucynok 3.20 bBiok orminku
et 610K MpU3HAYSHUH I aBTOMATHYHOT'O BIIHOBJICHHSI KOOPJUHAT ab0 CTaHy
JIBUTYHA Y BUTIQJIKY, KOJIY JIeSK1 BX1H1 200 BUX1THI TapaMeTpH CTAIOTh HEJOCTYITHUMHA
a00 BTpavaroTh CBOE 3HaUeHHs. Lle BaxximBo 1151 3a0e3neueHHs 0e3nepediitHo1 poooTH

CUCTEMH KE€pYBaHHS HABITh Y BUMAJKAX BTPATU CUTHANY YU IHIINX BUMKHEHb.



38

biiok nmepeTBOpeHHsI KOOPAMHAT:

—lza
|2 ——
—

I=h

ang| 1811 ——

Transform
kardinate

Pucynok 3.21 biok nepeTBOpeHHs KOOpAUHAT
CnyxuThb 1Jis TIEPETBOPEHHSI CUTHANIB 3 OJHIET CUCTEMHU KOOPAMHAT B IHIIY.
3a3Buuaii, 0lHa CUCTEMa KOOPAMHAT € HEPYXOMOIO 1 NOB'I3aHa 3 CTaTOPOM, a 1HIIA

CUCTCMA KOOpAHWHAT 06CpTa€TBCH CUHXPOHHO 3 BI/I6paHI/IM OIIOPHHUM BCKTOPOM.

Perynstop mBHaKOCTI: ol

Wz —

P

control
speed

Pucynok 3.22 Perynsarop mBHUIKOCTI
VY upomy 0JIOKY MU 3MEHIITYEMO BIIXUJIEHHS IIBUJIKOCTI BiJ 33JIaHOTO 3HAYECHHSI
B MOMEHT BUHUKHEHHSI 30 ypEeHb.

bnoxk 3aanHs OTOKY:

Fluzz —

Fluxz

Pucynok 3.23 biok 3agaHHs IOTOKY
Y 1upomy 010Ky MU (IKCYEMO 3HAYEHHS TOTOKY, MICHS 3IACHEHHS MPSIMOTO
3aIyCcKy BU3HA4Ya€MO 1 HAOMPAaEMO HOMIHAIBHUI MOMEHT.

briok kepyBaHHS MarHiTHUM IMOTOKOM:

W Fluxzz
lz1z —
P Fluxi

control _Fluy

Pucynok 3.24 biok kepyBaHHS MAarHITHUM TOTOKOM
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4 PO3PAXYHOK HAJIAHITYBAHbDb PEI'VJISITOPA
[Ipy  gocmiKEeHHI  CHUCTEM  BEKTOPHOIO  YHOPABIIHHSI  ACHUHXPOHHUM
KOPOTKO3aMKHYTHUM JIBUTYHOM 31 CTA0LT13a1[1€10 aMILTITYAHOTO MOJIs B 3a30p1 MaIlIUHU
3aCTOCOBYETBHCSI CIIPOIEHA cucTeMa AU epeHIiaTbHUX PIBHSAHB (Y KOOpAMHATAX, 110
o0epTalThCsl), sIKa OMUCYE TPOILECHM B MaIllMHI, >KUBJICHI BIJ 1/1€aJ1130BAaHOTO

NePETBOPIOBAYA YaCTOTH:

d - (1-K, )r, |+K\{1—K,}E_. +£“p.;=:ﬁ:t1—k,}(1—k_.:l
da " -k, " 1-xkEk " 1-kk,

d. __ nkke .1 2,2

dt °  (-kk)L, * (-kk)L, * (-kk)L,

d 3 op, o1

— == |h |i, - =M .

FO= T Tl M.

4.1)

Ks = Lm/Ls - koedimieHT MOTOKO3YeIJIEHHS CTaTOPa;

Kr = Lm/Lr - koedirieHT MOTOKO3YEIUICHHS POTOPAa;

1s, TR - akTUBHMIA OITip cTaTopa Ta poTopa;

Ls, Lr - IHAyKTUBHICTH pOTOpa Ta CTATOPA;

Lm - B3aemHa iHIyKTUBHICTh MK OOMOTKaMHM CTaTopa Ta poTopa.

PO - YKCIIO TIap MOJIOCIB;

W - 9acToTa 00EpPTaHHS pPOTOPA;

|®| - Monynb roJIOBHOTO MTOTOKO3YETUICHHS;

Usl, Us2 - CknafoBi Hampyru CTaTopa B CHCTEM1 KOOPJIMHAT, sika 00epTaEThCs,
110 YKOPCTKO TMOB'sI3aHa 3 TOJOBHIUM MOTOKO3YETUICHHSIM;

12 - CxiramoBa 3arajbHOTO BEKTOpa CTPyMY CTaTopa IO OpIWHATI B 00EPTOBIH
CUCTEM1 KOOpJUHAT.

Mc - MomeHT onopy

J - JlunaMi4HMIT MOMEHT 1HEPIIii

V miii cucteMi BUKIIIOYEH] HEJITHIMHI JTOJaHKH, SIK1 MAIOTh HEBEJIUKHUH ""BIITHOCHHUH
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Bary", 1m0 MICTATh JOOYTKM 3MIHHUX (HANPUKIAJ, PO3CIIOBAJIbHI €JIEKTPOMArHiTHI
HaIllpyrd Ha 1HAYKTUBHOCTAX) 1 MPUHHATO omip portopa rR=const. BpaxoByrouu, 1o
BUXIJHI 3MiHHI npeAcTaBieHi BekTopoM (|P|, 12, w), ToAl MOKHAa BUKOPUCTOBYBATH
KJIACUYHy  TEOpil0  MIANOPSAKOBAHOTO  PEryJIOBaHHS,  po3poOJeHy Ui
€JIEKTPOIPUBO/IIB IOCTIMHOTO CTPYMY.

Cxema BKJIIOYa€E KaHal KepyBaHHs (craOimizaiii) MOAYJIS TOJOBHOTO
noTtokocnonyyeHHs |P| 1 kaHasl KepyBaHHS MIBUAKICTIO oOepTaHHs poTopa w. Kanan
IIBUAKOCTI - JBOKOHTYPHHMH 1 MICTUTh MIANOPSAJIKOBAHUI KOHTYpP PEryiIrOBaHHS

ctpymy '

-~

7 f
—nglcm —-I Y
¥

s 11

Us - [

Lnc >

o ‘E(__

Pucynok 4.1 ®ynkiionansHa cxema EIT CITOP

CtpykTypHa cXema CUCTEMH, IIPU YMOBI IHTEpIIpeTAaIlii mepeTBOproBaya 4acToT!

Y BUTJISA/I1 allepioIMYHO1 JIAHKH 3 TTOCTIHHUM YacoM TM, 300paskeHa Ha puc. 4.2

[
FII =
Ks Uik
74 kzl”l Ai.l Km ‘ | "
- 5 3 o TuPH! TP+l
k2
{&:]
PIII PC
2 k! UJP
' 3 k"l"l :l 2
o s =y Tup]
ke”
1
ol

Pucynok 4.2 Crpyktypa cxema CIIOP
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4.2 Po3paxyHOK peryJiiTopis
Po3paxyHOK peryiasiTopiB CHUCTEMH BEKTOPHOIO YIpPABIiHHSA YaCTOTHUMH
MPUBOJIaMH MOXE BUKOPUCTOBYBATH METOJUKY, aHAJIOTIYHY METOJHUIIl PO3PaxyHKY
JUTSI TPUBO/IIB IOCTIMHOTO CTpyMy. POo3paxyHOK mapaMeTpiB peryasiTopiB NOUNHAETHCS
3 KaHaJly KepyBaHHS MOAYJIEM T'OJIOBHOI'O MOTOKO3YEIIIICHHS.
Kontyp  cralumizamiii  Mar"iTHOro  IOTOKO3YEIUICHHS  BUKOHAHUN 3

BukopucranuaM I1I-perynaropa PII HanamryBanHs MU

ne Ti= 1/k, — mocriitHa yacy iHTerpaTopa
T = ki/k, - mocrTiitHa yacy HanamTyBaHHS
KoHTyp KepyBaHHS NOTOKO34YeNIEHHAM

[lepenatkoBy (QyHKIIIIO BIAKPUTOTO KaHaTy KEPYBaHHsS TOJOBHUM MAarHITHUM

IMOTOKO3YCIIIIFOBAYCM MU OTPUMYEMO, 061/1pa}0t114 kl / k2 :T‘P

kel k) p+ 1 kg kg kg

my - . .

HanamryBaHHS Ha TEXHIYHUN ONTUMYM BU3Ha4Ya€ KOSPillieHT

1

k'. = -
PR k_k_k
4.3)

KoHTyp KepyBaHHsSI CTPyMOM
Y  KOHTypi CKIagoBOi CTPpyMy 1 KaHajdy pETYITIOBaHHS IIBHIKOCTI

BukopuctoByethes [1I-perynsitop PC.

k. lk)p+1 T -p+1
Wm (p)=( 31/2)p _Lp
(I/k)p I, 'p

(4.4)
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HaJIAIITOBYETHCS HA TEXHIYHUM ONTUMYM 32 JIOMTOMOTOI0 HACTYITHUX MapaMeTpiB:

k4 :]/(ZTm ‘ki 'km ‘kdi);k.?/k4 :Ti 'HpI/I Ti >Tm'Tm :Ta' T’l :Tb;(45)

k4 :1/(2'Ti 'ki 'km 'kdi) k3/k4 =T,

; n'HpI/IT'i<Tm'T'i:Ta'Tm:Tb_(4-6)

[lepenatkoBa GyHKIIS BIAKPUTOrO KOHTYPY Ma€ BUTJISIA:

\ 1
5 = .
)= s W

KoHTyp KepyBaHHSI HIBHAKICTIO
[lepenatkoBa (yHKIis «00'€eKTa pEryiioBaHHS» B KOHTYpPl KepyBaHHS

IIBUIKICTIO

C, k|| k
ky-j-(Tr-p+1)-p (T, -p+1)-p 4.8),

m

W, (p) =

Aec kmzcm'ka)'/ %//kdl
VY pasi Bukopuctranns [l-perynaropa mIBUIKOCTI, HOTro mepeaaTrkoBa (YHKIIIA

Oyne:

k — JkE
Cm'ka).4.Ta.|lI’O| (4.9)

[Tpunyckatouu, 1m0 715t IPUBOIIB 3 TOMIPHOIO TMHAMIKOIO, /IO SIKUX BITHOCHTHCS
JaHUH TPUBIJ, MAarHITHUHN TOTIK (MOIyNb ToTOKO3uermieHHs | Wo|=1) 3MiHIOETBCS HE
TyKe 3HATYIIe OTPUMAEMO MePEaTKOBY (DYHKIIIIO PO3KPUTOTO KOHTYPA PETYIIOBAHHS
IIBUJIKOCTI:

, _(k5'p/k6+1)'k6'km
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[1ig yac HamamTyBaHHS HA TEXHIYHUN ONTUMYM MA€MO:

J ks

6_8.TT2.km;k6 @.11),
e Tem=j/Cm-| Wo| ki — enexTpoMexaHiuHa MoOCTiliHA Yacy.
Kontyp xepyBanns mBuakicTio 3 [1I-perynstopom Moxke OyTH HalallITOBAaHUM 3a

YMOBaMHU CUMETPUYHOTIO ONTUMYMY (IIPHU Tem>4Ta)

PN BT R
6 2 - a
3217k, kg (4.12).

OTpuMaHi HaJIAIITYBaHHS PETYISTOPIB:

Y =1,26; . 0,37;
KZ KZ
[II-perynsaropa ctpymy B
Ky =0.24; Lo 0,056;
K

4 4
Koedimient mnepenaui I[l-perymsaropa MIBHIKOCTI 3a yMOBaMH TEXHIYHOT'O

ONTUMYMY

[Tapamerpu nepenaui I1I-perynsropa MBUIKOCTI 3TiTHO 3 YMOBaMH TEXHIYHOTO
ONTUMYMY

X o011 L = 0,0000;
K6 K6

[TapameTtpu mepenaui I[ll-perymsitopa MBHAKOCTI 32 YMOBAaMU CHUMETPUYHOTO

ONTUMYMY
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5 AOCJIKEHHSA MMEPEXI/ITHUX TPOLECIB
5.1 Moae/roBaHHS NepexiHUX NMPoOLECIB.
[mrocTpanist nepexigHuX NpoueciB y OypoBOMY CTaHKY 300pa)k€Ha Ha PUCYHKY

5.1Tas.2

o T T L. 1 e e 0 A T ————————————
"""‘"MI'W"it"a'P"E:'"’*"'|y|"’*"I'Is""“;|"‘;":|‘1|‘"‘l:‘l‘:l“'“"“‘"‘I ‘I‘I“I‘I“"“"‘-"”“‘I"""mu- AL L T R L ot R g

Pucynoxk 5.2 IlepeximHi mpoiiecu B €IEKTPOTIPUBOII OypOBOTO BEpCTaTy

CblI-250MH.
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5.2 AnaJi3 nepexiiHUX NpPoLeciB, OTPUMAHMX B Pe3yJIbTaTi MOJACTI0BAHHS

[lepexinHi mpouecu, OTpUMaHi B pe3yJabTaTl MOJEIIOBAaHHS, IOKa3aH1 HA PUCYHKY
5.1 ta pucynky 5.2. V 11boMy po3/iiii pO3TIsIa€ThCsl 3aMyCK ABUTYHA 3 HOMIHAJIBHUM
MOMEHTOM Ta YacOM pO3rOHYy 2 CeKyHAH. BcTaHOBIEHa MIBHIAKICTH OOEpTaHHS
ctaHoBUTH 98 paj/c. Uepes 0,2 cekyHau MICis AOCSITHEHHS BCTAHOBJICHOT MIBUKOCTI,
Ha CHCTeMYy BIUIMBA€ TMO/BiifHE HABAaHTAXKEHHS, IO CHUMYJIIOE peatbHI YMOBHU
eKCIUTyaTarii.

MonenroBaHHS TMOKa3ye, IO MPU BIUIMBI MOJBIMHOTO HaBaHTAXKEHHS, CHCTEMa
pearye aJieKBaTHO, MIATPUMYIOUYH CTaOUIbHICTh 00epTaHHs. MakcuManbHa MoXuoKka 3a
MIBUAKICTIO ® He nepeBuiye 5% (1,2%), 110 € npuiHATHUM MTOKa3HUKOM 1 BiNOBiIa€
BUMOTaM JI0 TpHUBOJY oOepTaHHs OypoBoro BepcraTy. Lle CBiqUMTH MPO BHUCOKY
TOYHICTb 1 HAJIHHICTh MPUBOAY Y KPUTHUHHUX YMOBaX.

AHani3z nepexiiHuX MpoleciB TaKOX MOKa3ye, 110 JIBUTYH Ma€ JT0Opi AMHAMIYHI
XapaKTepUCTUKH, MIBUAKO BIIHOBIIOE CTAOUIBHICTH OOEpTaHHS MICJIsI BUHUKHEHHS
HaBaHTa)XeHHs. Take MOBOKEHHS € HAJ3BUYAHHO BXKITUBUM 7151 OypOBOT'O BEPCTATY,
Jie CTaOUTBHICTh 1 TOYHICTh OOEpPTAaHHS BIJIrPAlOTh KIIOYOBY POJb y 3a0e3nedeHH1
e(eKTUBHOCTI Ta Oe3MeKr poOoYoro mporecy.

Taxum 4rHOM, PE3yIbTaTH MOJICTIOBAHHS MiATBEPIKYIOTh, 110 0OpaHUI TIPHUBIT
3MaTeH 3a0e3NMeunTH HEOOXiMHI TeXHIUHI XapaKTepUCTUKU TIPH 3alycKy Ta
eKCIUTyaTallii B yMOBax 3MIHHUX HaBaHTaXeHb. L{e poOuTh fioro HaaiiHUM PIIICHHSIM
JUIS BUKOPUCTAaHHA B OYpOBHX YCTaHOBKAaxX, J€ BHCOKI BHUMOTH JIO TOYHOCTI Ta
CTaOUTbHOCTI € KPUTUYHUMU.

5.3 IIporpama ajist MiKpOKOHTpoOJIepa

Jlnst 3aradpbHOTO KepyBaHHS TPUBOJOM BUKOPHUCTOBYETHCS MIKPOKOHTPOJIED
dipmu Siemens cepii S7-400.[10]

Ilet kOHTpoOJIEp CTBOPEHO [JiI ABTOMATH30BAHUX CHUCTEM YIIPABIIIHHA, SKi
BHUPI3HSAIOTHCS BHCOKOIO HAIIMHICTIO. 3aBISKH PE3E€PBOBaHIN CTPYKTypi BiH MOXKeE
MPOJOBXKYBAaTH POOOTY HaBITH MPH BIJIMOBI OJHOTO YU KUTBKOX KOMITOHEHTIB.
3a3Buyail Taki CHCTEeMH BHUKOPHCTOBYIOTHCS Ha BHPOOHHIITBAX, JI€ MPOCTOi

MNPU3BOJATH 10 3HAYHUX CKOHOMIYHHUX BTpart.
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Kontponepu S7-400 mpairorote Ha 6a31t mponecopa CPU 410E. CPU 410E
6a3yeThcs Ha anapatHii matgopmi CPU 410-5H 1 He nocTynaeTbest HOMY B MIIIHOCT1
KOHCTPYKIIii 0€3 BEHTUJISATOpA Ta BUCOKUX CTaHAapTax sKocTl. Lleil koHTposnep Takox
MOKHA HaJalITyBaTH IJs BUKOPHCTAHHA B JOJaTKaX, [0 BUMAararmTh BHCOKOI
noctynHocti abo minBumieHoi Oesnexku. CPU 410E 3patHuit o6pobssatu go 200
nporecopaux 00'extiB (I10).

Cxema 30BHILIHIX MIJKJIIOUYEHb MPEACTAaBICHA HAa PUCYHKY 5.3, SIKUA MOXKHA
BUKOPHUCTOBYBATH CaMOCTIHHO a00 3 TIIKIIOUYEHUMH [0 HBOTO JOJIaTKOBUMHU

MOAYJIAMHU pO3MUPCHHA CUCTEMU BBOAY-BUBOY.

oo [T [

= SHHETEHHA
T 4B

SO OO ON ||| mocrEoro
CTPYMY

TOC TEHOTO CTYPMY i
3ATEMNEHHA Ta EXCXORE

K.TIe M 3rars ook Tt SO O OO0V S OO0 Ol senersx

HHREHHA 24 B Ta BXonE T ATOOTE

2 et T
24B mcnmwchp}ﬂW-* 4.‘( ( (f ( ( r (-24Bmcmmctw

Pucynok 5.3 ®@yHkIioHanbpHa cxeMa MikpokoHTpoJiepa S7-400

BinnosinHo 10 3aBnanHs, A GyHKIIOHAIBHOT pealtizallii afropuTMy KepyBaHHS
3allyCKOM TpuBOAa Ha MikpokoHTpoaepi S7-400 po3pobneHa mporpama 3a
nomomoroto npukinaaHoi mporpamu STEP 7-Micro/WIN V3.2 (V3.2.1). Lls nporpama
3a0e3mnedye KOMIUIEKCHE KEPYBaHHSI MPUBOJIOM, BKITFOYAIOYH KUThKa KIIOYOBUX €TaIliB
po6oTu. MikpoKOHTpoJep, BOYIOBAHUIA Y CUCTEMY KEPYBaHHS, 3T1THO 3 MPOTPaAMOIO
3MIACHIOE HACTYITHI () YHKIIIT:

[lepeBipka OsokyBaHb: llepen 3amyckoM MpHUBOJia CUCTEMa BUKOHYE MEPEBIPKY
HassBHOCT1 MOXJIMBHUX OJIOKyBaHb. Lle BKiItoyae nepeBipKy BCiX AATUMKIB T4 CUTHAJIIB

0e3MneKu, 100 NepeKoHaTHCS, 1110 HEMAE MePENIKo/ 17151 0€3MeYHOT0 3aMyCKy MPUBO/A.
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3anmyck mnpuBoga: Iliciga ycnimHOI mnepeBipkd OJOKyBaHb MIKPOKOHTPOJIEP
3amyckae mnpuBig. [Iporpama HamamToBye mpHUBLL Ha poOOTY 13 3a/1aHOIO
IHTEHCUBHICTIO PO3TrOHY, 110 3a0e3leuye IUIaBHUI Ta KOHTPOJbOBaHUMU 3amyck. Lle
0COONMMBO B@XIWBO /I YHUKHEHHS TIEPEBaHTAXCHb Ta 3HOCY MEXaHIYHHX
KOMIIOHEHTIB.

['anemyBanHsa: B mpoueci poOoTu mpuBoAa MOXK€ BUHUKHYTH ToTpeda y Horo
synuHIi. [Iporpama nependadae rarbMyBaHHs 3 IEBHOIO iHTEHCUBHICTIO, IO JO3BOJISIE
3YIIUHUTU TPUBIA TUIaBHO Ta Oe3 puBkiB. lle momomarae 36epertu pobOoui
XapaKTEePUCTUKH Ta TPOJIOBKUTH TEPMiH CITy>KOU TPUBO/IA.

3ynunka: Ilicas 3aBepuieHHs po6otu abo y pas3l aBapifiHOl cuTyarlii
MIKPOKOHTpPOJIEp 3IIHCHIOE MOBHY 3YyNMUWHKY TNpuBoja. lle BKiIOYae BIAKITIOYCHHS
’KUBIICHHS IPUBOJIA Ta IPUBEICHHS CUCTEMH y O€3IeUHMI CTaH.

Takum uymHOM, pO3pobJieHa mporpama 3abesneuye HaAiliHE Ta e(eKTUBHE
KepyBaHHs TMPUBOJIOM, BpaxOBYHOYM BCl HEOOXIiTHI acreKkTu Oe3meKku Ta
dynakmionanpHocTi. Bukopucranas STEP 7-Micro/WIN V3.2 (V3.2.1) nosBoise
peaizyBaTH Liei aJITOPUTM 3 BUCOKMM PiBHEM TOUYHOCTI Ta HAIIMHOCTI, 10 € KPUTUYHO
BOXJIUMBHM JJI1 CTa0LIbHOI poOOTHM Bciei cuctemMu KepyBaHHA.JIo KOHTposepa
migKIodYeHo KHonky «myck» (Bxim 10.0), kHonky «crtom» (Bxim I0.1) Ta koHTakTH
omokyBanb (Bxomu 10.2, 10.3). Buxomm xontposmepa QO0.1, Q0.2 s3'emnani 3
curHaTbHUMHU Jamramu. Buxin koHTtposnepa Q0.0 kepye MarHiTHUM ITycKaueM
npuBoia. AHanmoroBuii Buxia koutpoaepa AQWO e curaanom 3aBaaHHs 3a MIBUAKICTIO
JUIS CUCTEMH KEpyBaHHS aBTOHOMHHUM 1HBEPTOPOM.

Cama mporpama MiKpOKOHTpoJIepa 300paxkeHa Ha pUCYHKY 5.4.
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Pucynoxk 5.4 Iporpama mikpokontponepa S7-400
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BucHoBok

PosrnsgHyti nmpuHmun i Ta OyznoBa BEpCTATiB LIAPOUIEYHOI'O OYpIHHS Y
npeacTaBiieHId  OakanaBpchbKid  poOori. Po3pobOnena cucrema  ynpaBiiHHSA
enextponpuBogoM OypoBoro Bepctata CBII-250MH. By o0panuii npuBigHUIA
enektpoaBuryH tuny 4A280S6 Y 3. Obpano nepetBoproBau yactotu Tuiry SINAMICS
G120C (6SL3210-1KE31-7UF1).

[IpoBeneHO MOJENIOBaHHS EIEKTPONPUBOIY 3 BEKTOPHUM KepyBaHHSM. byma
po3pobiieHa 1 peaiizoBaHa, 3a jgonomoroto mnakery mporpam MATLAB, cucrema
YIPaBIiHHS €IEKTPOIIPUBOIOM OYpOBOTO BEPCTATy 3 ACHHXPOHHHUM JIBUTYHOM.

B mpomeci gocmipkeHHss OyJ0 BHUBYEHO Ta aHANI30BAaHO OCOOJUBOCTI
CJICKTPOMEXaHIYHUX CHUCTEM, METOJM MOJCIIOBaHHA Ta CHHTE3y KOHTPOJIEPiB
ACUHXPOHHUX ABUTYHIB. Po3pobiieHa cuctema IEMOHCTPYE BHCOKY HAIIMHICTBH 1
e(EKTUBHICTh y PeaTbHUX YMOBAX EKCILTyaTallii, 0 MiATBEPKYETHCS pPE3yIbTaTaMu
€KCIIEpUMEHTATbHUX BUIIPOOYBaHb.

YacTtoTHe ympaBiaiHHS ABUTYHAMU 3MIHHOTO CTPYMY € €KOHOMIYHHM, OCKUIBKH
BOHO no3Bouisie 30eperty Bucokuit KKJ[ nBuryna, 3abesnedye sik JBUTYHOBI, Tak 1
rajbMiBHI PEXUMH pOOOTH, Ma€ XOpOIIy JKOPCTKICTh XapaKTEPUCTHK 1, IIO
HAWTOJIOBHIIIE, J03BOJISE BHKOPHCTOBYBATH B SIKOCTI NMPHBITHOTO AaCHHXPOHHUM
KOPOTKO3aMKHEHHM JBUTYH.

OTtpumaHi  pe3yJabTaTH  CBiq4aTh PO  MOXJIIMBICTD  BHKOPHCTaHHS
3allpONIOHOBAHOT CHCTEMH B IHAYCTplalbHUX 3aCTOCYHKaX, IO CIPHUITHME
MABUIIEHHIO TPOIYKTUBHOCTI Ta 3HIKEHHIO BUTPAT €HEPrii y mpolieci MaponeyHoro
Oypinus. [loganbir HaPSAMKH JOCTIKEHb MOKYTh BKJIIOYATH ONTUMI3AIlII0 CUCTEMHU
YIpaBJIiHHS 3 METOIO II¢ OLIBIITOTO MOKpaIIeHHS ii €(EKTUBHOCTI Ta pecypcey.

Y mimomy, po3poOiieHHni aCUHXPOHHUHN ENEeKTPONPHBIA TMPEACTABISIE COOOIO
3HaYHUM KPOK y HaNpsIMKy BJIOCKOHAJEHHS TEXHOJIOTIH OypiHHS CBEpIJIOBHH,

3a0e3nedyroun HeoOXiHI TEXHIUHI Ta €EKOHOMIYHI TIEpeBaru Jyisl iHAyCTpii.
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Honatox A
1.1 The principle of operation of rotary drilling rigs.

The principle of operation of rotary drilling rigs is similar to the principle of auger
drilling rigs: the machine rotates the drilling tool while simultaneously feeding it into
the rock face. However, instead of a cutting crown, these machines are equipped with
roller cone bits, which require significantly higher axial forces, approximately 200-300
kN, for successful operation. Additionally, intensive cleaning of the borehole and
cooling of the bit are necessary, typically achieved through compressed air flushing.

The relative share of rotary drilling in the total drilling volume is approximately
70%. In coal mines, rotary drilling rigs make up approximately 40% of the entire fleet
of rigs. In the horizontal position, the rig is secured using three hydraulic jacks. The
tower can be fixed in three positions (vertical, at an angle of 15°, and at an angle of 30°
to the vertical) using a special mechanism. Tilting of the tower and its transfer to the
transport (horizontal) position are carried out using two hydraulic cylinders, hinged to
the tower supports. The operations of lowering and raising, as well as screwing and
unscrewing of bits and rods, are mechanized The borehole is cleaned using an air-water
mixture. The rig is equipped with an air ventilation system with heating and
humidification of the air. The feeding mechanism is cable-hydraulic, which ensures the
movement of the rotary mechanism along the tower for the length of the rod (8 m).

1.2 The structure of a rotary drilling rig

In the front section of the machinery compartment, there are installed electrical
control cabinets, an oil pumping station, a hydraulic unit block, water pumps, and other
auxiliary equipment. In the rear section, two screw compressors and two cable drums
for automated laying of power cables are located. The operator's cab adjoins the front
section of the machinery compartment. In the cab, there is a control panel, a wardrobe
for special clothing, two seats, and a cabin heater. On the consoles of the right side of
the machinery compartment frame, a water tank is installed. Between the cabin and the

water tank, a tower for the machine is installed on two brackets.
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Figure 1.1 - SBSh-250MN machine handle

The drill string is driven by a DC motor through a gearbox and a rubber-cord
toothed coupling. The motor and gearbox are suspended on the cables of the feed
system and move along the guides of the tower following the support node of the drill
string. The stroke of the hydraulic cylinder pistons, which is 2 meters, ensures
continuous feeding of the rotary device for 8 meters, which is the length of the rod. The
cable-pulley system consists of upper and lower cables, the ends of which are
connected to the carriage of the rotary mechanism. When the cylinder rods move
upward, the lower cables are tensioned. When the rotary mechanism moves downward,
the hydraulic cylinders exert a force of 300 kN.

To tension the garland, a movable carriage is used, which, with the help of cable
6 connected to the rod of one of the cylinders, rises or lowers according to the rotary
mechanism, but travels half the distance. The cable tension is adjusted using adjusting

bolts or couplings.



The main working equipment of the SBSh-250MN drilling rig is mounted in the
tower, which, together with all the equipment, is suspended on special supports
attached to the structural elements of the machinery compartment. All drilling process
operations are performed using mechanisms mounted in the tower: rotating the drilling
tool, applying axial force to the tool, lowering and raising the drilling tool, assembling

and disassembling the drill string, and supplying an air-water mixture to the borehole.

S \

Figure 1.2 - Rotary Mechanism of the SBSh-250MN Drilling Rig

The main structural component of the tower is its frame - a welded steel structure
made of beams and angles. Using bushings, the tower rests on the frame of the
machinery compartment and can be installed in a vertical, inclined, or horizontal
position with the help of two hydraulic cylinders, the rods of which rest on a beam.
Inside the frame, guiding beams are fixed, along which the rotary mechanism and
tension carriage, suspended from the beam and supporting the garland, move during
drilling. On one side of the tower frame, a cassette is attached with four brackets, in
which three drill rods are installed. The mechanism for screwing the rods is located on
the lower belt of the tower frame. The lower end of the tower is covered with a shield
to prevent dust and drilling debris from entering the screwing mechanism. A hydraulic
unit block is provided for supplying the hydraulic cylinders of the cassette and
screwing mechanism. Bushings for supporting the rods during drilling inclined wells,
installation for diverting drilling debris from the borehole, and a winch are directly
installed on the mast. The mast is equipped with steps for inspection, maintenance, and
servicing.

The rotary mechanism of the SBSh-250MN drilling rig is designed to rotate the

drill string and transmit axial force to it. The drive of the rotary device is powered by



a direct current motor. The motor is attached directly to a specially designed gearbox
with its flange.

The rotation speed of the drill string is controlled by changing the rotation speed
of the motor of the rotating mechanism. Carriages, attached to the gearbox housing and
fitting into the guiding beams of the handle, ensure the fixation of the rotating
mechanism as it moves along the handle. The ends of the carriages are connected by a
crossbeam and a flange, on which a fan is installed for motor cooling.

A shaft-hub coupling is installed on the output shaft of the gearbox, which
connects it to the spindle of the support node. Axles are attached to the bearings of the
support node, to which the cables of the feed mechanism are fastened. The lifting of

the rotary device is carried out by means of cables.
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Figure 1.3 - Gear Coupling

The reducer of the rotary mechanism is a two-stage, single-speed, special design
with a total gear ratio of 11.05.

In the welded housing with a cover, shaft-gear and output shaft with gear wheel
are installed on roller bearings. The torque transmission from the motor shaft is carried
out through the toothed half-coupling and the gear ring. Gaskets with drains are welded
into the cover of the reducer for bearing lubrication. Inspection of the gear wheels and
oil filling are carried out through a window covered with a lid. An opening, closed with

a valve, is provided for draining used oil.



The gear coupling is designed to protect the reducer and the motor of the rotary
mechanism from vibration and to transmit torque from the output shaft of the reducer
to the spindle of the support node. The half-coupling, connected to the output shaft of
the reducer, is connected via an elastic cord shell and a toothed half-coupling with
splines to the half-coupling sitting on the spindle of the support node. The elastic shell
is pressed against the half-coupling and half-rings by bolts. A rubber ring is installed
between the half-rings. The support node serves to transmit axial force from the feed
mechanism to the drill string and to supply an air-water mixture to it. It consists of a
shaft installed in a crosspiece on roller and ball bearings, enclosed by a cover. The
sealing of the channel for supplying the air-water mixture to the shaft is achieved by
two seals, clamped by a ring and a sleeve in the cover.

The connection between the shaft and the gear coupling is spline-type and is
achieved by bolts and washers. A connector is used to connect the shaft to the drill
string. To supply the air-water mixture into the internal cavity of the rotating rod, the
cover of the support node serves, to which the mixture from the manifold installed on
the garland is supplied through a nozzle.

The locking of the shaft against rotation is carried out by means of a stopper
installed on the crosspiece and consists of a hydraulic cylinder, a bracket, and a lever.

The feed mechanism is a quadruple accelerating cable-pulley system driven by
two hydraulic cylinders, designed for feeding the drill string into the wellbore with a
tension of up to 300 kN.

The garland tensioning mechanism consists of a drum installed on a movable
carriage suspended on a cable. When the rods of the feed mechanism hydraulic
cylinders are extended (during feeding the string into the wellbore), the carriage
descends. When raising the drill string, the carriage also ascends. During the ascent
and descent of the carriage, the garland inserted into the groove of its drum, consisting
of a bundle of cables and hoses, wraps around the drum. The carriage moves at a speed
twice slower than the rotary mechanism, ensuring tension in the garland regardless of

the position of the rotary mechanism.



The cassette consists of a shaft installed in the slots of brackets on ball bearings.
The brackets are bolted to the metal structures of the handle. A jaw with stops is welded
to the upper part of the shaft, and a support is attached to its lower part. When installing
the drill string in the middle socket of the support, it presses the lever pedal, which,
with the help of a cable, rotates the latch into a horizontal position, overcoming the
resistance of the spring. In this case, the upper end of the rod is fixed in the jaw. When
installing the rod in one of the side sockets of the support, it is fixed by one of the
latches, which rotates into a horizontal position by the rod connected to the lever of the
corresponding socket. In this case, the spring is stretched. The rotation of the cassette
is carried out by a hydraulic cylinder acting on a lever fitted on the square lower end
of the shaft. During the rotation of the cassette, the next rod is fed into the borehole

axis or moved away from it.

Figure 1.4 - Mechanism for Connecting and Disconnecting Drill Rods

The mechanism for connecting and disconnecting drill rods consists of a housing
bolted to the metal structures of the handle, in which a ratchet mechanism is installed.
The rotation of the ratchet wheel, mounted in the housing, can be carried out by a
hydraulic cylinder through a dog or by a hydraulic motor through a gearbox.

On the upper part of the ratchet wheel, installed in the slots of the housing and its
cover using a bearing and housing, upper and lower plates of the ratchet mechanism
are fitted, connected by bolts with spacer sleeves. Between the plates, a two-way dog
1s installed on an axis, which allows the ratchet wheel to rotate in both directions during

the oscillating movement of the plates. In the center of the ratchet wheel, there is a



hole, and segments bolted to the wheel form a rectangular slot into which pads are
inserted. The pads are centered by a sleeve. Between the sleeve and the ratchet wheel,
damping rubber rings are placed.

During the disconnection of the drill rods, the pads are inserted into the slots of
the ratchet wheel and are connected to the flat surfaces of the ends of the lower rod,
while the upper rod is held from rotating by a wrench. Then, several reciprocating
movements of the ratchet lever are performed using a hydraulic cylinder, which leads
to the rotation of the lower rod, connected to the ratchet wheel, relative to the upper
one. Subsequently, the rods are disconnected using a hydraulic motor. The
disconnection of the rods occurs in reverse order. The dog must be moved beforehand,
and the hydraulic motor must be reversed, ensuring the rotation of the ratchet wheel in
the opposite direction.

The raising of the next rod during disconnection and the withdrawal of the
disconnected rod from the assembly are carried out by the cassette.

The steady rest is mounted on the handle in the front right section. The rod passing
through the steady rest is supported by two layers, one embedded in the housing and
the other in the fixing handle. It is raised to the working position by a cylinder that
rotates the housing relative to the axis. The handle grips and secures the rod in the
steady rest with the help of a hydraulic cylinder. Both hydraulic cylinders are equipped
with hydraulic locks to prevent unintentional movement. Control of the steady rest is
performed from the operator's cabin.

The machinery compartment and cabin of the SBSh-250M drilling rig are attached
to one of the beams of the chassis frame. The cabin with the control panel is connected
to the machinery compartment by a door. An insulated water tank is attached to another
beam of the chassis frame. The machinery compartment consists of two insulated
rooms - insulated and uninsulated, connected by a door. Additionally, the machinery
compartment has an entrance door. Various equipment and accessories, such as pumps,
a transformer, etc., are located in the insulated room, while the uninsulated room houses

a compressor and a distribution box.



For the horizontal positioning of the machine tool to the frame of the machinery
compartment, three hydraulic jacks are attached: two in the front on special brackets
and one in the rear directly on the frame. As the primary destructive tool on the SBSh
machines, roller cone bits are used. Additionally, cutting and combination bits can be
utilized. The drilling stems of these machines consist of smooth tubes with threaded
shanks.

1.3 Classification of drill bits

Roller cone bits for drilling explosive wells are manufactured according to the
standard "Roller Cone Bits. Types and Basic Dimensions." They are equipped with
one, two, or three cones. The most common ones are the three-cone roller cone bits. A
three-cone roller cone bit consists of three sections welded together - legs, on the ears
of which the cones are mounted, freely rotating on supports equipped with roller and
ball rolling bearings. The external working surfaces of the cones are equipped with
teeth. The upper part of the bit for connection to the stems has a standard locking

tapered thread.

Figure 1.5 Three-Cone Roller Cone Bit



With increasing water content in wells, the stability of roller cone bits decreases.
An effective means to increase bit stability in these conditions is the use of various
valve designs.

The anti-dust valve KD-3 was proposed by the Institute of Geotechnical
Mechanics. Between 40% to 80% of bits fail due to jamming and wear of supports
under normal operating conditions. One of the promising ways to increase the
durability of supports is their constant forced lubrication.

Currently in Ukraine, drilling equipment has been developed to provide
continuous forced lubrication to the supports and dust suppression with water injected
into the annular space. A 50-liter water tank ensures continuous operation of the drilling
rig for 35-40 hours. There was also a method developed for supplying lubricant to the
bit supports through an oil-deflecting sleeve installed in the central air flushing channel
of the bit. The sleeve ensures the release of lubricant present in the air stream and
directs it to the bit supports. The use of oil-deflecting sleeves increases the average
stability of the bit by 1.2-1.9 times and increases drilling speed by 11-20%.

Regarding cutting drill bits, there were several designs developed for drilling
wells with roller cone drilling rigs with air flushing. Removable standard inserts are
used as cutting elements for them, the number of which is increased compared to the
crowns for auger drilling rigs. To accommodate the inserts, the bodies of such bits are

made with three or four wings, which reduces the vibrations occurring during drilling.
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Figure 1.6 Cutting Drill Bit

1.4 Supply of Machines and Their Installation

The unloading of the machine at the quarry is carried out according to the loading
and unloading scheme developed by the manufacturer.

The installation of the machine is performed in the following sequence:

a) The platform with the body and mechanisms is installed on the crawler chassis
and secured to it;

b) The control cabin is installed and secured;

c¢) The mast is installed, to which the cylinders for raising and lowering the mast
are attached;

d) Equipment (fan units, filtration chamber, etc.) and air ducts of the dust
collection system (dust suppression) are mounted.

Machine control during drilling includes: preparatory work, assembly of the
drilling rig, drilling, disassembly of the drilling rig, replacement of drilling equipment.

Preparatory works consist of operations necessary to prepare the drilling rig after

its installation above the wellbore site. They are carried out in the following sequence.



Activation of the hydraulic system pumps. Activation is indicated by the green
light flashing above the pump activation buttons. The pressure magnitude in the
hydraulic system is determined by the pressure gauge set on the control panel.

Activation of the control valves for the hydraulic jacks ensures the horizontal
positioning of the rig. Initially, the rig is lifted using the rear jack, followed by leveling
with two front jacks. It is essential to ensure that the support plates of the hydraulic
jacks are firmly pressed against the ground surface. If necessary, the supporting surface
should be leveled. The correctness of the machine leveling is checked using the axis.
After completing the leveling, the weight of the rig should be supported by the
hydraulic jacks, with the support rollers of the crawler carriage raised above the lower
tracks.

If the mast was in the transport position during the rig's movement, the operator,
by activating the control valve, positions the mast vertically and secures it. After this,
if necessary, the mast can be set at an angle.

The reception cone of the dust collector is placed on the ground, ensuring
maximum possible tightness of the cone's contact with the ground.

Before starting drilling, the drilling rig operator must ensure that there are no
defects in the drilling equipment (rods and bits), and check for any clogged air
passages. If dirt gets into the air passages, they must be cleaned. The bit's cutters should
rotate freely and smoothly on their supports. If the cutters get stuck, their supports
should be flushed with kerosene. If defects are found on the bit that cannot be fixed
directly on the rig, the bit should be sent to the mechanical workshop for repair or to
the warehouse to lodge a complaint with the manufacturer. Before screwing on the bit,
the threads must be thoroughly cleaned and lubricated. The bit is screwed on until the
threaded connection is fully secured. When lowering the bit into the drilled well,

impacts should be avoided.



1.5 Drilling and Boring of Wells

Before the drilling operation, the spindle axis must align with the axis of the future
well. Then, spindle rotation and compressed air feed are activated, after which the bit
is slowly lowered to the bottom. Drilling without compressed air supply is prohibited.
When drilling in fractured and unstable rock formations, the well must be repeatedly
treated by raising and lowering the drilling tool with rotation and continuous air supply.

During drilling, the operator must control the parameters of the drilling process,
as well as the operation of all rig components. The axial force on the bit is regulated
using a hydraulic regulator.

Its magnitude is controlled by the reading of the electric network meter, the scale
of which is calibrated in tons of axial force. The rotation speed of the drilling string is
set by adjusting the speed control handle. The rotation speed is monitored by a
voltmeter, the scale of which is calibrated in revolutions per minute (RPM). The
mechanical drilling speed is determined for specific drilling conditions (axial force and
rotation speed) and is monitored by the voltmeter (drilling speed sensor), where one
division of the scale corresponds to a mechanical drilling speed of 1 m/h.

The current of the load of the rotational device's engine is determined by the
parameters of the drilling process and is monitored by the ammeter readings. In
addition to adhering to the drilling process parameters, it is necessary to monitor the
operation of all machine units according to the readings of the corresponding
instruments: the operation of the compressor according to the indications (oil pressure
in the lubrication system, air pressure, and oil temperature) on the control panel
installed in the control cabin; the operation of the working tool gearbox according to
the oil pressure sensor reading in the lubrication system; the operation of the hydraulic
system according to the pressure gauge readings. The oil temperature in the tank is
monitored by a sensor located in the tank, the signal from which is sent to the

temperature indicator installed on the control panel.



1.6 Features of drilling inclined wells.

For drilling inclined wells, special devices called steady rests are used on the
machine to hold the drill string in the inclined position. The construction of the jack
support plates promotes good traction between the machine and the ground, preventing
slippage.

There are some technological challenges associated with drilling inclined wells.
During the drilling process, the wellbore may deviate from the intended direction.
Additionally, in the inclined position, the drill string experiences a certain sag, which
can cause vibration of the drill string and the machine at significant rotation
frequencies. The kick-off of inclined wells shifts more intensively compared to vertical
wells. High rotation frequency of the tricone bit in this case is undesirable.

When tightening threaded connections of the drill string, it is necessary to ensure
that the threads of the connected rods do not shift relative to each other by more than
5 m and that the rod does not press against the cassette.

When dismantling the drill string, the lugs of the rods should be parallel to the
jaws of the cassette outlet. The alignment of the drill string axis with the corresponding
cassette socket is determined by the risks on the lower sector. The tension in the
threaded connections of the rods is released by a tightening mechanism. It is prohibited
to use abrupt movements of the drive electric motor for this purpose. When lowering
the swivel to connect it to the next removed rod, timely disconnection of the winch is
necessary to prevent sagging of the lifting cable.

For replacing the bit on machines of all types, special devices are provided. After
installation and fixing in the device, the bit is disconnected first with a hydraulic
wrench and then with an electric drive motor. Tightening the bit with the final rod is
done by rotating it with the drive motor while the bit is stationary.

Controlling the machine during relocation: the first and mandatory condition to
be met when preparing the machine for relocation is attaching the cassette to the
carriage using the locking mechanism, as well as securely locking all rods in the
cassette locks. Before starting the movement of the machine, it is necessary to check if

the support jacks and the dust collection chamber of the dust collection system are



raised to the upper position, and if the final rod is blocked and raised to a sufficient
height. By pressing the button on the portable control panel, check: the ability to move
the tracks forward and backward; absence of cracks; turning the machine right and left.
After this, you can move in the specified direction, controlling the movement of the
machine using the portable control panel.

1.7 Care for the drilling machine

For the proper operation of the drilling machine, it is necessary to understand its
construction and the purpose of individual mechanisms. All requirements for
controlling, adjusting, lubricating, and servicing the machine must be carefully and
timely executed.

Before starting the machine, it is necessary to: check the reliability of the fastening
of individual mechanisms to each other and to the platform; adjust the tension of the
tracks, the operation of the track drive brakes and winch brakes, and the operation of
the hydraulic chuck; check the presence and level of oil in the gearboxes, in the tank,
and the tightness of the nipples and connecting nuts of the hydraulic system; lubricate
all lubrication points according to the lubrication indicators; check the attachment of
the cable to the swivel and winch drum, as well as the condition of the electrical
equipment and the correctness of the rotation direction of the machine's electric motors.
After completing all these requirements, the machine can be started.

During the operation of the machine, controlling it involves careful observation
of the individual mechanisms and monitoring the readings of the control and measuring
instruments. Any abnormalities in the operation of the mechanisms should be promptly
addressed. It is necessary to monitor the oil temperature in the gearboxes and hydraulic
system, as well as bearing heating. All connections of the hydraulic system should be
observed, preventing oil leaks, as well as the operation of leveling hydraulic cylinders.
After stopping the machine, it should be cleaned of dirt, dust, and oil, and in winter (at
low temperatures), the oil should be drained from the hydraulic system and

CoOmpressors.



1.8 Description of the electric drive

The machine is powered by electricity from a low-voltage AC network with a
voltage of 380 V or a high-voltage network with a voltage of 6000 V using a flexible
cable. Rotary drilling machines have multi-engine drives. The total installed power of
the electrical equipment of the SBSh-250MN machine is approximately 400 kW. The
machine has a main drive for the rotational mechanism with a power of 68 kW.

To power the motor of the rotational device and for the flushing of the well with
an air-water mixture to the rotational mechanism, a festoon with an electric cable, air,
and water hoses is provided. The sagging and damage of the festoon during the
lowering and lifting of the rotational device are eliminated by a special tensioning
mechanism kinetically linked to the feed mechanism. Electricity to the machine is
supplied by a flexible cable from a low-voltage AC network with a voltage of 380 V.

The drive of the rotational mechanism is equipped with an AC motor. The
asynchronous motor with a squirrel-cage rotor has gained quite widespread use. The
feed drive of the drilling tool is provided by a hydraulic system containing motors of
the lubrication station. The control, protection, and signaling equipment consist of a
control station, panel of automation and starters of the control panel, control post, and
remote control panel.

All machines are equipped with both external and internal lighting. For repair
lighting, there is a portable lamp and two sockets. Transformer TV1 of type TC3-4/0.5
is used to supply voltage of 220 V to the control circuits and lighting of the machine,
and AC asymmetrical automatically disconnects the input switch in case of single-
phase earth faults. Power supply to the control circuits is provided by automatic switch
QF3, connection of powerful electrical consumers to the network with a voltage of 380
V - by switches A3712, A3114, and AP50-3M. The installed power of the powerful
electrical equipment is 386 kW. Three cores of flexible cable KRShK 3x150 + 1x50,
supplying voltage of 380 V, are connected to the cable input of the machine, and the
fourth grounding core - to its body. The input automatic switch (QF1) of type A3712

has an electromagnetic drive, which allows it to be controlled from the operator's cabin.
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BucHOBKH

1. V npencrapneHii 6akamaBpChKiii poOOTI pO3MISIHYTI MNPUHIMUI Aii Ta Oy/noBa BEpCTATIB IIAPOIIEYHOTrOo OYypiHHS Yy MpeacTaBIEHIN
OakanaBpchKiii poOoTi. Po3pobiiena cucrema yrpaiiHHS enekTpornpuBogoMm OypoBoro Bepctata CBII-250MH. By oOpanuii npuBimHuit

enekrpoasuryn tumy 4A280S6 Y3. O6pano nepersoproBay yactotd Ty SINAMICS G120C (6SL3210-1KE31-7UF1).

2. [IpoBeneHO MOIETIOBaHHS €IEKTPOTIPUBO/IY 3 BEKTOPHUM KepyBaHHAM. byna po3pobiieHa 1 peanizoBaHa, 3a JOMOMOTOI0 MaKETy Mporpam

MATLAB, cuctema ynpapiIiHHS €JISKTPOIPHUBOIOM OYPOBOTO BEpCTATy 3 ACHHXPOHHHUM JIBUTYHOM.

3. B mporeci mocaimkeHHss OyJI0 BUBYCHO Ta aHAII30BAHO OCOOJIMBOCTI €IEKTPOMEXaHIYHHUX CHCTEM, METOJHM MOJICTIOBAHHS Ta CHHTE3Y
KOHTPOJIEPIB aCHHXPOHHUX JBUTYHIB. Po3po0ieHa cuctemMa IEMOHCTPYE BHCOKY HAAIHHICTh 1 €(QEKTHBHICTh y pEAThHUX YMOBAX

eKCITTyaTallii, o MiATBEPKYEThCS PEe3yIbTaTaMU EKCIIEPUMEHTAIBHUX BUIIPOOYBaHb.

4. YacTtoTHE YNpaBIiHHS JBUTYHAMH 3MIHHOTO CTPYMY € €KOHOMIYHUM, OCKUIbKM BOHO A03Bojsie 30epertu Bucokuit KKJ[ nBuryna,
3a0e3reuye K JIBUTYHOBI, TaKk 1 TaJdbMIBHI PEXKHUMH POOOTH, MAa€ XOPOINIY KOPCTKICTh XapaKTEPUCTHUK 1, 10 HAWTOJOBHIIIE, J03BOJISIE

BUKOPUCTOBYBATU B SIKOCTI MPUBITHOTO ACUHXPOHHUI KOPOTKO3aMKHEHUH JIBUTYH.

5. OTpumani pe3ynbTaTd CBIAYATH PO MOKJIMBICTH BUKOPHCTAHHS 3alpONOHOBAHOI CHUCTEMHU B IHAYCTPIaJbHUX 3aCTOCYHKaX, LIO
COPUATUME IIJBUILEHHIO MPOAYKTUBHOCTI Ta 3HWKEHHIO BHUTpAT €HEprii y mpoieci mapouieyHoro OypiHHs. Iloganblni HanmpsaMmKu
JOCIIJPKEHb MOXYTh BKJIIOYATH ONTHUMI3ALII0 CUCTEMH YIPaBIIHHSA 3 METOIO Il OLIBIIOro MOKpalleHHs i eeKTUBHOCTI Ta pecypcy. Y
LIJIOMY, PO3pOOJICHUN aCUHXPOHHUN €JIEKTPONPHUBII MPEACTABIIAE€ COO0I0 3HAYHUN KPOK y HANPSIMKY BIOCKOHAJIEHHS TEXHOJOTIN OypiHHS

CBEPJIOBUH, 3a0€3Meuyour HeoOX1AH1 TEXHIYHI Ta eKOHOMIYHI MepeBaru isl IHyCTpii.
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