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PED®EPAT
kBasti(ikariitHoi poboTu GakanaBpa
«Po3po0sIeHHS CUCTEMH KEepYBaHHS €JIEKTPOIPUBOIOM OapabaHHOTO
CYUIMJIBHOTO arperary»

PoGota mictuth 59 cTopiHok, 12 JiTepaTypHHX JKEpe.

KitouoBi cnoBa: 6apabaHHui CyIIWIBHUN arperar, cUCTeMa KepyBaHHS,
ACUHXPOHHUH ABUTYH, IEPETBOPIOBAY YACTOTH.

Y OakamaBpchkili ~ poOOTI  po3polOiieHa  cucTeMa  YNpaBIiHHA
eJIEKTPOTPUBOIOM OapabaHHOTO CYIIMIBHOTO arperaTy, 3a CXeMOIO MePETBOPIOBaY
YaCTOTHU -aCUHXPOHHUM NBUTYH. POo3po0sieHO MaTeMaTuuHy Ta BipTyajlbHY MOJEI
MPOMOHOBAHOTO  eNeKTponpuBoay. JlocmipkeHHS  BIpTyalibHOI  MojzeNl B
cepenoBuii Matlab mokazano rapHy SKICTh NEpeXiIHUX IMPOILECIB, SKi

BIJIMOBIIAI0OTh BUMOTaM T€XHOJIOT1YHOTO TIPOIIECY.

ABSTRACT
bachelor's qualification work
"Development of the electric drive control system of the drum drying unit"

The work contains 59 pages, 12 literary sources.

Keywords: drum drying unit, control system, asynchronous motor, frequency
converter.

In the bachelor's thesis, the control system of the electric drive of the drum
drying unit was developed, according to the scheme of the frequency converter -
asynchronous motor. Mathematical and virtual models of the proposed electric drive
have been developed. The study of the virtual model in the Matlab environment
showed a good quality of transient processes that meet the requirements of the

technological process.
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BCTYII

OCHOBHHMII HamnpsSIMOK BHUPOOHHUYOI [ISVIBHOCTI I1€Xy — BHPOOHHUIITBO
pocIuHHUX Macen. BugoOyBaHHs 0111 BKIIIOYA€E Taki CTadii: MATOTOBKA CHPOBUHU;
dbopnpecyBanHs; (QUIbTpalliss CUpOi OJIii; eKCTpaKIiio OJii 3 MaKyxu; pO3/iabHa
padinartist GopnpecoBoi Ta €KCTpaKIiHHOI OJil; BiAOUIIOBaHHS Ta BIHTEpU3AIlif;
neszonopauis omii. Ha nmanuit yac TOTYXHICTh MIANPUEMCTBA JO03BOJSIOTH
nepepoOsisatu 10 200 TUCAY TOH COHSIITHUKY Ha PIK.

VY 0OapabaHHuX cyliapkax OCHOBHUM pOOOYMM OpraHOM € IYCTOTUIMIA
CTaJICBUM IMWITIHAP, 1110 00EpTAETHCS, IKUN Ha3UBAETHCS OapabaHoM. Y cepeuHi Mo
KOJIy YKPIIUIEH1 BUTHYTI JIOTIATI, sIKi pu 00epTaHHi OapabaHa 3aXOIUTIOI0Th HACIHHS,
10 3HaXOAUTHCS BHU3Y, 1 MIJHIMAIOTH HOro. ¥ Mipy miaidomy JjonaT HACIHHS
3CUMAEThCS 3 HUX 1 PO3MOJUISETHCA IO PO3TAIIOBAHUM YycepeauHi OapabaHa
MOJINYKaM, SIKI MOXYTh MaTH pi3Hy Qopmy. [Ipu obepranHi Gapabana HaCiHHS
NEPECUNAETHCS 3 OJUYKU HA MOJUYKY 1 TAKUM YHHOM PIBHOMIPHO PO3NOISETHCS
110 BCbOMY Tlepepi3y HOTro; Mpu IbOMY BOHO IPOHU3YETHCA areHTOM CYILIHHSA, 110
pyXaeTbcsi B3A0BXK Oapabana. [l mepemileHHs HaclHHS B3IOBX OapabaHa
BCTAHOBITIOIOTH MOTO 3 HEBEJTUKUM HaXWJIOM. PyX MOBITps 3a3BUYaii BiIOYyBAETHCS Y
HAMpPSIMKY pyXy HACIHHs, IO CIIPUsi€ MPUCKOPEHHIO BUXOy 3 Oapabana. bapaban
CIUPAETHCS HAa POJIUKHU; TPU HEBEIIMKUX Po3Mipax Hamndu, yKpirieHi 3 000X TOPIIiB,
CIUPAIOTHCA Ha MAIUITHUKY. bapaGaHH1 cylapKku MpaiorTh il PO3P1LIKEHHSIM,
1100 YHUKHYTH BUTOKY IOBITPS Y€pe3 HELIIIbHICTh Ha30BHI. 3 OOKY HaJXOKEHHS
HaciHHS B OapabaH 1 3 00Ky BUXOY 3 HHOTO IepeadadaroTh KOB3awui J1a0ipUHTOBI
VIIUIBHEHHS, $IKiI, HE 3aBaKaluW OOCEPTAaHHIO, OJHOYACHO TEPEeIIKOKAIOTh
MIPOXO/IKEHHIO MOBITPs Becepeauny. [Ipu O6araropazoBoMy nepecuIiaHdi HaCiHHS 3
MOJIIIl Ha TIOJIUIIO MM 4ac oOepTaHHS OapabaHa BOHO M00pe MEPEeMINIyEThCS 1
pPIBHOMIpHO TIpocyIryeThesa. HaciHHA 3HaxomuThbesl B OapabaHi B PO3MYHICHOMY
CTaHl, TOMY CYIIIHHS HOro 3Ha4HO MPHUCKOPIOEThCA (B 2-3 pa3u) B MOPIBHSIHHI 3
CYIIIHHSM HACIHHS, IO JICKUTH MUTHHUM IIapOM y MIAXTHUX CYIIApKaX; 3HIKCHHS

BOJIOTOCTI HOTO 3a MPOITyCK yepe3 OapadaH 3a yMOBU 30€pEKEHHSI IKOCTI CTAHOBUTH
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4—5%. 3anoBHeHHs o00'eMy Oapabana crtaHoBuTh (20-25%), KUIBKICTB
BUIIAPOBYETHCSI B HHOMY BOJIOTH (BOJIOTOHAIpyTa) Impu TemmepaTypi nosiTps 150-
200 °C 3maxonuthes B Mexkax 20 - 40 kr/m® Ha roguny [1].

AxtyanpHicTh TeMU. CydacHUI €eKTPOIIPUBO]T € KOHCTPYKTHBHOIO €THICTIO
CJICKTPOMEXaHIYHOTO nepeTBoproBaya eHeprii (1BUTYHA), CHJIOBOTO
NEepeTBOpIOBaYa Ta IMPUCTPOIO YIpaBliHHA. BiH 3a0e3neuye mnepeTBOpEHHS
CJIEKTPUYHOI €Heprii Ha MEXaHIuHy BIAMOBIIHO JO aIrOpuTMy poOOTH
TEXHOJOr14HO1 ycTaHOBKM. Cdepa 3acTOCyBaHHsS €JIEKTPUYHOTO IPUBOAY Y
IIPOMHUCIIOBOCTI, Ha TPAHCHOPTI Ta y MOOYTI MOCTIHHO pO3MIMPIOETHCS. B nanmii yac
Bke Ounbie 60% Bci€l eNeKTpUYHOI €Heprii, 1o BUPOOISIETHCS Yy CBITI,
CIIOYKUBAETHCS CJIEKTPUYHUMHU JIBUTYHAMH. OTtxe, e(pEKTUBHICTh
€HEepro30epiralounx TEXHOJIOTIH 3HAYHOK MIPOI0 BU3HAYAETHCA €(EKTHUBHICTIO
eJIeKTponpuBoay. Po3poOka BUCOKONIPOIYKTUBHUX, KOMIIAKTHUX Ta €KOHOMIYHUX
CUCTEM IIPUBOJY € IPIOPUTETHUM HANPSIMKOM PO3BUTKY Cy4aCHOI TEXHIKH.

[lepcrieKTHBY BIOCKOHAJICHHS €JIEKTPUYHOTO MPUBOAY CYITUIBHOTO arperaTy
OCbh y YOMY:

- OOIpyHTOBAHO JOLUIBHICTH PO3POOKM  IHJIMBIAYadbHOTO YaCTOTHO-
KEPOBAHOT'0 ACUHXPOHHOTO €JIEKTPONIPUBOLY JUISl CYIIMIIbHOT YCTaHOBKHU;

- OOrpyHTOBaHO BHOIp pAaIiOHAIILHOTO 3aKOHY YaCTOTHOTO KepyBaHHS
€JIEKTPOTIPUBOIOM CYIITMIIBHOI YCTaHOBKH;

- OTpYMMaHi OCHOBHI aHAJIITUYHI CHIBBIIHOIICHHS JJI YaCTOTHO-KEPOBAHOTO
€JIEKTPOTIPUBOIY CYIIMIIBHOT YCTAaHOBKHU;

VY 3aBHaHHs BXOJIUTH PO3TIIA] KOHCTPYKTHBHHX OCOOJTMBOCTEH MeXaHi3My,
BUOIp JABUTYHa Ta 4YacTOTHOTO TMEPETBOpIOBavya JJii HBOIO Ta PO3PAXyHOK

MOTYKHOCT1, CUCTEMAa KEPYBaHHS TOIIIO.



1 OIIMC TEXHOJIOTTYHOI'O ITPOLECY

1.1 Onmc TexHoJIOrii BUPOOHMUTBA TAa MEPCHEKTHBH YIO0CKOHAJCHHSA

CJICKTPUYIHOI'O IPUBOAY CYHIHJIBHOI'O arperarty

Ha mianpuemcTBi a00yBaHHS ol BKIOYAe Takl CTajii: IMATOTOBKA
CUPOBHHH; (opripecyBaHHs; (PUIbTpalliss CUPOI OJIIi; eKCTPAKI[II Ol 3 MaKyXH;
po3ainbHa padiHais GoprpecoBoi Ta eKCTpaKIIHHOT Oii.

Ha eramni niJroToBKU HaCiHHS /10 BHJIYYEHHS OJIii [IPOBOJUTHCS X OUUIICHHS
B1J 3a0py/HEeHb Ta CMITTS, KaJiOpyBaHHs 3a po3mipamu. Jlami ciijgye oOBajeHHs
HACIHHS, JPOOJICHHS PYLIaHKH, TOAPIOHEHHS sipa.

Hactynuuit eran — ne ¢opnpecyBanns. DoprpecyBaHHs 1ie¢ OTpHUMAaHHS
POCIMHHOI OJlii 3 OYMIICHOro 1 MOJAPIOHEHOro HACIHHA, LUISIXOM BIKUMY
(npecyBannst). Ha nanomy erami moxkna BUTATTH Big 60% no 85% omii. Takuii
BI/DKUMaHHS Ha3UBAETHCS «XOJIOJHUM BI/DKUMOMY, @ OTPHMaHE Macjio Ha3UBAEThCS
cupuM. [lami 01110 BIICTOIOIOTE 1 BUPOOIISIFOTE (DUIBTPALLIO ISl 3BUILHEHHS OJii B1Jl
CYCIIEH/IOBaHHX Y HbOMY YaCTHHOK.

CytHicte (inpTpamii mnosisirac y MpOJABIIOBAHHI OJii 4Yepe3 IOpH
HaIlIBIIPOHUKHOI IE€PErOpOIKH, Yepe3 Ky MPOXOAUTH PiJIKe cepeoBullle (Maclio) i
He NPOXOAUTH (200 Maiike He MPOXOAUTH) CYCIICH/I0BaH1 YaCTUHKH.

Makyxa oTpuMmaHna Ticis ¢GomnpecyBaHHS BIANPABISIOTh Ha €KCTpakiiio. B
OCHOBI TPOLIECY EKCTPaKIlli JISKUTh 3AaTHICTb POCIUHHUX OJIA PO3UYMHSTUCA B
OpraHIYHUX PO3UYMHHUKAX. SIK PO3UMHHHUKU [JIs BWIYYEHHS Ol 3 POCIMHHOT
CUPOBHMHHM 3aCTOCOBYIOTh EKCTPAKIIIWHNN OCH3UH MapKku «A» 1 HepaKc.

Padinamiss cknmagaeTbcs 3 TakMX CTaAld: Trigpataiis, HeWTpasizalis,
BiJIO1TIOBaHHS, BAMOPOYKYBAaHHSI, 1€3010PAITisl.

OcHoBHa MeTa rifjparailii — BUIydeHHs 3 HepadinoBaHoi omii pocharumis Ta
NEeSKUX TIAPO(MUIbHUX pedyoBUH. Macio oOpoOJsitoTh pPO3YMHOM JIMMOHHOI abo

dbochopHOi KHCIOTH, a TMOTIM BHUPOOJSIOTH MOALT (a3 3 BHUKOPUCTAHHAM
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cemaparopiB  ab0 €MHICHUX amapaTiB 3 TPHUCTPOEM, MO0 TMEpeMilrye -
HENTpaIi3aTopis.

Heitrpanizaiiis Bkirouae mpoiiec 00poOKH 0111 JIyroM ISl BUIATICHHS SKUPHUX
KHCJIOT.

BinbunoBaHHST BHUKOPUCTOBYEThCS  JUIi  TPOBEACHHS  ajcopOIiitHOro
OYMILIEHHS B1Jl PI3HUX MIIMEHTIB Ta 3alHIIKIB (ocdhaTuIiB Ta MUIA MICHIS JTYKHOI
HelTpaiizauii. Sk aicopOeHT, sk paBuII0, BHKOPUCTOBYIOTh KHCIIOTHO aKTHBOBAHY
BIJIOIIBHY 3eMJIIIO (TJIMHY ) — PUPOIHUNA MIHEPaJl MOHTMOPUIIOHIT.

BumoposkyBaHHS (BIHTepU3allisi) BUKOPUCTOBYEThCS Uil BUJAJICHHS 3 OJIIH
BOCKOMOJIOHMX  pedoBuH. [lpoBoauThest y  cHeliajbHHX — amnaparax —
KpHCTalli3aTopax Ta eKCro3uTopax. Y mpoieci BAMOPOKYBaHHS Maclio 3MIIIYIOTh 3
KU3eJIbIrypoM, abo MepaiToM 1 MOBUIBHO OXOJIO/KYIOTh 10 TeMmmepatypu 53-8 °C,
MOTIM BUTPUMYIOTh KUIbKa F'OJIMH 1 BIANIPABIAIOTE HA (LIbTpallito.

Jleszonopaniss € 3aBepmiajiibHOO cramiero. Omisi, MO 3HAXOJUTHCS B
ae3oaoparopi, oOpoOISETECS FTOCTPUM MapoM Ipu TeMriepatypax 225 - 260 °C, 1
3aJIMIIKOBOMY THCKY 1-3 MM.pT.cT. B pe3ynbTaTi NpOBOAUTHCS BH/IaJICHHS pEUYOBHH,
1110 O/IOPYIOTh, NECTUIM/IB, TepOIU/IIB 1 KUPHUX KUCIIOT [2].

Cy1iHHS HaciHHS JIO3BOJISIE€ MOMITHO MOKPAUIMTH SKICTh POCIMHHOI OJii, a
TaKOXK 30UTbIIye TepMiH 30epiraHHs Ha CKJIajax, TaK SIK HAclHHA 3 BOJIOTICTIO
Outble 7 BIICOTKIB IIBUKO NMCY€EThesl. BUX0As4H 3 IbOTO, 51 BBaXKaro 3a HEOOX1HE
BIOPOBAJUTH Y TMpollec BUPOOHUITBA CIElalbHY YCTAaHOBKY JUISi CYIIIHHS
CHPOBHHH.

Posrnsaemo BuOpany cymiapky 6apadanHoro tumy. Y 6apabaHHUX cyliapkax
OCHOBHHMM POOOYHM OPTaHOM € MyCTOTIIUHN CTaleBUN MUJIIHID, MO0 00epTAETHCS,
3BaHUM OapabaHoM. YcepeaMHi MO KONy YKpIIUIEHI BHUTHYTI JIONaTi, SIKI TpH
oOepTanHi OapabaHa 3aXOIUTIOIOTh HACIHHS, 0 3HAXOIUTHCA BHU3Y, 1 MiJHIMAIOTh
Horo. YV Mipy migiioMy JIONaT HACIHHS 3CHIIAETHCS 3 HUX 1 PO3MOIUISETHCS IO
pO3TalIoOBaHUM ycepeanHi OapadaHa MOJUYKaM, sIKI MOXKYTh MaTH Pi3Hy (opmy.
[Tpu obepranHi 6apabaHa HACIHHS TIEPECUITAETHCS 3 TIOJMYKUA HA TIOJIMYKY 1 TAKUM

YUHOM PIBHOMIPHO PO3MOIUISIETHCS MO BCHOMY IEpepi3y MOro; mpu LbOMY BOHO
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NPOHU3YETbCS AareHTOM CYIIIHHA, [I0 PYXaeTbcsl B3IOBXK Oapabana. Jlns
MEepEeMIIICHHsT HACIHHS B3J0BX OapabaHa BCTAHOBIIOIOTH HOTO 3 HEBEIMKUM
HaxwioM. Pyx moBiTps 3a3BuYail BiIOyBaeThCS B HANPSAMKY PYXy HACIHHA, IO
crpusie IPUCKOPEHHIO Horo BUXoAy 3 Oapabana. bapaban crimpaeThCcsi Ha POJIUKH,
IIPU HEBEJIMKUX po3Mipax Horo mamndu, yKpirieHi 3 000X TOPIIB, CIIUPAIOThCS Ha
MIIAITHAKA. bapaGaHHi cylapKy IpaliooTh i pO3PIHKEHHM, 11100 YHUKHYTH
BUTOKY TMOBITPSI 4Yepe3 HEUIUIbHICTh HA30BHI. 3 OOKYy HAIXOPKCHHS HACIHHS B
Oapaban 1 3 OOKy BHUXOJYy 3 HBOIO IepeadavyaroTh KOB3ar04i JIaOipUHTOBI
VIIUIBHEHHS, SIKI, HE 3aBa)Kaloul OOEPTaHHIO, OJHOYACHO IHEPEIIKOKAIOTh
MPOXOJIKEHHIO MOBITPs Beepeauny. [Ipu O0araropazoBoMy nepecuriandi HaCiHHS 3
MOJIMIIl Ha TOJUITO MMiJ yac obepTaHHa OapabaHa BOHO J1I0Ope MepeMillyeThes Ta
PIBHOMIpHO Mpocyuryerbes. HaciHHS 3HaxoauThecs B Oapa®aHi B pO3MYyLIEHOMY
CTaHl, TOMY CYIIIHHS HOro 3Ha4YHO MPHUCKOPIOEThCA (B 2-3 pa3u) B MOPIBHSIHHI 3
CYIITHHSM HACIHHS, 10 JICKUTH MUTBHUM IapOM y MIAXTHUX CYIIApKaX; 3HIKECHHS
BOJIOTOCTI MOT0 3a MPOITyCK yepe3 OapadaH 3a yMOBHU 30€pEKEHHS IKOCTI CTAHOBUTH
4—5%. 3anoBHeHHs o00'eMy Oapabana craHoBuTh (20-25%), KUIBKICTD
BUIIAPOBYETHCSI B HHOMY BOJIOTH (BOJIOTOHAIpyTa) mpu TemmepaTypi nosiTps 150-
200 ° 3HaxoxuThesa B Mexax 20 - 40 kr/m® Ha roguny [3].

Bubupaemo cymapky craiiioHapHYy 3epHOBY cylIapKy 6apabaHHOro THIY, fiKa
HaBefeHa Ha puc. 1.1, me 1 - ckpeOkoBHii TpaHcopTep cUporo 3epHa; 2 -
caMoIUIUBHA TpyOa; 3 - Oapaban; 4 - BeHTHIATOD; 5 - Kamepa, 110 BIABOAUTE; 6 -
CKpeOKOBHUI TpaHCHIOPTEp ISt CyXOro 3epHa; 7 - IIHEK; 8 - BeHTUISATOP XOJIO/IHOTO
noBITps; 9 - oxoso/uKyBallbHa KoJloHKa; 10 - mumo3oBuit 3atBop. C3Ch-8. Cupe
HaCIHHS 3 NpUIMaJIbHOTO OYHKepa, M0 MiJHIMAEThes CKPeOKOBUM TPAHCIIOPTEPOM,
caMOIUIMBHOKW TpyOoro mortparuisie B Gapaban jaiamerpom 1600 MM 1 JOBXKHHOIO
8000 MM, SIKHii CIUPAETHCsE HAa YOTUPH MAapH POJIUKIB 1 poOouTh 8 06/xB. HaciHHs, o
HaIHILIN 11171 Yac oO0epTaHHs, PIBHOMIPHO PO3MOJILISETHCS 10 CEKTOPaX 1 NOJIUYKaxX
BcepeinHi OapabaHa.

ATEHT CYIIIHHS BIICMOKTYEThCS 13 3MINTyBaIBHOI KAMEPH TOIKH, POXOAUTH

yepe3 OapabaH, MNPOAYHOYM HACIHHS, M0 TMEPECUNAEThCS 110 TOJIMYKaX, 1
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BEHTUWJISITOPOM (Ha OJHIM OC1 3 €EeKTPOJBUTYHOM) BUKUIAEThCA Ha30BHI. Hacinus
3 bapabaHa HaTXOIUTh y KaMepy, 10 BiBOJIUTH, 3 SKOi Yepe3 ILII030BUI 3aTBOP
3CHITA€THCS Ha CKPEOKOBHIA TPAHCIIOPTEP 1 MOJAAETHCS iM HA IITHEK, [0 CITY>KHUTh IS
3aBaHTAXKEHHS OXOJIO/DKYBaIbHOI KOJIOHKM. Hajnmumox HaciHHS 13 IIHEKa

3CHITA€THCS 110 CAMOILIMBHIN TPYOI i1 0XoomKyBay [4].

Pucynok 1.1 - Bapa6anna 3eprocyiapka C3CB-8 [4]

Oxoo/KyBallbHa KOJIOHKA CKJIAAa€Thesl 3 IBOX BePTHUKAIbHUX LUIIHJPIB 13
nepdopoBanrmH cTiHKaMu. J{iameTp BHYTPIINIHBOTO LMWTIHAPAa KOJOHKH 760 MM,
30BHIIIHBOrO 1260 MM, Bucora kosoHkH 2750 mm. Ilpoctip Mik cTiHKaMu
LUIIH/PIB 3alIOBHIOETHCS MPOCYIICHHM HaclHHAM. ATMocdepHe MoBITpsS BXOUTh
Yyepe3 OTBOPH B CTIHII 30BHINIHBOTO IWIIH/IPA, IPOAYE HIap HACIHHSA 1 HAIXOAUTh Y
BHYTPIIIHINA LATIHJP, 3BIAKH BICMOKTYEThCS BEHTHISTOPOM (TaKOK Ha OJIHIH OcCl
3 ENeKTPOJABUIYHOM) Ta BHUKHUIA€Thcs HazoBHI. HaciHHA 3 0X0J10/1KyBalbHOI
KOJIOHKHU BHITYCKalOTh Yepe3 IUIK030BUM 3aTBOP.

Tonka cymapku Ha piIKOMY MaluBl CKJIQJA€TbCS 3 JBOX BEPTUKAJIBLHUX
MUTIHAPIB, 3 IKUX BHYTPIIIHIN CIY>KUTh KAMEPOIO 3TOPSIHHS. Y HIDKHIM YacTHHI 11
BCTAHOBIIIOIOTh (POPCYHKY TroJjikoBoro Tumy. [lanuBo mopaerbcs 10 (POpCyHKH
HACOCOM 1 pPO3MOPOIIYETHCS MOBITPSM, SIKE HAarHITAETHCS BEHTHJISTOPOM BHCOKOTO
TUCKY 3 TPHUBOJOM €JEKTPOJABUTYHA. Y BEpXHIA YaCTHHI KaMepH 3TOpPSHHS
BCTAHOBJIEHO BinOMBay. [IoBITpsS UIsi OXOJOJKEHHS CTIH KaMepu 3TOPSHHS

HAJXOJUTh 3HU3Y B KUTBLEBUN MPOCTIp MK HuIiHApaMu. Lle moBiTps moeqHyeThCsS
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3 TONKOBMMHM Ta3aMH MpPU BHUXOAl iX 13 Kamepu 3ropsHHS. [l 3HMKEHHS
TEMIIEPATYpPHU MOBITPS 30BHIIIHE MOBITPS MiABOJUTHCS Yepe3 BIKHA.

JInist 3MEHILIEHHs BTPAT TEIUla B HABKOJIMIIHE CEPEJOBUIIE 1 00 YHUKHYTH
OITIKIB 0OCIIyTOBYIOUOT0 MIEPCOHAITY, OTOPOKYIOTh TONKY HMIIHAPUIHUM KOKYXOM.
Han Tomkoio BcTaHoOBieHa KopoOka 3MillyBada, Ha sIKii 3MOHTOBaHa
po3TouyBasibHa TpyOa. Y KOpoOLi € ABepusATa AJis PEryIIOBAHHS BIYCKY MOBITPSL.
3aciiHka JUIsl IEpEeMUKaHHS areHTa B CyIIapKy, a TAaK0XK 3aciIiHKa pO3NallOBaIbHOI

TpyOu OJIOKOBaHI Tak, 110 MPH BIIKPUBAHHI OJHIET 3 HUX 1HIIIA 3aKPUBAETHCS.

1.2 ®dizuko-MexaHiYHi BJIACTUBOCTI CHPOBUHH

BaxnBoro (Hi3MKO-MEXaHIYHOK BIIACTUBICTIO POCIMHHOI CHPOBHHH SIK
00'eKTa CYIIIHHS € CHIKICTh, 1[0 XapaKTEPU3YEThCS KyTOM MPHPOJHOTO YKOCY.
BusHavyanbHe 3HaueHHs Ha CHIIKICTh HACIHHS COHSIIHMKA HAaJalOTh BOJIOTICTH
HACIHHS, BMICT CTOPOHHIX JIOMIIIOK Ta HOTO XapakTep, 1 HaBiTh IIOBEPXHIO, SIKOIO
nepeMillytoThes HaciHHS. KyT NpHpoJHOro yKocy CyXOro HaciHHSI COHSIIIHHKA
KonuBaeThest Bifg 27 go 35 °C, Bonororo - jgo 42 °C, mo 3Ha4yHO BHIE, HIK Y
3MaKOBUX KyJbTyp. Lli 0coOIMBOCTI HACIHHS COHSIIHUKY BHKJIMKAIOTh MEBHI
TPYJHOIII 3a 1i MOTOKOBOI 00OpoOKkH. Jlerki HACIHMHH, MalO4d MiJABULICHUI
KOeIIIEHT BHYTPIIIHBOIO TePTs, Ha JEAKUX JAUISHKAX TEXHOJOIIYHOI CXEeMHU
IepecyBarOThCs MOBUIBHIIIE, HIXK 36PHO KOJIOCOBUX KYJIBTYp a00 KyKypya3u. Tomy
npu poOOTI 3 HACIHHAM COHSIIIHUKA TPYOU 3epHOCYIIAPOK MOBHHHI MaTH OLIBIINAN
J1aMeTp 1 IX BCTAHOBIIOKOTH IT1J] BEIMKUM KYTOM HaXHITy.

HasBHICTh MOBITPSHOTO MPOIIAPKY MK SIAPOM Ta IUIOJAOBOIO OOOJIOHKOIO
HACIHHS, a TAKOXX 3HAYHUU BMICT KHUPY € MPUINHOIO HIDKYOT MIBHIKOCTI BUTAHHSI
HAClHHA COHAIIHMKA, HDK g 3epHa. ToMy 100 YHUKHYTH BHHECEHHS
MOBHOITIHHOTO HACIHHS 3 KOPOO1B MIaXTH 1 KAMEPU HArpiBaHHS CYIIAPKH IMBHUIKICTh
TIOBITPSI IOBUHHA OYTH HMXKYOI0, HIXK MPH CYIIIHHI 3¢pHOBUX KYJIbTYp [5].

[TonoBxxkena opma CiM'STHOK COHSIIIHUKY Ta MOPIBHSHO IOPCTKA MTOBEPXHS

3YMOBJIIOIOTh  BEIIMKY CBEPIUIOBHCTICTh. Tak, CBEpAJIOBICTb COHSIITHHKA
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KOJMBaeThesl He Oimbie 60-80%, a pucy 50-65, mmenurt 35-45 1 kykypyasu 35-

55%. OTxe, HACIHHA COHSIIHUKY, MAIOUU BEJIMKY LINApyBaTICTh, YAHUTH MEHIIHHA
OMip MpH IMPOXOHKEHHI TMOBITPSI B CyIIapKax 1 CyIMIAaThCs IIBUIIIEC, HIXK HACIHHS
IHIINX KYJIBTYP.

['irpockomiyHICTh — OJIHA 3 HaAMBaXXIMBIIIMX BIACTHBOCTEH 3epHa, IO
BU3HAYAIOTh PEXUMHU Horo 30epiraHHs Ta cyuriHHs. {15 HacIHHS COHSIIHUKY SIK
KanuUISIPHOTIOPUCTUX KOJIOIJHUX TUI XapakTepHi Bcl (opMu 3B'S3Ky, SKI 3a
knacudikamiero akagemika JLLA. PeGingepn, noauisitoTbest Ha XIMIYHY, (i13UKO-
XIMIYHY Ta MeXaHi4Hy. Y Ipolieci CynIHHs HaCIHHS X OCHOBHI ()13U4HI Ta XIMIYHI
BJIACTUBOCTI TMOBUHHI 30eperTucs, OTKe, XIMIYHO MOB's3aHy BOJIOTy He Tpeba
BUJIAJISTH.

Bosioricte HaciHHS COHSIIIHMKA, TpPH SKIH 3aJMIIaeTbess XIMIYHO Ta
aJIcopOIIiTHO TIOB'sI3aHa BOJIOTa, YacTO Ha3MBalOTh KpUTHYHO. L Bomora He Oepe
ydyacTi B JKUTTEBHX IMpolecax, He Moxe OyTM BHUKOPHUCTaHAa OUIBILIICTIO
MIKPOOPIaHI3MiB Uil MIATPUMKHU CBOEI JKUTTEAISUTBHOCTI 1 TOMY He BIUIMBAa€ Ha
CTIMKICTh HACIHHSI COHSIIIHUKY Yy npomneci 30epiraHHs. OTxe, CYIIUTH HaCIHHS
HeOOX1/THO /10 TaKOi BOJIOTOCTI, 00 Yy HUX 3allMIIanacs MepeBa)KHO a/IcopOIIiHO
3B'13aHa BOJIA.

PiBHOBa)kHAa BOJIOTICTh HACIHHS COHSAIIHHUKY, TOOTO. BOJIOTICTh, KOJIM BIH
HAClHHA HE€ BIJJAIOTh 1 MOTJMHAIOTH BOJIOTY, 3aJ€XHUTh BIJ TEMIIEpaTypH, BIJ
HOCIITHOT BOJIOTOCTI aTMOC(EPHOTO MOBITPS, OJIAHOCTI.

3a BCIX pPIBHHUX YMOB PIBHOBa)XHa BOJIOTICTh OJIWHUX KYJIbTYp y 2 pas3u
MEHIIa, HUK 3epHOBUX. lle MeHImHMM BMICTOM B HAaClHHI OJIIHHUX KYJIBTYp
riApodUTEHUX KOJIOIAIB 1 HASBHICTIO BEJMKOI KUTBKOCTI KHPY. 31 30UTbIICHHSIM
BMICTY OJIIHHOCTI B HAacCiHHI PIBHOBa)KHA BOJIOTICTh COHSIIHUKY 3MEHILIYETHCS,
OCKIJIbKU 3 TIJBUIIEHHSM OJIHHOCTI 3MEHIIATHCS BMICT TiAPOMUILHUX PEUYOBHH 1

BIJIIOBITHO 301IBIIY€ETHCS BMICT T11podooHuX [6].
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1.3 TexHO0JI0Tisl CyIIiHHA HACIHHSA

Cneundiydi BIACTUBOCTI HACIHHA COHSIIHUKY $K O0O0'€KTa CYIIIHHS,
HEOJHOPIAHICTh CIM'SHKU (HAsSBHICTH si/ipa, TUIOJOBOI Ta HACIHHEBOT 00OJIOHOK),
MIPUPOJIHA HEOTHOPIIHICTh HACIHHA 3a PO3MipaMH, MAacOK0 Ta BOJIOTICTIO, HM3bKa
MIIHICTh TIJI0JIOBOi 0OOJOHKH, BOJOTOIHEPIIMHICTh, HU3bKa TEIJIOMPOBIIHICTS,
TEPMOJAOITBHICTh MpPEN'aBIAIOTh OCOOJIMBI BUMOTH JI0 CIOCOOY CYIIIHHS Ta
KOHCTPYKIIi CYHMIMJIBHUX MPUCTPOiB. [Ipu CyllliHHI HE MOBUHHO MOTIPIIYBATHCS
AKICTh 1 3MEHIIYBAaTHCS BUXIJ OJili, HE MOBMHHO BIJOYBAaTHCS PO3TPICKYBaHHA
JYIINAHHA Ta 30UIbIICHHS OJiiHOI nomimku. He momyckaeTbcs 30UIbLIEHHS B
Ipoliect CYIIHHS KHUCIOTHOTO Ta HOJHOTO 4YHCEN KHUpPY, 3MiHa CMaKOBUX Ta
XapyoOBHUX MepeBar COHSAITHUKOBOT OJIIi.

OnHuM 13 HaAMOUIBII palliOHATBPHUX METOJIB MOKPAIEHHS TEXHOJIOTIYHUX
BJIACTUBOCTEH, 30€pEeKEHHS SKOCT1 Ta IMIJABUIICHHS CTIMKOCTI HACIHHS COHSIITHHUKA
B IpOLIECi 30€pIiraHHs € TEIIOBE CYIIIHHS.

Ilpu cymiiHHI HaciHHS COHSIIHUKA BeIMKE 3HA4YCHHS Ma€ He JIMIIe
TeMIlepaTypa HarpiBy HaclHHs, aje ¥ TPUBAIICTh ii Aii. 3HayeHHs KoeilleHTIB
TEIUIONPOBIAHOCTI, TEMIIEPATypPONPOBIIHOCTI UIsi OJUHUYHOTO HACIHHS 3HA4HO
BIIPI3HAIOTBCS BIJl THX JK€ TMOKA3HUKIB Ui MIUIbHOTO Mmapy. Jlis mBuakoro
HarpiBaHHsl HaCIHHS HeoOX1/IHa Taka KOHCTPYKIiS CYIIWIBHOIO afnapary, B SKOMY
3abe3nevyBaBcst O HarpiBaHHsS KOXKHOTO OJMHMYHOIO HAaciHHS okpeMo. B mpomy
BUIAJKY MOJXKHA 3HAYHO IJIHATH TEMIIEpaTypy arcHTa CYIIIHHS [pU 3HHUIKCHHI
TPUBAJIOCTI HArpiBaHHA JO [JeKUIbKOX cekyHJ. KopoTkowyacHe BHCYIIyBaHHS

HACIHHS COHSIIIHUKA NPH BULIII TeMIlepaTypl Kpaille, Hi)K OBUIbHE BUCYIITYBaHHS
IPU HU3BKIH.

[Ipu cymriHHI COHSITHUKOBOTO HACIHHS HEOOXITHHMI OOTpyHTOBaHUUN BUOIp

TeMnepaTypHux pexkumip. CylriHHS Ma€ MPOTIKATH 3 MIHIMAJIbHUMM BUTpaTaMu
TeIjia Ta eNEeKTPOCHEPrii, 3 MaKCUMaJIbHOI MIBUIKICTIO BHJAJCHHS BOJIOTH TPU

HaWKpalmx TEXHOJIOTIYHUX BJIACTUBOCTSIX BUCYIIIEHOTO MaTepialy.
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Cymika sBisie coOOI0 KOMILJIEKC SIBHI, IO OJHOYACHO TMPOTIKAIOThH 1
BITUBAIOTH OJMH HA OJHOTO. lle - mepeHeceHHs Temia BiJ MOBITPS JO MaTepiay,
110 BUCYIIYETHCS Yepe3 WOro MOBEPXHIO, BUMAPOBYBAHHS BOJIOTH, MEPEMIIICHHS
BOJIOTH BCEpEIMHI Martepially, MEepEeHECEHHsS BOJOTHM 3 IOBEPXHI Marepiany B
CYLIUJIBHY 30HY.

3acToCcyBaHHSI TOTO YH IHIIOTO CIOCOOY CYIIIHHS MOXE CIIPUSITH B OJHOMY

BUIAJKY 301y HalpsAMKY MepeMIIeHHS BOJIOTH SIK BHACIIJIOK BOJIOTOIPOBIIHOCTI,
Tak 1 TEPMOBOIIOTONPOBIAHOCTI, a B 1HIIOMY BHIIaJKy IpPOLIEC BHUIIAPOBYBaHHS
BOJIOTU B pe3yJIbTaTl BOJIOTONPOBIHOCTI TAJIbMY€E TpoLleC BUMIApOBYBAHHS BOJIOTH
B pe3ylbTaTi TEPMOBOJIOTONPOBIAHOCTI. Y  TMEpIIOMY BHUIAAKY IpoLec
BUIIAPOBYBAHHS BOJIOTH MPOTIKATUME 3HAYHO IHTEHCHUBHINIE, HUK y Apyromy. Jlis
TOTrO 1100 1Ii MPOIecH BUIMAPOBYBAaHHS BOJIOTU 301raimcs y HanpsMKy, HeoOX1JHO,
o0 TeMneparypa MOBEpXHI HACIHHS COHSIIHUKY OyJla HUKYOKO 3a TeMIeparypy
BcepenuHi sapa. CynnHHS Oyle 3Ha4HO TallbMyBaTHCS, KOJM TemIiepaTypa
MOBEPXHI CIM'AHKHU BHUIIIA 3a TEMIEPaTypy BCepeauHl Spa.

[Ipy cymiiHHI HACiHHS COHSIIIHUKY B IIAXTHUX MPSMOTOYHUX CyIIapKax
SIBUIIIE TEPMOBOJIOTOMTPOBITHOCTI MEPEIIKOKAE TIEPEMIIIEHHIO BOJIOTH 3CEPEANHU
JI0 TIOBEPXHI Ta IHTEHCHBHICTh TOTOKY BOJIOTH JOPIBHIOE PI3HUIN MIXK
IHTEHCUBHICTIO IOTOKY BOJIOTH B PE3YJIbTATI BOJOTOMPOBIAHOCTI Ta IHTEHCUBHICTIO
MOTOKY BOJIOTH B PE3YyJbTaTI T€PMOBOJIOTONPOBITHOCTI. [Ipu perupkynsmiitHoMy
CYIIIIHHI BOJIOTa BUMIAPOBYETHCS SIK I11]1 BIUIMBOM IPOIIECY BOJIOTOMPOBITHOCTI, TaK
1 T11]1 BILIMBOM T€PMOBOJIOTONPOBIAHOCTI.

Temneparypa Marepiaqy B MpOIECI CYIIIHHS HE JOPIBHIOE TeMIlepaTypi
NOBITPs. Y TeEpHIoMy IMepioAl CYUIIHHS TeMmIeparypa marepiany JdOpIBHIOE
TEMIEpaTypi 3MOUYEHOTO TEPMOMETpPa, TOMY MOXHA 3aCTOCOBYBAaTH BHCOKI
TeMmriepaTypu ToBiTps. Hampuxman, npu Ttemmepatypi moBitps 200 °C 1
BosioroBmicTi Horo 0,008 xr / kr Temmneparypa 3MOUYEHOIO0 TEPMOMETpPA, a OTXKeE, 1
TeMriepatypa marepiany gopisHioe 47 © C. [Ipu nigBuilieHH1 TeMIiepaTypy MOBITPs
10 350 ° C mpu 1aHOMY BMICT1 BOJIOTH BMICT TeMIIEpAaTypa 3MOYEHOT0 TEPMOMETPA

30ubIIyeThCs 110 60 ° C.
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[lpn cymiHHI HaciHHS COHSIIHMKY B I[IAXTHUX CYIIMJIBHUX amnaparax
HeoOXiJJHe iX TOYaTKOBE OYMIICHHS Bl CMITTEBHX JIOMIIIOK, OCKUIBKH BOHH
MOXKYTb MPU3BECTU /IO 3aCMIYEHHS CyIIapKu Ta ii 3aropsiHHs. HacinHs, mo mae
BHCOKY BOJIOTICTh, B TAKOMY CYLIMJILHOMY afapaTi MOXYTb MiJaBaTHCS JBO-, a,
HEP1JIKO, 1 TpUpa30BoMy cylIiHHIO. [loTouHicTh 00poOKH IpH ILOMY NOPYIIYETHCH,
1110 BUKJIMKAE TPYAHOILI B poOOTI 3 HACIHHSM, 1110 3HOBY HaJX0JUTh. B pe3ynbrati
HEPIBHOMIPHOTO PyXY IIaXTHUMH IepepizaMH MpH iX o0poOIl rapsyuM MOBITPSIM,
HACIHHS MPOrPIBAETHCSA HEPIBHOMIPHO, TEMIIEpaTypHA PI3HHUISA MOYKE CTAHOBHUTH 10
10 rpaayciB. [le moB's3aHo 3 TUM, 1O OUIS CTIH MIAXT HACIHHS MEPEeMIIIY€EThCS
MOBUIbHIIIE, HUK Y HeHTpl. KpiM Toro, HeZlocTaTHS NMPOIYCKHA 3/IaTHICTh CYIIapKU
MOJKe IPU3BECTH JIO NeperpiBy YaCTUHU HACIHHSL.

PeumpkynsmiiHi  CymwibHI —amapatv, Ha BIAMIHY BIJ HOPSIMOTOYHUX,
JTIO3BOJIIIOTh BUCYIITYBaTH HACIHHS 3 PI3HOIO BOJIOTICTIO 3@ OJMH LIMKJ. TexHoJoris
CYIIIHHS HaCIHHS B PEIUPKYJSIIIHHUX CYITWIBHUX arapaTax 3 KaMepaMu HarpiBy B
najaloyoMy IIapl MOJATa€ B YEPryBaHHI KOPOTKOCTPOKOBOIO HArpiBy HACIHHS Y
BHUCXIJTHOMY MOTOLl rapsiaoro noiTps npu temneparypi 250-350 °© C, BiasiexxeHHs
HArpiTOro HACIHHS, iX OXOJIO/DKeHHI Ta peuupkyssamii. [Ipum manomy croco0i
OJIHOYACHO 3 CYIIIHHSIM HACIHHS BIJIOYBA€THCS 1 1X OUMIIEHHS BiJ] JOMIIIOK.

[Ipu BUCYIITyBaHHI HACIHHS COHSAIITHUKA B CYIIIApPKaX PEIUPKYIIAIIINHOTO TUITY
JTy’K€ BaXKJIMBO PIBHOMIPHO PO3MOJUIATH HACIHHSI IO BCbOMY Iepepi3y KaMepu, a
TaKOXX HE JIONMYCKAaTH CKYMUYEHHS OJIWHOTO MUy B KaMepl HarpiBy Ta yCyBaTH
MOTaIaHHs ICKOP 3 TOINKH B KaMepy HarpiBy, OCKUIbKH CYIIAPKHU IOTO THUITY €
MOKEKOHEOE3MEUHUMH.

[TepeBaroro BEHTHJIHOBAaHUX OYHKEPIB € iXHS MPOCTOTA Ta TPUBAIUN TEPMiH
eKcruryaTaiii. M'Ski peXXuMu CyIIIHHS HE JONYCKAalOTh TPaBMYBAaHHS HAaCiHHS
coHsiiHuKa. OJHaK TaKui cociO cyuriHHsA HabaraTo TpUBAMIIIKN 32 1HILI 33 YACOM,
1 XapakTepU3YEThCS HEPIBHOMIPHICTIO mpocymryBaHHa HaciHHA. [1[o0 1poro
YHUKHYTH, BEHTUJISITOP MEPIOAUYHO HEOOXIAHO BIAKIIOYATH, & HACIHHS PETEIbHO

nepeMilryBaTH.
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Haiiyacrime Ha mMIANPUEMCTBAX 3acCTOCOBYIOThcs OapabaHHI CYIIMIIBHI
amapaTd 3 pPI3HUMH peXHMaMH CYIIIHHS, IO 3alekaTh Bl BOJIOTOCTI CHPOrO
HaciHHS. TeMmmeparypa CyIIMIBHOTO areHTa (HarpiToro MOBITPs) NpPH LbOMY
NOBHHHA OYTH HACTUIBKHM BHILOK, HACKUIBKM BHUIIOK € BOJOTICTh HACIHHSA
COHsIIIHMKA. BucyiyBaHHs HaciHHS B cymiapkax 6apaGaHHOTO THITY 341HCHIOEThCS
B 1Iapl HACIHHS, [0 MEPECUNIAEThCS, PU HOTO MPOAYBI TapsSYiM MOBITPSM.

CrnouaTky CyHIIIHHS TemIlepaTypa CYyIIMJIBHOTO areHTa, 3aJie)kKHO BiJ
BOJIOTOCTI HAaCIHHS, yTpUMY€eThes uiie Ha piBHI 250-350 °C, Ha BUXO/1 13 CyLIapKH
—50-80 °C. Y cepeanboMy, CYIIIHHSI HACIHHS COHSIIIHUKA y OapabaHHHUX cylIapKax
tpuBae 15-20 XBUIHH.

VY nopiBHSHHI 3 IHIIUMH THIAMH CyIIapoK O0apabaHHI CyIIapKu MarOTh P
nepeBar: MOMJIMBICTh MOBHOI aBTOMAaTH3allli MPOLECY; YHIBEPCAIbHICTh; BHCOKA
AKICTh CYLIIHHS 32 PaXyHOK IHTEHCMBHOTI'O IEPEMIIIIYBaHHS MaTepiaty; MOKIUBICTh
CYILIUTH BUCOKOBOJIOTHH, 3aCMIYEHHI MaTepiaj; MpOCTOTa MOHTaXY (JJIsl 3aIyCKy
po0OoTy He MOTPIOHO KamiTalbHUX CHOPY.); HAIIWHICTH POOOTH (BUKIIOYAETHCS
YTBOPEHHS 3aCTINHUX 30H); MPUNWHATHA 111HA; HU3bKE CTIOKUBAHHS €JIEKTPOCHEPTTIi.

Buxonsuu 3 1poro, BUOUpaeMoO cCymapky OapabaHHOTO THUITY, SIKa
XapaKTEePU3y€EThCsl SKICHUM Ta PIBHOMIPHMM MPOCYUIYBaHHSIM CHPOBUHU MNpHU

OIITUMAJIBHUX ITapaMCTpax CYHIUIIBHOI'O arperary.

1.4 Bu0ip ejieKTpONIpPUBOY MeXaHi3My Ta MonepeaHiii po3paxyHOK

HOTy)KHOCTi CJCKTPUIHOI'O ABUTI'YHA

CupoBHHA, 10 NPOCYIIYETHCSA, PO3TAIIOBYETHCS HE CHUMETPUYHO IIOJIO
BEPTHUKAJIL, 110 TPOXOJIUTh Yepe3 LIEHTP Mnepepizy reyi, TOMY BlH BUKIUKAE MOCTIMHO
JIOYMH 1 CIIPSIMOBaHUM y 01K, IPOTUJIEXKHY 00epTanHIO OapabaHa, MOMEHT cuiiu G
m Barum marepiany (pucynok 1.2). Ilmiu miei mpoxoauTh yepe3 MEHTpP Mepepizy
O0apabana. OTxe, MOTYXHICTh, HEOOX1THA TIIHOMY MaTepiany, Oyae po3paxoBaHa 3

ypaxyBaHHSAM LIUX 0COOJIMBOCTEH.
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{06 moxHa OynO BH3HAYUTH KOPHUCHY MOTYXHICTh, HEOOXITHO 3HATH
KUIBKICTh MaTepially, 10 3HaXOAUThCsS B OapabaHi, a0 HWOTrO CEPEeIHIO ILUIOINLY

nepepizy, 00'eMHy Bary Marepiaiy 1 Horo KyT NpupogHOTO YKOCY MPH PycCi.

Pucynox 1.2 — Cxema po3sTtaiiryBaHHsI CHPOBHHH B OapabaHi

VY Mipy nepemiliieHHS MaTepially B30BxkK OapabaHa iforo ¢i3u4Hi BJIaCTUBOCTI
Oe3nepepBHO 3MIHIOIOTHCS 1 Y TEIUIOOOMIHHHUKIB, @ TAKOXK Y MOpPOra, SIKII0 KOPITYC
OapabaHa CKJIaJIcHUH 3 YacTUH PI3HOTO JllameTpa, BiAOYBAa€TbCS CKYIYCHHS
MaTepially, BU3HaUCHHS cepe/IHbOI MIBUIKOCTI pyXY 1 ILIOIII Iepepi3y TeOPETUIHUM
IUISIXOM TIOB'SI3aHe 3 JIy’Ke BEJIMKUMH TPYJAHOIIaMU. 3alporoOHOBaHI JUIs i€l METH
PIBHSIHHSI, BIJIPI3HSAIOYHCH CKIAJHICTIO, HE BIAPI3HAIOThCS Iie W NOTPIOHOIO
TOYHICTIO 3a pe3ylbTaTaMd BHpPOOIEHHX 3a HUMH oOuucieHb. Tomy mnpu
BUKJIAJICHOMY HUK4Ye BHBEICHHI PIBHSHHS, 1110 BU3HAYAE MOTYXKHICTh, HCOOX1IHY

JJIsA HiﬂﬁOMy MaTCpia.I'ly, npm‘fmaemo, BUXOISYH 3 IPAKTUYHHX JIaHUX.

Busnauaethcs 3arajibHa MOTYXKHICTh, sIKa MOTP1OHA /st oOepTaHHs 6apadaHa
3 KOPITyCOM OJHOTO JiaMeTpa 10 BCIH TOBXKUHI. SKIO KOPIMYyC CKIAAAEThCS 13 30H
pI3HOTO JiamMeTpa, TO MOTPIOHA TOTYXKHICTH OOYMCIIOETHCS JJISi KOXKHOI 30HU

OKpPEMO 1 MOTIM M1JCYyMOBYEThCH.
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JUis TAIIMOHUKIB OMOPHUX POJIMKIB KApTEPHOTO THUIY 3 OpOH30BUMHU
BKJIQJUIIAaMUA Ta O€3MepepBHOI0 TOJaver0 odii Ha wandu peKOMEHAYETHCS
koedimienT Teptss Bubupatu piBHuM 0,02-0,04. 3 ypaxyBaHHAM TEPTS KOUYEHHS
OaHmaXiB 3a pOJIMKAaMU HaBeNICHI 3HaYeHHsI HeoO0XiaHo miasummT 10 0,03 - 0,06.

Butpara moTy>KHOCTI Ha TOJOJIaHHS TEepPTA B MPUBOJHOMY MEXaHI3Mi Ta
VIIUIbHIOBAJIBHUX MpUCTposix BpaxoByeTbess KKJI ycranoBku. Benuumna ioro
3aJIeKUTh BiJl KOHCTPYKI[lT MPUBOAHOTO MEXaHi3My, MPAaBUIBHOCTI HOTO MOHTaXy
Ta eKCIUTyaTallii Ta B cepeqHboMy JopiBHIOE 0,9 — 1Jid MeXaHi3My 3aKpUTOTO TUITY,
0,85 — nis 3mimanoro ta 0,8 — J1s BiIKPUTOTO.

[Ipy BH3HaYeHHI HEOOXIJHOI MOTYXKHOCTI Juisi oOepraHHs OapabaHa
PO3paxyHKOBE PIBHSIHHS MIACTaBISAIOTh HOPMaJIbHE YHUCIO OOOpPOTIB. AJjie MpH
eKcIuTyarariii 6apadan 4acTo 00epTa€eThCs 3 M1IBUILIEHOIO KUTBKICTIO 00EpPTIB, HA 110
noTpiOHA 1 MiJIBUIIIEHA TOTYXHICTh. Y MOMEHT IyCKy OapabaHa TakoX HeoOXiaHa
MOTYXHICTh BHIIIE HOPMajdbHOI Ha TMOJOJAHHS CUJIM 1HepIii Oapabana, 110
obepraeThcs. BpaxoByrouw 1€, TOTYXKHICTh €JIEKTPOJBUTYHa OapabaHa CIIijl
BuOupatu Ha 20-25% BuIle 3a Ty, IKa BU3HAYAETHCS 32 PIBHSIHHSAM.

3acTocoByrO4YM (PopMyIH, pOOMMO PO3PaXyHOK MOTY>KHOCTI €JIEKTPOIBUTYHA.

[ToTy>kHicTh, HEOOX1HA JIJIS ITYCKY €JIEKTPOIBUTYHA, BPAaXOBYEThCS O€3 MacH
HACIHHSL.

BpaxoByrouu 1 iHEepLiiHY MOTYKHICTh OapabaHa, ska MoBMHHA OyTH Ha 20-
25% Butie pob0Yoi MOTYKHOCTI, OCTATOYHO OTPUMAEMO MOTYKHICTh IBUTYHA.

Bubupaemo tpudasnuii acuuxponnuii ABUryH cepii AIP 160S6 noTyxHiCTb
— 11 kBt, cunxponna mBuaKicTh o0eptanHs — 1000 06/xB, koB3anHs — 3%. 3
ypaxyBaHHSM KOB3aHHSI HOMIHAJIbHA 4acTOTa 00EPTAHHS N you = 970 06/XB. 3MiHOIO
YHCIia Map MOJIIOCIB Ta 32 JOTIOMOTOI0 PEAYKTOpa MU 3MIHIOEMO YaCcTOTY 0OepTaHHS
JIBUTYHA.

MonepHi3alis moyirae y 3acToCyBaHH1 Cy4aCHOTO YaCTOTHO-PErYJIbOBAHOTO
enextponpuBony (UPII) cymmunsHoro arperary (IB) cknagaeTbes 3 aCHHXPOHHOTO

a00 CMHXpPOHHOTO enekTpuuHoro nBuryHa (M) Ta meperBoproBaya yactotu (I14)

(puc. 1.3).
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EnexkTpuyHuii NBUTYH TEPETBOPIOE EJIEKTPUUYHY EHEPrilo B MEXaHIYHY
SHepriio 1 Ha/lae pyXy BUKOHABYOMY OpraHy TEXHOJOTIYHOTO MEXaHI3MY.

[TepeTBOpIOBaY YaCTOTH YNPABIISE €ICKTPUYHUM JIBUTYHOM 1 SIBJIsI€ COOOIO
CJIGKTPOHHUN CcTaTUYHUM mnpucTpid. Ha Buxonmi mneperBoproBaua (HOpMYETHCS

CJICKTpUYHA HaIIpyra 31 3BMIHHHMH aMHJIiTy,Z[OIO Ta 4aCTOTOIO.

BoH M4 A (W) 1™
‘ot
[ 8

Pucynok 1.3 - CTpykTypHa cxema MponoHOBAHOT'O YaCTOTHO-PErYJILOBAHOTO

IPUBOLY

Ha3Ba «4acTOTHO peryjibOBaHHH €JEKTPONPUBOA» OOYMOBIEHAa THM, IO
peryroBaHHSl [IBHJIKOCTI OOEpTaHHs JBUTYHAa 3/1HCHIOETHCS 3MIHOK YacTOTH
HAIPYTH JKUBJICHHS, 10 NOJA€ThCS ABUTYH BiJl IEPETBOPIOBaYa 4YaCTOTH.

[Tpotsrom ocranHix 10-15 pokiB y CBITI CHOCTEPIra€ThCs MIUPOKE Ta YCIIITHE
BIIPOBA/DKEHHS YaCTOTHO-PETYJIbOBAHOTO €NIEKTPONIPHBOIY JUISl BUPILICHHS Pi3HUX
TEXHOJIOTTYHUX 3aBJaHb y OaraTbox rany3six exkoHowmiku. lle Hacammepen
po3poOKOI0 1 CTBOPEHHSIM [EpPEeTBOPIOBAYIB YaCTOTH Ha IMPUHIUIIOBO HOBOI
eJIeMeHTHOI 0a3i, TOJIOBHUM YHMHOM OINOJSIPHUX TPaH3HCTOpax 13 130JIbOBaHUM
zatBopoM IGBT.

O6nacrti 3acTocyBaHHS — MeTalyprisi (HampHKiIad, MPUBOJ POJIBIaHTIB),
TEKCTWIbHA IIPOMUCIIOBICTh, BEpCTaTOOyAyBaHHS (HAIPUKIIA/, €JIeKTPOIIITHHICI]
Ta  METaJopi3ajlbHI  BepCTaTH), UHEHTpUdyr", MOJIpyBaJIbHI  MalIHHH,

CJICKTPONPHUBO/1 BEHTHWISITOPIB Ta HACOCIB Ta 1HIIII.
3apyOikHi ¢ipmu, 30kpema Siemens, Fanyk, ABB Tta iH. mmpoko
3aCTOCOBYIOTh YaCTOTHE KEPYBaHHSI /I BEHTWIATOPIB, HACOCIB Y TOPU30OHTAIILHUX
Ta BEPTUKAJIBHUX pOOOTaX, TpaHCHOpTepax. AMEPUKAHChKI Ta aHTJIHCHKI (QipMu

IIMPOKO BUKOPUCTOBYIOTh YACTOTHE KEPYBAaHHS MPUBOJAMHU B Ha()TOBIHM Ta ra3oBii
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POMUCIIOBOCTSIX. BUKOPUCTOBYIOTHCS MPUBOAU AK 3 LIEHTPANi30BaHUM, Tak 1 3
1HANBIAYaTbHIMH IIEPETBOPIOBAYAMHU.

[Ipy momanpmMX MIpKYBaHHSIX TOBOPUTUMEMO IPO TpHU(a3HUII YaCTOTHO
perylibOBaHUN EIEKTPONPUBOJ, OCKUIbBKH BIH Ma€ HaHOUIbIIE MPOMHUCIOBE
3aCTOCYBaHHS.

VY CHUHXPOHHOMY €JEKTPUYHOMY JABUTYHI 4acTOTa OOEpTaHHS poTopa N 2 B
PEXKMI JJOPIBHIOE YaCTOTI 0OepTaHHS MarHiTHOTO MOJIsI cTaTopa N 1 .

B acuHXpOHHOMY €JIEKTpUYHOMY JABHUIYHI 4acTOTa OOepTaHHS poTopa N 2 B
pEeXHMI, 110 BCTAaHOBUBCS, BIJIPI3HIETHCS Bl 4YaCTOTU OOEpTaHHs N 1 HA BEIUUYHHY
KOB3aHHS S .

Yactora oO6epTaHHS Mar”iTHOro mojisi N1 3aneXuTh BiJ YacTOTH HAIPYyTU
xuBjieHHs. [Ipu xuBIeHHI OOMOTKHM CTaTopa €NEKTPUYHOTO JBUTYHA TPU(A3HOIO
HANpPyTolOo 3 YaCTOTOI CTBOPIOETHCSI MarHiTHE MOJIE, 10 00epTaEThCA.

[IBuaKicTH 00€PTAHHS IIHOTO IMOJISI BU3HAYAETHCS 32 BIZIOMOIO (hOPMYJIIOH0

_
1 '7’. (1.1)
/)

o

JIe p — YUCJIO Tap TMOJIIOCIB CTATOPA.

[Tepexin Bix MIBUAKOCTI 0OEPTAHHS MOJIS

60
n = Ewl . (12}

ne 60 - koedimieHT nepepaxyHkKy po3mipHocTi. [TincraBuBiiy B piBHsHHSA (1.2)

IIBUJIKICTh OOCPTaHHS IO, OTPUMAEMO

n =20 (1.3)
p

Takum yuHOM, YacToTa OOEpTaHHS POTOPA CHHXPOHHOTO Ta aCHHXPOHHOTO
JIBUTYHIB 3QJIC)KHUTh BiJl YaCTOTH HAIIPYTH JKUBJICHHSI.

Ha miii 3anexHOCTI 1 3aCHOBAHMW METOJ YAaCTOTHOTO PEryIIOBAHHS,
3MIHIOIOYH 3a JIONIOMOTOI0 TepeTBoproBada vacrory f Ha Bxomi nBuryna, mu

PETYIII0EMO YacTOTy OOCpPTaHHS POTOPA.
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VY HalOUTBII MOMIMPEHOMY YaCTOTHO-PEryJbOBAaHOMY MPHUBOJI Ha OCHOBI
ACHHXPOHHUX JIBUTYHIB 3 KOPOTKO3aMKHEHHM POTOPOM 3aCTOCOBYIOTHCS CKAJIIPHE

Ta BCKTOPHC YaCTOTHC KCPYBAHH:I.

1.5 AHaJjii3 mo po3aijly Ta NOCTAHOBKA 3aBJAHHS HA MPOEKTYBAHHS

[Ipu obepTaHHi NMpaBUIBHO 310paHOTO 1 HOPMAJIBHO TMpaIoYoro dapadbana
MOTYXHICTh MOT0 MPUBOJHOTO €JIEKTPOABUTYHA BUTPAYAETHCS OLIBIIOI0 MIPOIO Ha
KOpPUCHY poOOTY: MiAloM MaTepially Ha TMEBHY BHUCOTY, CIOB3al04YU 3 SIKOi BiH
MEePEMIIIYETHCA 1 TOCTYIOBO MEPEMIIIAETHCS O PO3BAHTAXKYBAJIBLHOIO KiHI, 1 B
MEHIINK Mipl - Ha IMOJOJAaHHS MIKIJJIMBUX OIOpPiB. Jl0 MKIIIMBUX OIOPIB
BIJIHOCUTBCS TEPTS KOB3aHHS MK TOBEPXHAMH Lan(h) ONOPHUX POJIMKIB 1 BKIJIAIUIIIIB
HIJMINAITHUKIB, TEPTSA KOYEHHsI O0aHJa1B 110 OMTOPHUX POJIMKaX, TEPTS B IPUBOJHOMY
MeXaHi3Mi 1 TepTs KIHIIB KOpIycy O0apabaHa MOBEpXHIi JieTajel yIIUIbHIOBAILHUX
IIPUCTPOIB.

51 BBaxaro 3a JIOL[UIbHE CIIPOEKTYBaTH OapabaHHMII CyIIMIIBHUN amapar 3
PI3HUMHM peXKUMaMH CYLIIHHS, [0 3aJeXaTh BIJ BOJIOTOCTI CHPOrO HACIHHSL.
Temneparypa cymMIbHOTO areHTa (HarpiToro NoBiTpsi) NPH LbOMY OBHHHA OyTH
HACTUIBKM BHILOK, HACKUIBKM BHIIOK € BOJIOTICTh HAaCIHHS COHSIIHHKA.
BucynryBaHHs HaciHHs B cyliapkax OapabaHHOro THMy 3IHCHIOETBCS B IIapi
HaCIHHS, 110 NEPECHUIIa€ThCs, MPH HOro MpojayBi rapsyuM mNoBiTpsiM. Crodatky
CYILIIHHSl TeMIlepaTypa CYIIMJIBHOTO areHTa, 3alleKHO BiJl BOJOrOCTI HACIHHS,
yrpumyeThest nunie Ha piBHI 250-350 °C, na Buxoxi 13 cymapku — 50-80 °C. VY
cepeHbOMY, CYLITHHS HACIHHS COHSIIIHUKA y OapabaHHuX cymapkax Tpusae 15-20
XBUJIHH.

VY nopiBHSHHI 3 IHIIUMH TUIIAMH CyHIapoK OapabaHH1 CyIIapKh MarOTh Psij
nepeBar: MOXKJIMBICTh MOBHOI aBTOMATH3aIlli MPOIECY; YHIBEPCaIbHICTh, BUCOKA

SKICTh CYIIIHHS 32 PaXyHOK IHTEHCUBHOT'O IEPEMIIIIYBAaHHS MaTepianty; MOKIUBICTh

CYIITUTH BUCOKOBOJIOTHH, 3aCMIYEHHUI MaTepiaj; MpOCTOTa MOHTAXY (IJIs 3aITyCKy
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po0OOTy HE TOTPiIOHO KAMTAIBHHUX CIIOPY[); HAIIAHICTh POOOTH (BUKIIOUYAETHCS
YTBOPEHHS 3aCTIMHUX 30H); MPUIHATHA 111HA; HU3bKE CTIOKUBAHHS €IEKTPOCHEPTIi.

VY 3B'A3Ky 3 IUM Y 1111 poOOTI HEOOX1THO BUPIIIMTH TaKi 3aBJIaHHS:

- BUOpaTH THI EJIEKTPUYHOTO MEXaHi3My 1 3pOOHTH PO3PaxyHOK
MOTYXHOCT1 €JIEKTPUYHOTO JABUTYHA, a TAKOX BUKOHATH PO3PAXYHOK peAyKTOpa
CYLIUJIBHOTO arperary:

- Po3paxyBaTu cTaTUUHUI PEKUM EIEKTPUIHOTO MTPUBOLY;

- Po3paxyBaTtu TMHaMIYHUNA PEKUM €JIEKTPUYHOTO TPUBOIY;

- BuOpaTtu nepeTBoproBad 4acTOTH Ta anapaTypy yInpaBiIiHHS;

- Ckrmacté  CTpYKTypHY Ta (QYHKIIOHAIBHY CXEMH YacTOTHO-
PEryJIbOBAaHOTO €JIEKTPOIIPUBOY;

- Jocmiauti  cucTeMy — YOpaBIiHHA ~ €JIEKTPUYHUM  MPUBOJIOM

CYLIMWJILHOTO arperaty cepea Matlab.
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2 PO3PAXYHOK PEKUMIB YACTOTHO-PEI'YJIBOBAHOT' O

MMPUBOAY TA CKJIIAJJAHHSI MOI'O CTPYKTYPHOI TA
®YHKIIOHAJBHOI CXEM

2.1 Bubip THIy eJIeKTPUYHOI0 MexaHi3My. Po3paxyHOK MOTYKHOCTI

€JIEeKTPUYHOI0 IBUT'YHA CYIIMJIBLHOIO arperaTty

[Ipu oGepTaHHi MpaBUIILHO 310paHOTO 1 HOPMATBHO MpaIoYoro 6apadaHa
MOTYXXHICTh HOTO TIPUBOTHOTO €JIEKTPOABUTYHA BUTPAYAETHCS O1IBIIIOI0 MIpOIO Ha
KOpPUCHY poOOTY: MiAMOM MaTepially Ha TMEBHY BHUCOTY, CIOB3al04YU 3 SIKOi BiH
MEPEMIIIYETHCS 1 MOCTYMOBO MEPEMIIIAETHCS 10 PO3BAHTAXKYBAIHHOTO KIHIIS, 1 B
MEHIIIN Mip1 — Ha MOJI0JaHHs IKIAJIUBUX OIMOPIB.

J1o MIKIJUTMBUX OMOPIB BITHOCUTHCS TEPTS KOB3aHHS M1k MOBEPXHIMU Larid
OTIOPHUX POJIMKIB 1 BKJIQIMIIIB M1 IIUITHUKIB, TEPTS KOUCHHS OaH/TaKiB IO OTIOPHUX
poJIMKax, TepTd B MPUBOAHOMY MEXaHI3MI Ta TepTd KIHLIB Kopmycy OapabaHa
MOBEPXHI JeTanel YIibHIOBaIbHUX MPUCTPOIB [7].

[ToTpiOHY nNOTYXHICTh Ha o00epTaHHsS OapabaHa MOXXHA BU3HAUUTU 3a

dbopmyIioro
1
N, = E(Nl + N;)kBT, (2.1)

ne N 1 - [loTyXHICTb, 1110 BUTpAa4Ya€ThCs HA MIIHOM MaTepiay.

N2 - IloTyXHICTb, IO BUTPAYA€ETHCS Ha MOAOJIAHHS TEPTS B MIAIIUITHUKAX
OMOPHUX POJIUKIB 1 TEPTS OAHIAXIB MO OMOPHUX POJIMKAX; 1) - KOEPIIIEHT, 110
BpPaxoBy€ MOTYKHICTh, SIKa BUTPAYA€ThCS HA TMOJOJAHHS TEPTS B MPHUBOTHOMY
MEXaHi3Mi Ta y YIIUIbHIOBAJIbHUX Y OYH1BIISIX.

CupoBuHa, 10 MPOCYUIYETHCS, PO3TAIIOBYETHCS HE CHUMETPUYHO IIOO
BEPTHUKAJIL, III0 TPOXOJIUTh YePe3 IICHTP Mepepizy medi, TOMY BiH BUKIUKAE MOCTIAHO

JII0YMil 1 cIpsIMOBaHUM y 01K, MPOTHIIEKHY oOepTaHHIO Oapabana, MOMeHT cuiu G
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m Baru matepiany (puc. 2.2). [lnedem mi€i cunm € BIACTaHb BiJl MICHTPY TSOKIHHS
MaTepianxy 10 BEpTHUKaTi, IO MPOXOIUTh Yepe3 IEeHTp mepepizy Oapabana. OTxe,

MOTYKHICTh, HEOOX1THA IS MAHOMY MaTepiairy, JOPIBHIOE

1000Gyvg
TV (2:2)

abo
_ ll}ﬂgFM LYMVD

! 102

ne F v - mioma nepepisy Marepiany (KpyroBoro cerMeHTa) B M 2

L-n1oBxuHa KOpIycy B M,

Ywm - 06'eMHa Bara matepiaay B T/M 3,

V o - OKpY>KHa MIBUIKICTh HEHTPY TSHKKOCTI IUIONI IEpepi3y MaTepially B M/C.

[Ilo6 3a HaBenEeHWM pIBHSHHAM MOXXHA OyJ0 BHU3HAYUTH KOPHUCHY
NOTYXHICTh, HEOOX1HO 3HATH KUIBKICTh MaTepially, 0 3HaXOAUThCs B OapabaH,
abo #oro cepemHio IUIOHIY Tepepidy, 00'eMHY Bary Marepiaay 1 HOro Kyt
MIPUPOJTHOTO YKOCY TIPH PYCi.

Tak sk y Mipy mepemilieHHs Marepiainy B3JI0BXK OapabaHa Horo ¢izuuHi
BJIACTUBOCTI O€3MepPEePBHO 3MIHIOIOTHCS 1 Y TEMJIOOOMIHHUKIB, @ TAKOX Yy MOPOra,
AKIIO0 Kopnyc OapabaHa CKJIaJA€HW 3 YacTUH PI3HOrO AiaMeTpa, BinOyBa€eThCs
CKYMYEeHHS Marepiaidy, BU3HAYEHHS CEpeIHbOI MIBUIKOCTI MOTO pyXy Ta IUIOINI
nepepizy TEOPETUYHMM IUIAXOM TMOB'A3aHE 3 AYXKE BEIUKUMHU TPYIHOILIAMHU.
3anpornoHoBaHi g I11i€] METH pPIBHSHHS, BIAPI3HAIOYUCH CKJIQJIHICTIO, HE
BIJIPI3HSIIOTHCSA 111€ ¥ TOTPIOHOIO TOYHICTIO 32 Pe3yJIbTaTaMi BUPOOJIECHUX 32 HUMHU
OOYHCIICHb.

ToMy mnpu BUKIaAEeHOMY HIKYE BUBEICHHI pPIBHSHHSA, IO BH3HAUYa€e
NOTY)XHICTb, HEOOXITHY IJIs MIOHOMY Marepially, NpUHMaEMoO, BHUXOASYU 3
MPaKTUYHUX JTaHUX, 10!

koe(dimieHT 3anmoBHEeHHs Oapabana marepiaiom oo Kz = 0,25.

cepenus 00'emua Bara marepiany Y w= 0,47 m/m 3;
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KyT IPUPOJHOTO YKOCY MaTepiany (HaCIHHs COHSIIHUKY) pu ¢ == 42°.
Taxk sk moma mepepidy marepiany B OapabanHi (OpMOIO € KpPyrOBHM
CErMEHTOM, OKPY’KHa IIBUKICTh HOTO LIEHTPY TSKKOCTI P 00epTaHHI IOPIBHIOE

n-n 2 RZsina

Vo = S—"
7 30 3 Kk,mRZ

sing. (2.3)

Hegimomoro BeTMUHMHOIO B HABEACHOMY PIBHSHHI € JIUIIE KYT @, 10 IOP1BHIOE
MOJIOBUHI IIEHTPAIBHOTO KyTa, IO CITUPAETHCS Ha XOPIy KPYrOBOI'O CErMEHTa, HoTo

MO>KHA 3HAUTH 3 PIBHSHHSA

. _R%H - 2a .2) 24
M_Z(IBE stheaf, (24)

151 BEJINYMHA BUPaXKa€ IIJIOILY KPYTOBOTO CETMEHTA.
[lizcTaBisaoun 1€ piBHSAHHA 3aMICTh F v IPUIHATY HEIO YKCIOBY BEJIMYUHY,

BIJINOBIJIHY KOe(iLieHTY 3an10BHEHHA =0,25, 0OTpUuMy€eMO BUpa3

0,25 R"—‘—RE’”(HQ“ '2) 2.5

, T &= (T80 sinZa |, (2.5)
0,25 - 3,14 ﬁez—n'ﬂz 22 s . )
Il ] I} - 2 ( 18[] -5;-”- ﬂ. ¥

3Bigku npu a = 65°

3,14-8 2 082%sin?65° 47"
Yo =30 '370.25-314-082 7%
npu v,=0,283

g 1000-0,5024Mm? - 8m - 0,47 T/Mm3 - 0283 M/c

1= 102 = 5,24xBr.

Teptss koueHHs OaHaaka IO POJMKAX HE3HAYHO TOPIBHAHO 3 TEPTAM
KOB3aHHS Iard poyMKiB MPO BKJIATUII TIIIUITHUKIB, TOMYy HEMa€e HEOOX1THOCTI
HOT0 00YMCITIOBATH OKPEMO, a JOIIBbHIIIE BPaxOBYBaTH MiIBUIIEHHS Koedilli€HTa

TEPTA KOB3aHHA.
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Toxai moTykHicTh, HEOOX1HA HA MOJOJAHHS TEPTS B MIAIIUIIHUKAX POJIMKIB

Ta 6aHJAXIB PO POJIMKU, MOKE OYTH 3HAlICHA 3 PIBHAHHS

N _ P_I'j'.'lf}l‘:}” B.‘ 2 6
2= 902 O (2.:6)

Cuna TepTs Ta OKpy’KHA MBHUJKICTH 1arid BiAMOBITHO PIBHI

—M— 1155: @7
"’ cos30° ' '
y i 2.8)
“ 30 D '

P

[TincTaBuBIIM B piBHSAHHSA (2.6) HaBeJeH1 3HAUYEHHS CUIIU TEPTA P ), OKPYKHOI

HMIBUAKOCTI Hangu V1 3p0OHUBIIH CKOPOUYECHHS, MAEMO:
N, = 1,19fr,Gn 5 (2.9)
Dy

ne f - koedilieHT KOB3aHHS MDK NandaMyd pOJIMKIB Ta BKJIAIUIIAMU
MIAIIUITHUKIB;

I .- Paxiyc nand ponaukis B am;

N - uncno o0epTiB 6apabaHa 3a XBUJIMHY;

D ¢- Hiametp 6annaxiB B .M,

Dp-niamMerp OnopHUX POJIUKIB B M,

G = (G 1+ G ) - 3aranpHa Bara 00epTOBOI YacTHHH OapabaHa B 7.

G 1= 8 TOH - Bara 6apabaHna

G 2=1,9 Tonu - Bara cupoBuHU B OapadaHi.

3a UM pPIBHAHHSIM BU3HAYAETHCS 3arajbHa TMOTYXKHICTh, MOTPIOHA s
oOepTaHHs OapabaHa 3 KOPIYCOM OJHOTO JiaMeTpa 1Mo BCii JOBKHUHI. SKIIO KOPIYC
CKIIQJAETHCS 13 30H PI3HOTO JiaMeTpa, TO MOTPiOHA MOTYKHICTh OOUUCTIOETHCS JTSI
KO>KHO1 30HH OKPEMO 1 MOTIM MiJICYMOBYEThCH.

JUIsi MmiJIIUMOHUKIB OMOPHUX POJHUKIB KapTepHOTO THUMY 3 OpOH30BUMHU

BKJIAIUIIIAMU Ta O€3MEepepBHOIO Tojayero oiii Ha mamndu pPeKOMEHIYETHhCS
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koediuieHT Tepta Bubupatu piBHUM 0,02-0,04. 3 ypaxyBaHHSM TepTsl KOUEHHS
OaHmaXiB 3a pOJIMKAMU HaBeNIeHI 3Ha4eHHs HeoOXximauo miasummTH 10 0,03 - 0,06.

ButpaTta noTy’HOCTI Ha NOJOJAaHHS TepTsS B NPHUBOJHOMY MeXaHI3MI Ta
YUIUIbHIOBaJIBHUX NpucTposix BpaxoByeTbess KKJ| ycranoBku. Bemmumnua iforo
3aJIeKUTh Bl KOHCTPYKLIT NPUBOJHOIO MEXaHI3My, MPaBHILHOCTI HOr0 MOHTaXY
Ta eKCcIUTyaTalii Ta B cepelHboMY AopiBHIOE (0,9 — U1 MeXaHi3My 3aKpUTOTrO THITY,
0,85 — st 3mimanoro Ta 0,8 — 1t BIAKpUTOTO.

[Tpu Bu3HayeHHI HeOOXIHOT MOTYXHOCTI JUig obepranHs OapabaHa
pO3paxyHKOBE pIBHSHHS MIICTaB/ISIOTH HOpPMajbHE 4HUciIO 00OpoTiB. Ane mpu
eKkcruTyaranii 6apaban yacto obepTaeThes 3 MIBUILICHOK KUIBKICTIO 00epTiB, Ha 110
noTpiOHa 1 MiJBUIIICHA NOTYXKHICTb.

VY MoMeHT nycky OGapabaHa Takok HEOOX1JHa NOTYKHICTh BHILE HOPMAJIbHOI
Ha [OJ0JIaHHS CHMIM 1Hepuii Oapabana, mo oOepraeThes. BpaxoByroun 1e,
MOTYKHICTD eJIeKTpoABUIYHa Oapabana ciijf Bubupatu Ha 20-25% Buiie 3a Ty, ska

BH3HAYAETHCS 3a PIBHSAHHSIM.
3acTocoByrOUYH (POPMYJIH, pPOOUMO PO3PAXyHOK MOTYKHOCTI €JIEKTPOIBUTYHA.
[ToTy>XHICTb, 110 BUTPAYAETHCA HA MMiIHOM MaTepialy BU3HAYAETHCS 32 TAKOIO
dhopmyIioro

1000+ 0,5024m? - 8m - 0,47 1/Mm3 - 0283 Mm/c

N, = 102 = 5,24kBr.

Jlanm BU3Haya€eMo MOTYKHICTh TepTs OapadaHa Ha POJUKax Ta OaHIaxax.
[loTyxHicTh TepTs Oapabana Ha poiukax 1 OaHgaxax BIJIMOBIIHO

JIOPIBHIOBAaTHME.

N,=1,19-0,03:-0,1mM-9,9T:-8m:5,7M = 1,611kBr.
3aranbHa MOTYXHICTb

1
N, = 0845 (5,24xkBt + 1,611kBT1) = 8,08kBT.

[ToTyxHICTh HEOOX1HA ISl TYCKY €JIEKTPOABUTYHA O0IIKOBYETHCS 0€3 Macu

HaciHHSA N - OTY>KHICTh TOPOKHBOTO OapabaHa JOPIBHIOE
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N, =

gas sz =62 (2.10)

BpaxoByroun 1 iHepIiiiHy MOTYXHICTh Oapabana, sxka mMae Oytu Ha 20-25%

BHUIIE POOOUYOT MOTYKHOCT1, OCTATOYHO OTPUMYEMO

N sauryna = 8,08 * 1,2 = 9,7 kBr.

Bubupaemo tpudaznnii acunxpoHHuil 1BUryH cepii AIP 160S6 noTyxHicTb —
11 kBT, cunxponna mBuakicts odoeptanus — 1000 06/xB, koB3aHHs — 3%.
3 ypaxyBaHHSIM KOB3aHHsI HOMiHaJIbHa YaCTOTa 00EPTAHHS N yon = 970 00/XB.

Texniuni xapaktepuctuku ABuryHa AIP 160S6 npencrasieni y Tadbmuui 2.1.

Tabmuug 2.1-Texniuni xapakrepuctuku 1suryna AIP 160S6

Crpym MomeHT
Enextpon | IloTyxH. o6/xp | TPH KIIJ, | Koed. W Tn | Mo/M Mmax/ iHepuii, Maca,
BUT'YH kBt 380B, |% MOTYX. Mu ) KT

A KI'*M
AIP160S6 | 11 970 24,5 87,5 |0,78 6,5 1,7 2,1 0,0700 125

2.1.2 Bu3HaueHHS KPYTHMX MOMEHTIB Ha Bajax mnpuBoay. OOepTanbHUIA

MOMEHT Ha 0apabaHi TOPiBHIOE

_ 9550-N
n

M,

(2.11)

9550 - 8.08

Mg = 3 = 9.645 H/m.

ObepTanbHUN MOMEHT Ha BaJly IIEPBUHHOI IIECTEPHI
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w=— (2.12)

ae 1 i - mepemaBajgbHEe 4KCIO 3yOuacToi mepenadi, mpuiiMaemo 1 pp =10,
1n1=0,94+0.96 - KK]I uuninapuanoi nepenayi, npuitmaemo 1n1=0,95 Y uucenbHOMY

3HaYeHH1 OTPUMYEMO:

9.645.5

M”, = m = 1015.3 H;/M.

OO6epranpHuil MOMEHT Ha TIEPBUHHOMY Bally peaykropa (Ha Baly

eneKTpoABUryHa) M

Mlll 2 13
nl — ”1 s ip’ ( ' )
My, = 123 _g91m
n = g95-12 ~ o1 H/M.
O06epToBHif MOMEHT TOPOKHKLOTO OapabaHa TOPIBHIOE
9550N;;
My = ; (2.14)
n
M =m=7401,3 H /wm.

n

OO6eprarouniii MOMEHT Ha TMEPBUHHOMY Bajly peAaykTopa (Ha Baiy
esniekTpoaBuryna) M n1 : KoedimienT nepenaui mecrepHi ta peaykropa = 120;

M nopoxHabOT0 6apadbana nopiBHioe 68,35 H/m.
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2.2 KineMaTH4HHUil pO3paxyHOK

Mertoro KiHeMaTH4YHOro po3paxyHKy OapabdaHHOI cylIapku € BH3HA4YCHHS
3arajJbHOTO Iepe/laBajlbHOrO BIJHOIICHHS B1Jl Bally €JIEKTPOJBUIYHAa 10 Bally
MPOBIJIHOT JITAHKH BHKOHABYOI'O MEXaHI3MY; PO3IMOUI 3arajlbHOTO IepeaBajibHOro
BIJHOILICHHST BCHOrO KIHEMAaTHUYHOTO JIAHIIOra [PUBOAY MDK OKpEeMHMH
nepefaBaJlbHUMM  MEXaHI3MaMM, 110 CTAHOBISTh  JIAHLIOT;  BH3HA4YCHHS
KOHCTPYKTHBHMX [apaMeTpiB 3yOdacTtoi mnepegaui OapabaHHOI cymIapku;
BU3HAYCHHS 4acTOT oOepTaHHs BajiB Mepe/laBallbHUX MEXaHI3MIB KIHEMaTHYHOTO

JJaHIrora

2.2.1 Bu3zHaueHHs nepeaaBajibHOrO YHCIIA PUBOY
KinematnyHa cxema mpuBOAY Moka3zaHa Ha puc. 2.1. 3aranmpHe mepenaTHe
YHUCJIO MPUBOAY BU3HAYAEMO 13 CITIBBITHOIIICHHS

. nl{OM
= y 2.15
= (2.15)

ne n =8 xB ! - Yactora obepranns Gapabana.
. 970

L= = 121.25.

1
O

Pucynok 2.1 — KinemaTuuHa cxema puBOy
1- enextponBuryH; 2,4 - MydTH; 3- peayKTOp; S-I1IBIHIIOBA IIECTEPHS;

6 - BiHIIeBa 1mIecTepHS; 7- OapabaH
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2.2.2 Po3mopmin 3aragpHOr0 MepeAaBaJIbHOTO 4YHclia mpuBoxy. Jis

OaraTocTymiHYaCTUX Mepeaay:

iy * iy i, (2.16)
ae i, iz, 13- HepeaaBalbHi YMCIa OKPEMHUX IA0JIIB.
BpaxoBytoun nepenbadyBaHe BIaIITyBaHHS MEXaHi3My, a TAKOXK MparHydu
3a0e3MeynTH NPONOPIIIHICTS AeTanel MpuBoaY, 30KpeMa AiaMeTp MepBUHHOT
IIECTEePHI MOBUHEH BIUCYBATHCS B PO3MIpH CTOpIH TOPI penykropa. [lepenathe
YUCIIO pelyKTopa Oyie piIBHUM
i
i;:u'r,'l = .':_' {2*1?)

121,25

s = —75— = 12,25.

2.2.3 BusHaueHHa yacToTH OOepTaHHa BaniB. Yactora oOepTaHHA Bally

€JICKTPOABUTYHA, a OTXKE 1 BUAKOX1HOTO Baly peayKTopa Oyie

Nyow =My = IE‘.:"r':"EIEII[IVIIAH. (2.18)

Yactora o0epTaHHs TUXOX1THOTO BAIy PEIYKTOpa BUZHAYAETHCS TaK

n
nz — .II[]M; (219)
tpen
970 80 06/
Ny =13 125 — 00 00/MHH.
YacroTa obepTanHs nepBUHHOI mectepHi: My = Ny = 8006/xB.

OTpumaHni 3HaYEHHS 4YacTOT 00epTaHHS 3BECHO TAOIHUIIO 2.2.
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Tabmuis 2.2 — Yactotu obepranus BajiiB (0apadany)

Ban enextponBuryna | lIBuakoxignuii | Tuxoximuuit | IlixBinnoBa Bapaban
BaJI Ban IECTEePHS

970 970 80 80 8

2.2.4. IlpoexkTHuii po3paxyHOK 3yOuacToi IWJIIHIPUYHOI TIepeaadi.
Bu3HaueHHS KOHTAKTHO1 HAIIpYyTH, IO AOMycKaeThca. Po3paxyHok Begemo 3a [7].

JlommycTMa KOHTaKTHA HApyra BUSHAYAETHCS 3a 3AJIEKHICTIO

TyLim
Sy

"lpdv Ky Ky, (2.20)

Thpi(2) =

1€ O H lim - MEa KOHTAKTHOT BUTPUBAJIOCTI 3y0a, BINOBIHA €KBIBAJICHTHOMY
gucay uukiis, Mlla;
S u - xoedimient Oe3meku; I 3yOYaCTUX KOJIC 3 OJHOPITHOIO
CTpyKTyporo marepiany, Sy = 1,1 [7];
Z g - xoe(illieHT, MO BPaXxOBY€ MIOPCTKICTh CIOJYYEHHX MOBEPXOHBb
3y0iB, 1t 3y0yacTux nepenad 9 crymnenst TounoctiZ g = 0,9;
Z - KoeditieHT, 10 BpaxoBye OKPYKHY MIBUAKICTh; PH V < 5 m /c
Z,=10;
L k - xoediiieHT, 10 BpaxoBye BIUIMB MAacTHIIA; Yepe3 HEAOCTATHICTh
EKCTIIEPUMEHTAIbHUX JAHUX MPUHUMAEThCS pIBHUM ojuuuIli , K | 1 ;
K yi- xoedilieHT, 1110 BpaxoBye po3Mip 3y04acTOro Kojieca; OplEHTOBHO
npuiiMaemo K 51 =1,0, K 2 =0,93
Meska KOHTAaKTHOI BUTPUBAJIOCTI 3y0a, IO BIAMOBIIAE €KBIBAJEHTHOMY

YUCITY ITUKIIIB

OyLim = OnLimb * Kyps (2.21)

s . :
ne  mb - momycTMMa KOHTAKTHA Hapyra, 10 BiJAMOBIIa€ 0a30BOMY YUCTY

LIUKJIIB HATIPYT;
Kul - KOeQimieHT [OBrOBIYHOCTI TMPH PO3PaxXyHKy KOHTAKTHY

BUTPUBAIICTb.
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JlommycTiMa KOHTaKTHa Hampyra, IO BiAMOBinae 0a30BOMY YHCITY ITUKIIIB
HaTpyT:

JHM?HU =1.8 ‘HHH + 5?, {222)

ne H yg - cepenust TBEpAICTh AJISl ABOX TPAHUYHUX 3HAUEHB TBEPJIOCTI KOJIIC.

VY 4ncenbHOMY 3HAYEHH1 OTPUMYEMO

1269 +302

O-l'llimhl = 1’8 ot 67 - 581A1Ha

: 235+ 262

O tiimpz = 1,8 +67 =514MTla

KoedimienT 10BroBiYHOCTI MPU PO3PaXyHKY HA KOHTAKTHY BUTPUBAIICTb

(2.23)

ne N Ho - 6a30Ba KIIBKICTh HUKIIIB 3MIHM HANPYT BIANOBIJIHE TPUBAIIA MEXKI1
BUTPUBAJIOCTI,;
N He — €KBIBaJICHTHA KIIBKICTh IIUKJIIB 3MIHU HAIpPYT.

ba3zoBa KITBKICTh LHMKJIIB 3MIHM Hampyr BIJAMOBIAa€ TpUBATIH MexXI

BUTPHUBAJIOCTI
Nyo = 30+ H34; (2.24)
269 + 302\ **
Nyjoq = 30 - (T) — 2.35-107;
235 + 262\** ,
Nios = (T) = 1.68- 107,

[Ipu mocTiitHOMY HaBaHTa)KEHHI Ta 3a4E€IUICHHI 3 OJJHUM KOJECOM

Nyg = 60- Ly -, (2.25)

e "M - moBHA KiNbKiCTh TOAMH POOOTH 3a PO3PAXYHKOBMI TEPMiH CITyKOH,
npuiimaeMo L = 50000 200 ; n—vactoTa o0epTaHHA. Y YHCEIbHOMY 3HaU€HHI1

OTPUMYEMO
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Nyg, = 60 - 50000 - 80 = 24 - 107,

Ny, = 60 - 50000 -8 = 2.4 107.

N g1 > Nyor K, =1 )

5 TO

1.68 - 107
KHLZ - W - 084

Meska KOHTaKTHOI BUTPUBAJIOCTI 3y0a, 1110 BiJMOBI A€ €KBIBAJICHTHOMY YHUCITY
LUKJTIB

Oyiim1 = 581+1 =581 MIla;

Omimz2 = 514 -1.04 = 535 MIla.

[TincraBnsitoun oTpuMani 3HaueHHs hopmyay (2.20) oTpuMaemo:

581
ﬂ-”p]_ :ﬁ‘ﬂ.g'l'l‘ 1 :4?5 M]-[ﬂ;
535
Oupr = 7109711 0.84 = 368MIla.

JI1s IpAMO3YOHX KOJIC K - yp IPUMMAEThCS JOMYCTUMA KOHTAKTHA HAIPyTa

TOI'O 3Y6‘IaCTOFO KoJ€cCa, OJId SKOIro BOHO MCHIIIC. Takum uynHOM

ayp = 368 MIla.

BusHaueHHs M1)KOCHOBOI BiJICTaHI.

Buznauaemo Mi>kOChOBY BiJICTaHb BIHIIEBOTO 3a4ETICHHS 32 ()OPMYJIIOI0

@, =K (i+1)- (2.26)

ne T - KpyTHUM MOMEHT Ha IIECTIpHI;

K pp- xoedilieHT, 110 BpaXxOBY€E PO3MOI1 HABAaHTAXKEHHS 32 IIIMPUHOIO;
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K, - nonomi>xxuuii KoeQilieHT, s PAMO3yOuX mnepeaay
K, 490 a *3;
 ba - KOS(IIIIEHT TUPUHHU KOJIIC III0JI0 MI?)KOCHOBOI B1ICTaH1; IPUHMaEMO
WV pa= 0,15 .
Koedimient K yp BUOMpaeMo 3aieXHO BiJl BITHOCHOI MIUPUHHU 3y04acTOTO

BIHIIS TIIECTEPHI \J b -

Wy« (i + 1) .
Wpg = — > ; (2.27)
0,15- (12 + 1)
Ypa = 5 = 0,975.

Toni Bignosiguo 10 K 5 =1,09[7].

3HaueHHs MI>)KOChOBOI BiJICTaH1 3a popmyiioro (2.26)

3| 1015,3-1,09

a, =490-(10+1)- 10-0.15 - 3682

= 948, 4mm.

BignoBimno 1o [7] oTpuMaHe 3HAYEHHS OKPYIJISEMO JI0 HANOIMIKYOTO
CTaHapTHOTO 3HAYCHHS

a »=1000 rm

BusznauenHst Monyiis nepenayi.

3Ha4YCHHS MOJYJISI M JJIs MOKPAIICHUX KOJIIC BH3HAYAETHCS 3 HACTYITHOTO
BUpa3y

m = (0.001 ...0.002) - a,; (2.28)

m=1,01-1000 =10 mMmM.

MpUMaEMo cTaHapTHE 3HadeHHs Moaysst M = 10 aum.

CyMapHa KUJIbKICTb 3y0iB
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- _Z-awcosﬁ. 599
2y (2.29)
b 2-1000- Cos0 900

10 T,

Yucno 3y6iB mectepHi Ta kojeca. Yucso 3y0iB mecTepHi

Zs

Zy = ——=2 Zymins (2.30)
Iy 1

z, = 200 =18.1
10+1 IIT.

3HauUeHHS Z1 OKPYIVISIEMO Yy HaWOMMK4Yy CTOPOHY 10 IUIOrO YHCHa.
[Tpuitmaemo 1 = 18.

Yuco 3y0iB Kojieca BU3Ha4YaeMO 3a (OpPMYJIOH0

7=~ 2 (2.31)
Z, =200—18 = 182.

DaKTUYHE NEPEAATHE YHUCIIO.

3HaxoAuMo (paKTUYHE MepeaTHE YHCIIO

Zy
iy = = 2.32
Ly Z, ( )

- 182 10,11
p = —— = , .
®~ 18

Bigxunenns pakTHIHOTO MepeaaBaIbHOTO BiJ] HOMIHAIBHOTO

[(10.11-10)/10,11]-100% = 1,08% < 4% 7

Po3paxyHOK OCHOBHUX r€OMETPUYHUX MapaMeTPIB.

Buznauaemo MimuibHUN TiaMeTp MIeCTIpHI

d, =Z m_ 2.33
1= 4 oo (2.33)
10
d; =18- = 180 mmMm.
cos



Busnauaemo mimunbpHUN TiaMeTp Kojeca:

m
cosfi’

d2=ZE

10
d, =182 -——= 1820 MM
cos 0

Busnauaemo niameTp moyaTKOBOTO KOJia IIECTEPHI

2-a,
“lT I FT
2-1000
dm‘ = m= 181.8 mmM.

Busnagaemo niaMeTp moyaTkoBOTO KOJia IIECTIPHI:

g ~2-1000-10
@27 10+ 1

BuzHnauaemo miaMeTp KoJsia BEpLIMH MIECTEPHI
dyy =d; +2(1 +x; —y)m,
1e y — KOe(ILIEHT CIPUNHATOTO 3MIIIEHHS;

a —MI>)KOChOBA B1JCTaHb.

y = —(1000 — 100) - 10 = 0 ;

dyy =180+ 2- (1403 +0)-10 = 206 MM.

Busznauaemo miamMeTp Kosia BEpIIUH Kojeca

depo=d, +2(1 +x, —y)m;

dg, =1820+2-(1—0.3 +0)- 10 = 1834 mm.

38

(2.34)

(2.35)

(2.36)

(2.37)

(2.38)

(2.39)
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Busznauaemo miameTp 3amaauH 3y0iB IIECTEPHI:
dey = dy —2(1.25 — xym); (2.40)
drs =180-2-(1.25-0.3)-10 = 161 mMm.
Busznauaemo miametp 3amaauH 3y0iB Kojeca
de, = dp — 2(1.25 — xp)m; (2.41)
df»1820—2-(1.254+0.3)- 10 = 1789 Mm.
PoGoua mmpuHa BiHIA 1IECTEPHI
by =Wpa " Ay; (2.42)
b, =0.15-1000 = 150 MmmM.
h=0.5(dg1 — df1); (2.43)

h=0.5-(206—161) = 22 Mm.

2.2.5 Bu3HaueHHS OKPYKHOI IIBUIKOCTI Ta IPU3HAYEHHS CTYIIEHS TOYHOCTI.

Oxpy’kHa MIBUJIKICTh HMIECTIPHI BU3HAYAETHCS 32 (HOPMYIIOIO

_mrdyn
Y= 601000’

= 31418080
60-1000

Kepytouucs [7] nis BIAKPUTUX TUXOXIIHUX TMepeaad 31 3HIKEHOI0 BUMOTOIO

(2.44)

=075 ™/c.

TOYHOCTI 3 V < 2 m/c npu3HavYaeThes 9 CTyHiHb TOYHOCTI.
2.3 Po3paxyHOK CTATHYHOI'0 PEKMMY €JIEKTPUYHOI0 NIPUBOLY

[Ipu po3paxyHKy CTAaTHYHOTO PEKUMY POOOTH €JIEKTPONPHBOIY HEOOXiTHO
noOyyBaTH CTaTUYHI XapaKTEPUCTUKU EJIEMEHTIB, IO JI03BOJSIOTh BU3HAYUTH
KUTBKICHI Ta SIKICHI MMOKa3HUKU CTATUYHHUX PEKUMIB CUCTEMH.

MexaHiuH1 XapaKTEpUCTUKH JBUTYHA Ta BUPOOHUYOTO MEXaHI3MYy.



40

HowminanbHa yactoTa o6epTaHHs

Wy = T *7,/30 = 3,14 = 970/30 = 101,53 pao/cex. (2.45)

CuHXpOHHA YacTOTa O0epTaHHs

w, = T *n,/30 = 3,14 * 1000/30 = 104,67 pad/cex. (2.46)

HominansHUI MOMEHT

Puow 11000

Myon = @,n 101,53

= 108,34 H * m. (2.47)

Kputnune koB3aHHA
Sk = Syon* (A +V22—1) = 0,03 * (2,1 +4/2,12 - 1) =0,1184. (2.48)

Kputnuauiit MOMEHT aCHHXPOHHOTI'O JIBUTYHA
M, =AxM,, =21%10834 = 227,5 H * m. (2.49)

3anie)KHICTh KOB3aHHS BiJI YaCTOTH OOCpTaHHS
s(w)=1-w/w, (2.50)
PiBusinHsa MexaniuHoi xapaktepuctuku AJl (bopmyna Kiocca)

2% M,

s )
(w) + Sk
S S(m)

M(w) = -

(2.51)




41

Pi3H1 BUpoOHMY1 MEXaH13MU MAIOTh Pi3HI MEXaHI4HI XapakTepucTuku. OgHaK
MOJKHAa OTpUMAaTH JEAKl Yy3arajJbHEHHS, SKIIO CKOPHCTATUCS HACTYITHOIO

EMITIPUYHOIO0 (POPMYJIOIO:
MC = M() +(Mc.um| —'M() )( (0/(’)»“»:)&‘ (252)

ne Mc - MOMEHT onmopy BUpOOHHYOI0 MEXaH13My MPHU MIBUIKOCTI ®;

Mo-MOMEHT TepTS B pyXOMHUX YaCTHHAX MEXaHi3MYy;

M siom - MOMEHT OIIOPY HPH HOMIHAJIBHIM MBUAKOCTI O poy ;

X — TOKa3HUK CTYIEHs, 110 XapaKTepu3ye 3MIHY MOMEHTY NpH 3MiHl

IIBUIKOCTI.

bapabanHa cymapka BIJIHOCHTBbCS IO MeXaHI3My, IO He 3aJleKHTh BiJ
mBHAKOCTL. Y 1poMy X=0 1 MOMEHT onopy Mc 3aeXuTh BiJI NIBUAKOCTI O .

ITyck nBuryna OapabaHHOI cymiapku BiOYBa€ThCsl IPH HE 3allOBHEHOMY
6apabani Tomy M ,, ., ,= 68,35,

Tak sk y Mipy MepeMilleHHS Martepiany B3[oBxk Oapabana ioro ¢izuyHi
BJIACTHBOCTI Oe3MepepBHO 3MIHIOIOTHCH 1 Y TEIJIOOOMIHHHKIB, @ TAaKOXK Yy MOpOra,
SKIO Koprmyc OapabaHa CKJIaJeHWH 3 4YacTHH PI3HOTO JiaMeTpa, BiIOyBaeThCs
CKYIYEHHSI MaTepialy, BU3HAYCHHS Cepe/IHbOI HMIBHAKOCTI HOro pyxy Ta IUIOIII
nepepizy TEOPETHYHHM IUISXOM MOB'I3aHe 3 JyXKE€ BEIHUKUMHU TPYIHOIIAMH.
3anpornoHoBaHi s i€l METH PIBHSAHHS, BIAPI3HAIOUUCH CKIIQJHICTIO, HE
BIJIPI3HSAIOTHCS I ¥ MOTPIOHOK TOYHICTIO 3a pe3ysibTaTaMH BUPOOJICHHUX 3a HUMHU
obunciieHb. ToMy NpH BUKJIaJICHOMY HWK4Ye BUBCJICHHI PIBHSHHS, IO BH3HA4ae

MOTYXKHICTh, HEOOX1IHY VISl TIIAHOMY MaTepiary

IlyckoBi MomeHTH A/ 3araJbHONPOMMCIOBUX Cepidi HAa TPUPOAHIN
MeXaHIYHIi XapakTepucTuIli HeBeiuki i cranoBiath (0,3 - 2,0) M . A ctpymu
poTopa Ta cTaropa HaaA3BUYalHO BeJMKI 1 gocsratoTh (5 - 10) | ;. [TyckoBuit MOMEHT

JIBUTYHA!

M,=K,*M,, =1,7+10834 = 184,178 H * u. (2.53)



IlyckoBuii cTpym ABUTYHA:

I, =K;*1

npuw =0,

npuw = 10,

npuw = 20,

npuw = 30,

npuw = 60,

npuw = 70,

npuw = 90,

npuw = 100,

npuw = 104,67,

PospaxyHok Ta noGymoBa rpadikiB Bupoossiemo Ha EOM, BUKOpUCTOBYIOUH

nporpamy Excel.

HOM

sl e D=
w) = T

= 6,5 x 24,42 = 158,73 A.

Opao/cex
104,67pao/cex

10pao/cex
104,67pao/cex

= 0,9045,

20pao/cex
104,67pao/cex

= 0,809,

30pao/cex

)
sS(w)y=1-—=1-
0
W
sw)=1-—=1-
g
) T .
s(w) = o
O I P
s(w) = T
T A
sw)=1-—=1-
g
)
S(a))—l—w—o—l—
W
sw=1-—=1-
Wy
)
sw)=1—-—=
Wy

104,67pao/cex = 07134

60pao/cex
104,67pao/cex

= 0,427,

70pao/cex
104,67pao/cex

= 0,331,

90pao

cex \ -
1046 pao/cex = 0,14,

100pao/cex
104,67pao/cex

= 0,045,

104,67pao/cex B
104,67pao/cex
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Pucynox 2.2 - MexaniuHi xapakTepucTuku AJl Ta MexaHi3Mmy.

s sseeass

-
q

T T 1

[~}

r

(50,00) - 50,00 100,00 150,00 200,00 250,00

Pucynok 2.3 - Mexaniuni xapakTepucTuku AJl mpu 3mMiHI 9acTOTH 3a

3akoHoM U/f=const.
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Pucynox 2.7 — I'padik 3a1€KHOCTI ITyCKOBOTO CTPYMY Bijl 4acy

55

Pucynox 2.8 - I'padik 3a1eKHOCTI YaCTOTH Yacy MyCKy
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Pucynok 2.9 - I'padik 3anexxnocti M Ta Mor 4aCy npu 4aCTOTHOMY ITYCKY

2.4 Bubip nepeTBopHOBava 4acTOTH Ta aIAPATYPH KePYBaAHHS

Croci6  peryioBaHHS  IIBHAKOCTI oOepraHHsS JIBUI'YHa BHOHpaeMmo
4acTOTHHIL, Tak SK weil croci® 3abesnedye IUIaBHE peryjioBaHHS IIBHIAKOCTI B
HeoOXIJTHOMY jIiama3oHi, a OJep/KyBaHi XapaKTepHCTHKH MaloTh BHCOKY
KOPCTKICTh. BH3HA4YeHHS HaNpyru Ta YacTOTH HeoOXiJHi /Juis poOOTH JABHIYHA B
3ajaHiil  TOYIl, 3BOAMTHCS JI0O YTOYHEHHS MOMNIHBOCTI 3ale3nedeHHs
IepeTBOPIOBaYa PIBHSA HANmpyrH Ta YacTOTH IPH PI3HHX HaBaHTAXKEHHAX Ta
KOJNIHMBAHHAX Hampyru Mepexi sxupieHHs. [li1 9ac XHUBJIEHHS AaCHHXPOHHOTO
JBHTYHA BiJl MepeTBOPIOBa4Ya YaCTOTH Yy MPOIECi MNepeTBOPIOEThCS HamIpyra
IPOMHCIIOBOT 4acTOTH. Y HANpPyry peryiioBaHHS aMmIUNTYJH Ta peryiioBaHHS
4acTOTH BHHHKAIOTh BTPATH HANMpyrH Ta MOTYKHOCTI NMepeTBOpIoBava. 3a3BHYail
NepeTBOPIOBaY Ma€ BHYTPIIIHIA 3BOPOTHHIT 3B'S30K, 1 MpPH 3MiHI HaBaHTa)KeHHA

JABHT'YHaA BHX1/IHA Hamnpyra 1 4acToTa I[IPAaKTHYHO HE 3MIHIOBATHCS.
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Tomy wamami Hampyra 1 YacToTa Ha CTaTopl  €JIEKTPOABUTYHA
MOEHYBATUMEMO HE3aJIC)KHUMHU BiJ] HaBaHTaKeHHsA. CHHXpOHHA IIBUIKICTH

JIBUT'YHA 3QJICKHUTH BIJl YACTOTH MEPEXKI1 )KUBJICHHS 1 YMCJIa Map IMOIIOCIB.

Jlnst criiikoi poOOTH ABUTYHAa HEOOXIHO 3MIHY 4acTOTH IIATPUMYBATH
3JIaTHICTh JIBUTYHA, 110 MepeBaHTa)kyBaja, 10 3a0e3nedyBaTUCs PeryJIIOBaHHIM
Halpyrd Ha CTaTopi 3a PI3HUMH 3aKOHAMH. 3aJIe)KHICTh BIJ] YacTOTH Ta BiJ
XapakTepy 3MIHH cTaTUYHOTrO MOoMeHTY. LI ocoGnmBocTI HEOOXITHO BpaxoBYBaTH
IpU pO3paxyHKy 4YacTOTH Ta aMIUIITYAu Hanpyru. HaliOuibinl nmommpeHuit 3aKoH
3MIHH aMILUTITY/IH HAlpYTH TPOMOPIIIHHO 0 YacToTH Y BUIJIsL 3akoHy: U/f=const,

IIPU TAaKOMY 3aKOHI MaKCUMAaJIbHUI MOMEHT MOCTIHHHI 1 HE 3aJIeKUTh BlJ] YaCTOTH.

2.5 CTpykTypHa Ta QyHKIiOHAJbHA CXeMHU YACTOTHO Peryjib0BaHOI0

€JIEKTPUYHOI0 MPUBOAY

YacToTHHN TIEpEeTBOpPIOBAY MOXKHA PO3AUINTH HA TPU OCHOBHI YaCTHHHU:
HEKEpOBAaHWU BUNPSIMIISIY, IHBEPTOP Ta CHUCTEMY YIPABIIHHS BUIPSAMIITIEM Ta
1HBEPTOPOM.

dyHKITIOHATBHA cxema CUCTEMU aBTOMaTUIHOTO KEepyBaHHS

enexkTpoaBUryHoM AIP160S6 3 yacTOTHMM MNEpeTBOPIOBaYEM HaBEJIEHA Ha pPUC.

2.14.
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Pucynok 2.10 - @yHKIlIOHaIbHA CX€Ma YaCTOTHO-PETYJIbOBAHOTO

CIICKTPOIIPUBOAY

BianoBigHo 10 GpyHKIIOHATBHOT CXEMH /10 CKJIaly €JIEKTPOIIPHBO/1Y BXOJSATh:

- BUKOHaBuui ABUryH (M) - AIP160S6

- cratuuHui nepetBoproBay yactotu (CILT), mo cknagaeTses 3 cunoBoi
YaCTUHHU Ta CUCTEMH YTIPaBIIiHHS CTATUYHHM niepeTBoproBaueM yactotu (CY PILI);

- cucreMa KepyBaHHs enekTporpusojioM (CY EII).

SIK BUKOHABYHMH JBUTYH B €JICKTPOIPUBO/I BUKOPHUCTOBYETHCS ACHHXPOHHU I
IBUTYH 3 KOPOTKO3aMKHeHUM poTtopoM. CuioBa uactuHa CIIY Briroudae
HekepoBaHuii Bunpsimiasidy (HB), aBroHOMHUMII 1HBepTOp Hampyra 3 MIMPOTHO-
iMnyJibeHORO Moaysisimiero (ATH IIIIM) 1 koHaeHcaTop y JaHIll MOCTIHHOTO CTPYMY

C. Cucrema ynpaBJIiHHSI CTaTUYHHM IIEPETBOPHOBAYCM CKIIAAA€ETHCS 3 TPHOX OJIOKIB:
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- ook BY 1, sixuit hopmye IMITyIIbCH YTIIpaBIIIHHS HAIBIIPOB1IHUKOBUMH
kmouamMu  VS1-VS6, ski 3abe3nedyroTh CHHYCOIAAlIbHY [IHPOTHO-IMITYJIECHY
MOTYJISIIEO TpH(a3HOT BUX1IHOT HAIPYTH CTATHYHOTO [IEPETBOPIOBayda YacTOTH IPH
poOOTI ENEKTPONIPUBOLY Y PYXOBOMY PEIKUMI;

- onok bO2, saxuit popMye IMIyJIbCH YIPABIIIHHS HAIlIBIPOBITHUKOBUMU
kmouamu  VS2, VS3, sgki 3a0e3neuyioTh MIHUPOTHO-IMITYJIBCHY MOMYJISALIIO
MOCTIHHOT Hampyrd, MO0 TPHKIAJAAE€ThCA JIO JIBOX MOCIHIOBHO 3'eqHaHuX (a3
O0OMOTKH cTaTopa MpH MOXJIUBIH poOOTI eeKTPONPUBOAY B PEKHUMI JIMHAMIYHOTO

raJlbMyBaHHS|

- KOMYTaTOp IPOXOJKEHHS IMITYJIbCiB KepyBaHHs K.

-CucreMa ympaBiIiHHS €JIEKTPONPUBOJOM BKIIIOYAE€ HACTYIHI €JIEMEHTH 1
OJIOKHU:

- [Tynbt kepyBanns (I1Y);

- JaTIuK MBHAKOCTI [IB;

- nponopiiiHo-iHTerpansauil perystop (I1I);

- nBa cymaropu Cl1 ta C2;

- ¢dbyHkuioHanbHUM nepersoproay (DII);

- 3a/1aTYuK IHTEHCUBHOCTI raabmyBanHs (31T);

- 010Kk 00uHCIIeHHS CHHXPOHHOT YyacToT o0epTanus (BB o).

IIpu poboTi B pyXoBOMY peKHUMI €JIEKTPOIPHBOJI € 3aMKHYTOK CHCTEMOIO
aBTOMATHYHOT'O pEryJIOBaHHS 31 3BOPOTHUM 3B'S3KOM [0 4YacTOTI 0OepTaHHS.
HeoOxi/1He 3HaYeHHS YacTOTH 0OepTaHHS JABUTYHA 1 ITyCK JIBUT'YHA IIPH YaCTOTHOMY
peryJIlOBaHHI BCTaHOBIIOEThes 3a jonomororo IIY curnan 3 BuXoay sIKOro
HaJIXOJMTh Ha MO3UTUBHUMN BX1J1 cymaropa C1. Ha HeratuBHuii Bxi1 cymaropa Cl
HaJXOJMTh CHUTHaJ, MPOMOPLIHHUI A0 (PaKTHYHOI 4acTOTH oOepTaHHS JBUTYHA.
Pi3auns curnainiB, mo 3HIMaeTbes 3 BUxoay cymaropa Cl, HaJXoJUTh Ha BXIJ
PONOPLIHHO-IHTETrPAIBLHOTO PEryJISITOpa, SKHii 3a/1a€ HeoOX1/IHY 3aJIeKHICTh 3MIHH
YacTOTH HANpYrH 1 BEIMYMHM HANpPYrH Ha BHUXOJl CTATHYHOIO IEpeTBOpIOBava
yactoTd. OyHKuioHanbHUI neperBoproBad DI BHKOHYEe HEOOX1THUN 3B'S30K MiXK

4acTOTOIO HANPYTU Ta YHHHUM 3Ha4YeHHSIM Hanpyru Ha Buxoai CILJL
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3 JOCIAXKEHHSA CUCTEMU KEPYBAHHSA EJIEKTPUYHUM

MMPUBOJOM CYHIMJIBHOI'O ATPETATY B CEPEJOBUIII MATLAB

3.1 Ck1agaHHA CTPYKTYPHOI Ta PyHKIiIOHATBbHOI cxeM cuctemu ITY-AJ]

OnnuM 13 HaMOUTBII €(PEeKTUBHUX MUISXIB PO3BUTKY €HEpPro3oepiraroyux
TEXHOJOTIYHUX PEXKHUMIB TPU KEPyBaHHI CYIIMJIBHHUMHU arperatamu €
CJIEKTPOIpUBOA. B paHMii yac NOMiHyIOYE TMOJOKEHHS 3aliMarOTh YacTOTHO -
peryibpoBaHi ACHHXPOHHI EJEKTPONPHBOAM 3 CHUCTEMaMH AaBTOMAaTHYHOTO
yIpaBJIiHHS, 110 J03BOJISIE€ BUPIIIUTH HE TIILKU TEXHOJIOT1UHI1 3aBAaHHS CYIIHIBHUX
arperariB, ajie i mpooyeMy eHepro3oepeKeHHs.

@opMyBaHHA HEOOXIIHMX CTaTUYHUX Ta JUHAMIYHUX BIIACTHBOCTEH
ACUHXPOHHOTO YaCTOTHO-PETYJIbOBAHOTO EJIEKTPONPUBOAY MOXKIMBE JIMIIE Y
3aMKHYTIN CHCTEMI PEryJloBaHHS MOTO KOOPAUHAT, (PYHKI[IOHAJIbHA CXeMa SKOTO
npejcTaBiieHa Ha puc. 3.1, ne P — perynsarop; J| — 1aTuuk 3MiHHUX €JIEKTPONPUBOTY;

ITY — nepeTBOprOBaY 4acCTOTH.

Pucynok 3.1 — ®yHkIiioHalnbHa cxema 3aMKHyTo1 cuctemu [TH-AJ]

Jlns 301IbIICHHS Jiana3oHy pEryJIOBaHHS IIBUIKOCTI 10 1€l CHCTEMHU
pEryiIOBaHHS HEOOXiTHO BBEJACHHA HETAaTUBHOTO 3BOPOTHOTO 3B'SI3KY TIO
MIBUAKOCTI. TOX y MaTeMaTUYHOMY OIHCI TIEPEX1THUX MPOIIECIB EIEKTPOIPUBOILY
BpPaxOBYEThCS 3BOPOTHHMM 3a mBUAKicTIO. CTpykTypHa cxema cucremu [TU-AJ] 3

HCTAaTUBHUM 3BOPOTHHUM 3B'I3KOM 3a H_IBI/I,Z[KiCTIO MaTHUME BHUTJIA:
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Pucynok 3.2 — CtpykrypHa cxema cuctemu [TH-A/l 13 3BOpOTHHUM 3B'SI3KOM

3a NIBUIKICTIO

3a3HauMMoO, IO CTPYKTypHa CX€Ma, BIJNOBIAHO A0 pHUCYHKa 3.2, €
JIHEApU30BaHOI0 CHUCTEMOIO eJlieKTponpuBoay. Ha cxemi mnpuiHATO Taki
NO3HAYEHHSA: f - MOAYJb >KOPCTKOCTI MEXaHIYHOI XapakTepuCTUkH; Te —
CKBIBJICHTHA €JICKTPOMArHiTHa MOCTIHA Yacy JaHLIOTiB ctatopa Ta poropa A/l;
Ky — mepenaBanpanii koedimient ¢ynkuii [TY; 7 y - IlocrifiHa wacy naHIrora
ynpasmiaas [1Y; 7', - enekrpomexaHiyHa MOCTiHA Yacy.

PiBHSIHHA pyXYy, 3TiAHO 3 mepenaTtHoro (QyHKLier0 W 1| CTPYKTYpHOI CXeMH,

MOJKHA 3allMCaTu B HACTYIIHOMY BI/IFJ'IﬂI[iZ

Aw 2 1
AM -AM_  BT.p’

(I.A(!) _ L
dt T,

(AM -AM ), (3.2)

BiamoBimno no mnepenaBanbHOi  GyHKIIT W 2 MaTEMEMO HAcTyIHE

CI1BBITHOIIICHHS:

AM p
Aw,~Aw 14T p’

SIK€ MO’KHA HAIMUCATH Y BUTIIAI JU(DEPEHINIaTbHOTO PIBHSIHHS:

r dAM

+AM = A, — Am), (3.4)
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Pigusiausa [TY, Buxoasun 3 nepenaBanbHoil GyHKIT W 3 3aITUIIIEMO:

nM4§9LHv¢_kWAU“. (3.5)
dt
a PC (mepenarouna ¢yskitis W 4 ) TpeICTaBUMO PIBHSIHHSIM:
AU p =kp (AU, =AU, )—»j(..-,\(" =AU, Mt (3.6)
[Tpupict A U , 3anuiemMo B HaCTYITHOMY BUTJISIL
AU, =AU, -k, Aw, (3.8)

ne A U ; - 30inbiienns 3amae curnainy; K - KoedimieHT 3BOpOTHOTO 3B'SI3KY
1O IIBUKOCTI.

Takum YUHOM, MaTeMaTUYHUMN

€JEKTPONPUBOAY CYIIHIBHOTO

OITHNC JaCTOTHO-PCTYJIbOBAHOT'O

arperatry MOJKHa TPEJICTABUTH HACTYITHOIO
CUCTEMOIO PIBHSHb:

dAw _ L_(:MI _AM), (3.9)
de  prT,
AN
I M +AM = BlAw, — Aw),
at
4 {/"\0-,"' + Aw, = K AU 5
dt
dAU ,, dAU |

T, =k, T,. —2L+AU .,
" (/f T X (II )

AU, =AU, —k, Aw.

3.2 MaremaTu4Ha MoJeJib 0apadaHHOI0 CyIIMJIBHOIO arperary

Posrnsnemo cymmnbHuN arperat sk 00'€KT yHpaBiiHHA Ta HaBEAEMO
MaTeMaTUYHUN ONMUC HOro CTaTUYHUX Ta AUHAMIYHUX PEXKHUMIB Ha OCHOBI

MaTeMaTUYHOI MOJIEJI CYIUIbHOTO arperary [3].

MaremaTuyHUN ONMUC XAPAKTEPUCTUK CYIIUIBHOTO arperaTty 3amuIleThes Y
TaKoOMy BUTJISII:

H=h*o' +b*w-rm*q’,

(3.10)
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ne ho - HaBegeHNI HATUCK XOJIOCTOTO X0y CYIIUIBHOTO arperary;

b — koedirmieHT, MO XapakTepu3ye JHIHHY 3aJeKHICTh MK IIBUAKICTIO
oOepTaHHS Ta 3aBaHTaKEHHAM OapabaHa CyIIMIIBHOTO arperary;

I ,, - KOCIIIEHT, 10 XapaKTepU3y€e BHYTPIIIHIA MEXaHIYHHUM OIip CUPOBUHU
B OapalaHi.

VY piBusnHi (3.10) ABa nepini wWieHn BU3HAYAIOTH MIPOILIeC Niepeiadl eHeprii Bij
peayKTopa arperaty, a TpPETi WICH BU3HAYa€ CyMapHi BTpPaTH CYIIMJIBHOTO
arperaty, MNpPOMNOPLIHHI KBaApaTy MPOAYKTHUBHOCTI. 3 1LbOrO BHUILIUBAE, IO
JMHAMIYH1 TOKAa3HUKH Ta IHEPLINHICTh CYIIMIBHOTO arperaty BU3HA4aeTbCs JBOMa
nepmuMu - goaaHkamu  piBHSHHS (3.10). Jlnsg oTpumaHHS 3aleXHOCTEH, 110

XapaKTepU3ylOTh TMOBEMIHKY CYIIWJIBHOTO arperary B JHUHaMiIll, I[O3HAYUMO

T=U0%O.+9xO .
5 AK JUHaAMIYHY CKJIAJOBY XapaKTEPUCTUKY OapabaHHOTO

CYIIWJIBHOTO arperary.
JluHaMIyHy XapaKTepUCTUKY CYIIWIBHOTO arperaty 3 ypaXyBaHHSAM

NEepeX1THUX MPOLECIB Y HhOMY MOXHA NOJIaTH Yy BUTJISAIL

dlz+:—h*m+h“*m", (3.11)
dt

I

H

abo

(b*w+h, * ). (3.12)

I,p+1
Cnin 3a3HauuTH, 110 OapabaHHUN CYIIWJIBHUM arperat €IMHUN MEXaHi3M,
SKAA Mae MaxoOBY Macy, CKJIaJeHy pPOTOPOM €JIEKTPOJBHIYHA 1 pPoOoYnM

PEeYyKTOpOM, 3'€THAaHUM 3 OapabaHOM 1 Ma€ MEXaHIuHy MOCTINHHY Yacy.

3.3 MoaenoBanns cucremu ITY-AJl — 6apabanHuii CymImJIbHUA arperar

y Matlab

Marematnuna wmojaenb cuctemu ITY—AJ[ 31 3BOpOTHUM 3B'SI3KOM 3a
HIBUJKICTIO — OapabaHHMI CyIIMJIbHUN arperaT, Ha OCHOBI CUCTEMH PiBHSHb (3.9)

Ta (3.11), MaTUMe HACTYIIHUI BUTJISIA;
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sAm_ L xig—Kak),
dt B

L :‘
dr

N
T (—(:;i + Ay, =k AU - (3.13)
1

AL . . iAa ore
¢ ‘”n < ‘,\(,v‘ _/\.“ ]n'/"w ‘T”{_) _k" ]"./\'m Aa.

I8

. dz .
! +z=b*w+h *w,

" dt
ne T p . mOCTIiHA Yacy NEepexiJIHUX IMpoIeciB y peaykTopi OapabaHa
(aHaJIOT14YHA €IEKTPOMArHiTHOMY MOCTIMHOMY 4acy €JIEKTPOJBUTYHA).
JI71s1 3py4HOCT1 AOCIIIKEHHSI TIEPEX1THUX MPOILeCiB AuHaMIKU cuctemu [1Y —
AJl 31 3BOpOTHUM 3B'SI3KOM 3a IIBHUJKICTIO Ta OapabaHHHWI CYNIMJIBHMM arperar,
MiCJg HECKJIAJHUX TMEPEeTBOpEeHb, cucremy piBHIHL (3.13) mnpencraBumMo y

HACTYITHOMY BUTJISIJII:

.8 —l—(\ - A),
d  pT,
dy B B L,
dt T_ T. T, ) (3 14)
de, kg, 1
— = A= Xas
dt Tpy Ty
ﬁ =1y /‘iv T/V'kt_x' ﬁ =3 I‘/Y'Tn kn(' X
dt T, dt T
dx. b 2h,x, 1
—=(—+ )X, — =X,
dt / i Tn Ty

[Iporpama posB'szanns cuctemu (3.14), mpu mapameTpax acHUHXPOHHOTO

neuryHa AIP160S6:
P, =11kBt; n=97006/Mun; £ =5,085; T,, =0,1; T, =0,05,

napamerpax I14:
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k."l'l = 5: 'r[m = ”-(x)] ’
napaMeTpH peryisiTopa MBUIKOCTI, Koe(illieHTa 3BOPOTHOTO 3B'SI3KY:
ko =086; T,.=035; k,.=03,

a TaKOX IMapaMeTpH 0apabaHHOTO CYIIMIBHOTO arperary:

=057 hy=0); x3=35; T;=0,045,

IpeacraBjIiCHa Ha pucC..

MMN
0:;0;0];
e (énass, [0 20],x0);
ot ( P )
hold
grid
old
nction dx=nass(t,x)

dx=zeros(5,1);

dx{l)=1.96*%(2)-78.6*"x(1);
dx(2)=101.7*x(3)-101.7*x(1)-20*%(2):;
dx(3)=5000*%x(4)-1000*x(3);
dx(4)=5*(l-exp(-t/3))-0.74*(1.96*x(2)+0.56*x (1)~
B0*x (1)"2)- 0.74*x(1);

dx (5)=140*x(1)-20*x(5):

end

end

VY mporpami ajis BUPIMIEHHS CUCTEMH AUQEpeHLiabHUX piBHSIHBL (3.14)
BUKOPHUCTOBYETHCS uncenbHuil Mmeton Pynre — Kyrra [4].
I'padixu nmepexignoro nporecy cuctemu [TU — AJl Ta cymmunsHOTO arperary

npeacTaBiieHi Ha puc. 3.3, 3.4.
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Pucynoxk 3.3 - Ilepexignuii npouec mBuakocti cuctemu T4 — A/l arperary

P 3aBaHTaKEHOMY OapabaHi
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Pucynok 3.4 - IlepexigHuii mpoiiec 3ajeKHOCTI 3aBaHTaXKCHHS BiJl

MIBUKOCTI TIPH MOPOKHBOMY OapabaHi
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Opnak, Ha OCHOBI nepenaBanbHUX (QYHKIIN (puc. 3.2), AMHAMIKA CUCTEMHU
MY —-AJ[ — OapabaHHUN CYyIIWIbHHMIA arperaT MoOXe OyTH JOCHIiPKeHa Ha

CTPYKTYpHIH cXeMl MOJiei, IpeAcTaBIeHol Ha puc. 3.5.

Continuous

powergui
Gain2 Step1

Uz
<o
pe = PR

M w

38 5.085 1
% PID |—pw 2 >

. 0.001s+1 0.08s+1 s
PID Controller Trgnsfer Fon2 Transfer Fent Transfer Fen >

Mc Scope
Ste i
Gain e Gain1
i |
KOC\‘

Pucynox 3.5 - CtpykrypHa cxema mozeni cuctemu [14 — AJ] — 6apabannuit

cymriibHuM arperat y MATLAB

Ha puc. 3.6, 3.7 mokazani mepexigai mpomecu cuctemu [ — AJ[ 1

OapabaHHU CYIIMJIBHUN arperaT NpH 3MiHI MapaMeTpiB Peryysaropa IIBUAKOCTI

M4 - AJ{(kPC3, TPCo1).

Pucynok 3.6 — Ilepeximumii mpomec cuctemu I[TY-AJ] mpu koedimieHTi

nocwieHHs perystopa mBuakocti K =0.1



S7

S8 LPRAL ARE B

Pucynok 3.7 - Ilepeximuuii mpomec cucremu [IY-AJl npu koedimieHTi

noCHUJIEHHS peryisTopa mBuakocTi T (=3

Bizyanbre mocmimkeHHs ociuiorpam (puc. 3.6, 3.7) mokasye, 110 MBHIKICTh
obepranHs OapabaHa 3a SIKICHUMH XapaKTEPUCTUKAMHU BIIAMOBIJIA€ IIBUIKOCTI
cuctemu [TY - AJ] 31 3BOpOTHUM 3B'S3KOM 3a MIBUAKICTIO. Bi3dyanbHe mocCiiKeHHs
ociuiorpaM (puc. 3.8, 3.9) nokasye, 1110 TEMIIM HAPOCTaHHS IIBUIKOCTI OapabaHa

(MpuCKOpeHHs) BUIIl, HIXK TEMIT HAPOCTaHHS 3aBaHTAKEHHs OapabaHa.
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BUCHOBKHA

Y OGakamaBpchkiii  poOOTI Oyno pO3poOJIEHO CUCTEMY  YIPABIIHHS
eJIEKTPOTIPUBOIOM 6apabaHHOTO CYIIMIIBHOTO arperaty, 3a CXeMOI0 MepeTBOPIOBaY
JacTOTH - aCHHXpPOHHUH NBUTYyH. Po3paxoBaHuii Ta oOpaHuii nBuryH tumy AIP
160S6 ni1s MexaHi3My CYIIMIIBHOTO arperaty, mepeTBOproBay yacToTu Ha 6a3i AIH.
Po3pobneno  matematuyHy ~ Ta  BIpTyajdbHy  MOJENIl  MPOMOHOBAHOTO
enexkTponpuBody. JlocaipkeHHs BIpTyalibHOI Mojelni B cepenoBuill Matlab
MOKa3ajJ0 TrapHy SKICTh TMEPEeXiJHUX TPOIIECIB, fKI BIAMOBIJAIOTH BHUMOTraM
TEXHOJIOTTYHOTO MPOIIECY.

B pe3ynbTaTi npoBeieHOro MOPiBHSHHS BUJTHO, 1110 BapiaHT €JIEKTPOIPUBOTY
3 aCMHXPOHHUM JIBHUTYHOM 3 KOPOTKO3aMKHEHHUM POTOPOM 1 IEPETBOPIOBAYEM
4aCTOTH €KOHOMIYHO JIOIIbHIIIIE, HI’)K aCHHXPOHHUH ABUTYH 0€3 PEryIIOBaHHs, TaK
K 4ac OKYITHOCTI1 €JIEKTPOIIPUBOTY, 1110 BIIPOBAKYETHCS MEHIIIE HOPMATHUBHOTO.

EnextponprBoa 13 YacTOTHO-KEPOBAHMM  EJIEKTPOIABUTYHOM  JIO3BOJISIE
3MIMCHIOBATA OUIBII SIKICHE TPOCYIIYBaHHS 3€pHa Ta 3abe3neuye OUIbIILY
MPOAYKTUBHICTh. KpiM TOro, MOXJIMBUI €KOHOMIYHHUIA €QEKT BiJl TAaKUX (DaKTOPIB:

— ExoHOMIsI BiJ TPOCTOI0 YCTaTKyBaHHsSI PAaxXyHOK 3HIDKEHHsS aBapiHOCTI

BHACIIIJIOK TOPUBIB y Mepexki (3HIKEHHS HAJUIMIIKOBOTO  THUCKY,

HAaBaHTA)XCHHA Ha IICX 3 YCTaTKYBaHHHM).
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1 DESCRIPTION OF THE TECHNOLOGICAL PROCESS

1.1 Description of production technology and prospects for improving the

electric drive of the drying unit

At the enterprise, oil extraction includes the following stages: preparation of
raw materials; prepressing ; crude oil filtration; extraction of oil from cake; separate
refining of prepress and extraction oil.

At the stage of preparation of seeds for oil extraction, they are cleaned of dirt
and debris, calibrated according to size. This is followed by the collapse of the seeds,
the crushing of the husk , and the crushing of the core.

The next stage is prepressing . Forpressing is obtaining vegetable oil from
cleaned and crushed seeds by pressing (pressing). At this stage, it is possible to
extract from 60% to 85% of oil. Such pressing is called "cold pressing ", and the
resulting oil is called raw. Next, the oil is settled and filtered to free the oil from
particles suspended in it.

The essence of filtration consists in forcing oil through the pores of a semi-
permeable partition, through which the liquid medium (oil) passes and suspended
particles do not pass (or almost do not pass).

The cake obtained after fopressing is sent for extraction. The extraction
process is based on the ability of vegetable oils to dissolve in organic solvents. As
solvents for extracting oil from vegetable raw materials, extraction gasoline of the
"A" brand and nefrax are used .

Refining consists of the following stages: hydration, neutralization, bleaching,
freezing, deodorization.

The main purpose of hydration is to remove phosphatides and some
hydrophilic substances from unrefined oil. The oil is treated with a solution of citric
or phosphoric acid, and then phase separation is carried out using separators or

capacitive devices with a stirring device - neutralizers.
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Neutralization involves the process of treating oil with alkali to remove fatty

acids.

Bleaching is used for adsorptive cleaning of various pigments and phosphatide
and soap residues after alkaline neutralization. As an adsorbent, as a rule, acid-
activated bleached earth (clay) is used - the natural mineral montmorillonite.

Freezing ( winterization ) is used to remove waxy substances from oils. It is
carried out in special devices - crystallizers and expositors . In the process of
freezing, the oil is mixed with kieselguhr or perlite and slowly cooled to a
temperature of 5-8 °C , then kept for several hours and sent for filtration.

Deodorization is the final stage. The oil in the deodorizer is treated with hot
steam at temperatures of 225-260 ° C and a residual pressure of 1-3 mmHg . As a
result, odor-causing substances , pesticides, herbicides and fatty acids are removed .

Drying seeds allows you to significantly improve the quality of vegetable oil,
and also increases the storage period in warehouses, since seeds with a moisture
content of more than 7 percent deteriorate quickly. Based on this, I consider it
necessary to introduce a special installation for drying raw materials into the
production process.

Consider the selected tumble dryer. In drum dryers, the main working body is
a rotating hollow steel cylinder called a drum. Curved blades are reinforced in a
circle inside, which, when the drum rotates, capture the seed located below and lift
it up. As the blades rise, the seeds fall from them and are distributed on the shelves
located inside the drum, which can have different shapes. When the drum rotates,
the seeds are spilled from shelf to shelf and thus evenly distributed across its entire
cross-section; at the same time, it is penetrated by a drying agent moving along the
drum. To move the seeds along the drum, it is installed with a slight inclination. The
movement of the drying agent usually occurs in the direction of movement of the
seed, which helps to accelerate its exit from the drum. The drum rests on rollers;
with small sizes, its trunnions, reinforced at both ends, rest on bearings. Drum dryers
operate under vacuum to avoid leakage of the drying agent through leaks to the

outside. On the side of the seed entering the drum and on the exit side, sliding
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labyrinth seals are provided, which, while not interfering with the rotation, at the

same time prevent the passage of air inside. When the seed is repeatedly poured from
shelf to shelf during the rotation of the drum, it is well mixed and evenly dried. The
seed is in the drum in a loose state, so its drying is significantly accelerated (by 2-3
times) in comparison with the drying of seeds lying in a dense layer in mine dryers;
the decrease in its humidity due to its passage through the drum, under the condition
of maintaining quality, is 4-5%. Filling the volume of the drum is (20-25%), the
amount of moisture evaporated in it ( moisture tension ) at a drying agent
temperature of 150-200 ° is within 20-40 kg/m 3 per hour.

We choose a dryer, a stationary drum-type grain dryer, which is shown in
Figure 1.1, where 1 is a raw grain scraper conveyor; 2 - gravity pipe; 3 - drum; 4 -
fan; 5 - the diverting chamber; 6 - scraper conveyor for dry grain; 7 - screw; 8 - cold
air fan; 9 - cooling column; 10 - sluice gate. SZSB-8. Raw seed from the receiving
hopper, which is lifted by a scraper conveyor, enters a drum with a diameter of 1600
mm and a length of 8000 mm through a gravity pipe, which rests on four pairs of
rollers and makes 8 rpm. The seeds that arrived during the rotation are evenly
distributed among the sectors and shelves inside the drum.

The drying agent is sucked from the mixing chamber of the furnace, passes
through the drum, blowing the seeds that spill over the shelves, and is thrown out by
the fan (on the same axis as the electric motor). The seed from the drum enters the
diverting chamber, from which it is poured onto the scraper conveyor through the
sluice gate and fed to the auger, which serves to load the cooling column. Excess

seed from the auger is poured down the gravity pipe under the cooler.



Figure 1.1 - SZSB-8 drum grain dryer

The cooling column consists of two vertical cylinders with perforated walls.
The diameter of the inner cylinder of the column is 760 mm, the outer cylinder is
1260 mm, the height of the column is 2750 mm. The space between the cylinder
walls is filled with dried seeds. Atmospheric air enters through the holes in the wall
of the outer cylinder, blows the seed layer and enters the inner cylinder, from where
it is sucked by a fan (also on the same axis as the electric motor) and thrown out.
The seeds are released from the cooling column through the sluice gate.

The firebox of a liquid fuel dryer consists of two vertical cylinders, of which
the inner one serves as a combustion chamber. A needle-type nozzle is installed in
its lower part. The fuel is fed to the nozzle by a pump and sprayed with air, which is
forced by a high-pressure fan driven by an electric motor. A reflector is installed in
the upper part of the combustion chamber . Air for cooling the walls of the
combustion chamber enters from below into the annular space between the
cylinders. This air combines with the combustion gases as they leave the combustion
chamber. To reduce the temperature of the drying agent , outside air is supplied
through the windows.

To reduce heat loss to the environment and to avoid burns to service personnel,
the furnace is surrounded by a cylindrical casing. A mixer box is installed above the

furnace, on which a boring pipe is mounted. The box has a door to adjust the air
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intake. The valve for switching the agent in the dryer, as well as the valve of the

ignition pipe, are blocked so that when one of them is opened, the other closes.

1.2 Physical and mechanical properties of raw materials

An important physical and mechanical property of plant raw materials as a
drying object is flowability, which is characterized by the angle of a natural slope.
The moisture content of the seeds, the content of foreign impurities and its nature,
and even the surface on which the seeds move are of decisive importance for the
flowability of sunflower seeds. The angle of natural slope of dry sunflower seeds
ranges from 27 to 35 °C, wet - up to 42 °C, which is much higher than that of cereal
crops. These features of sunflower seeds cause certain difficulties during its flow
processing. Light seeds, having an increased coefficient of internal friction, in some
areas of the technological scheme move more slowly than grain of ear crops or corn.
Therefore, when working with sunflower seeds, the pipes of grain dryers should
have a larger diameter and be installed at a large angle of inclination.

The presence of an air layer between the kernel and fruit shell of the seed, as
well as a significant fat content, is the reason for the lower rate of germination of
sunflower seeds than for grain. Therefore, in order to avoid the removal of full-
fledged seeds from the boxes of the mine and the heating chamber of the dryer, the
speed of the drying agent should be lower than when drying grain crops.

The elongated shape of the sunflower seeds and the relatively rough surface
lead to a large pitting . So, the drilling capacity of sunflower varies no more than 60-
80%, and rice 50-65, wheat 35-45 and corn 35-55%. Therefore, sunflower seeds,
having a large porosity, offer less resistance when the drying agent passes through
the dryers and dry faster than the seeds of other crops.

Hygroscopicity is one of the most important properties of grain that determine
its storage and drying regimes. Sunflower seeds as capillary-porous colloidal bodies
are characterized by all forms of connection, which according to the classification

of Academician L.A. Rebinders are divided into chemical, physico-chemical and
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mechanical. In the process of drying seeds, their main physical and chemical

properties should be preserved, therefore, chemically bound moisture should not be
removed.

The humidity of sunflower seeds, at which chemically and adsorptively bound
moisture remains, is often called critical. This moisture does not participate in life
processes, cannot be used by most microorganisms to support their vital activity, and
therefore does not affect the stability of sunflower seeds during storage. Therefore,
it is necessary to dry the seeds to such a humidity level that they have mainly
adsorption bound water.

Equilibrium humidity of sunflower seeds, i.e. humidity, when the seeds do not
release and absorb moisture, depends on the temperature, the carrier humidity of the
atmospheric air, oiliness.

All other things being equal, the equilibrium moisture content of oil crops is 2
times lower than that of grain crops. This is due to the lower content of hydrophilic
colloids in the seeds of oil crops and the presence of a large amount of fat. With an
increase in the oil content in the seeds, the equilibrium humidity of sunflower
decreases, because with an increase in oil content, the content of hydrophilic
substances will decrease and the content of hydrophobic substances will increase

accordingly.

1.3 Seed drying technology

The specific properties of sunflower seeds as an object of drying, the
heterogeneity of the seed (the presence of the kernel, fruit and seed coats), the natural
heterogeneity of the seeds in terms of size, weight and moisture, low strength of the
fruit coat, moisture inertia , low thermal conductivity, and thermolability pose
special requirements to the method of drying and the design of drying devices.
During drying, the quality should not deteriorate and the yield of oil should not
decrease, the shell should not crack and the oil content should not increase. It is not
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allowed to increase the acid and iodine values of fat during the drying process, nor

to change the taste and nutritional benefits of sunflower oil.

One of the most rational methods of improving technological properties,
preserving quality and increasing the stability of sunflower seeds during storage is
thermal drying.

When drying sunflower seeds, not only the heating temperature of the seeds is
of great importance, but also the duration of its action. The values of coefficients of
thermal conductivity and thermal conductivity for a single seed are significantly
different from the same indicators for a dense layer. For rapid heating of seeds, such
a design of the drying apparatus is necessary, in which heating of each individual
seed would be provided separately. In this case, it is possible to significantly raise
the temperature of the drying agent while reducing the duration of heating to a few
seconds. Short-term drying of sunflower seeds at a higher temperature is better than
slow drying at a low temperature.

When drying sunflower seeds, a justified choice of temperature regimes is
necessary. Drying should take place with minimum heat and electricity
consumption, with the maximum speed of moisture removal with the best
technological properties of the dried material.

Drying is a complex of phenomena that occur simultaneously and affect each
other. This is the transfer of heat from the drying agent to the material being dried
through its surface, evaporation of moisture, movement of moisture inside the
material, transfer of moisture from the surface of the material to the drying zone.

The use of one or another drying method can contribute in one case to the
coincidence of the direction of movement of moisture both as a result of moisture
conductivity and thermal moisture conductivity, and in another case, the process of
moisture evaporation as a result of moisture conductivity inhibits the process of
moisture evaporation as a result of thermal moisture conductivity. In the first case,
the process of moisture evaporation will proceed much more intensively than in the
second. In order for these processes of moisture evaporation to coincide in the

direction, it is necessary that the temperature of the surface of the sunflower seed is
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lower than the temperature inside the kernel. Drying will be significantly slowed

down when the temperature of the seed surface is higher than the temperature inside
the core.

When drying sunflower seeds in mine direct-flow dryers, the phenomenon of
thermal moisture conduction prevents the movement of moisture from the inside to
the surface, and the intensity of the moisture flow is equal to the difference between
the intensity of the moisture flow as a result of moisture conduction and the intensity
of the moisture flow as a result of thermal moisture conduction. During recirculation
drying, moisture evaporates both under the influence of the process of moisture
conductivity and under the influence of thermal moisture conductivity.

The temperature of the material during drying is not equal to the temperature
of the drying agent . In the first period of drying, the temperature of the material is
equal to the temperature of the wetted thermometer, so it is possible to use high
temperatures of the drying agent . For example, at an air temperature of 200 ° C and
its moisture content of 0.008 kg / kg, the temperature of the wet thermometer, and
therefore the temperature of the material, is 47 © C. When the air temperature rises
to 350 ° C, with a given moisture content, the temperature of the wet thermometer
increases to 60 ° WITH.

When drying sunflower seeds in mine dryers, it is necessary to clean them
initially from garbage impurities, as they can lead to clogging of the dryer and its
ignition. Seeds with high humidity can be dried twice , and often three times, in such
a drying apparatus . At the same time, the flow of processing is disturbed, which
causes difficulties in working with the newly arriving seeds. As a result of uneven
movement through mine sections during their treatment with hot air, the seeds heat
up unevenly, the temperature difference can be up to 10 degrees. This is due to the
fact that near the walls of the mines the seeds move more slowly than in the center.
In addition, the insufficient throughput of the dryer can lead to overheating of some
of the seeds.

Recirculation dryers, unlike direct-flow dryers, allow you to dry seeds with

different moisture content in one cycle. The technology of drying seeds in
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recirculation dryers with heating chambers in the falling layer consists in alternating

short-term heating of seeds in an upward flow of hot air at a temperature of 250-350
° C, settling of heated seeds, their cooling and recirculation. With this method, at the
same time as the seeds are dried, they are cleaned of impurities.

When drying sunflower seeds in recirculation-type dryers, it is very important
to evenly distribute the seeds over the entire cross-section of the chamber, as well as
to prevent the accumulation of oil dust in the heating chamber and to eliminate the
ingress of sparks from the furnace into the heating chamber, since dryers of this type
are fire-hazardous.

The advantage of ventilated bunkers is their simplicity and long service life.
Soft drying modes prevent injury to sunflower seeds. However, this method of
drying is much longer than others in terms of time, and is characterized by uneven
drying of seeds. To avoid this, the fan must be periodically turned off, and the seeds
should be thoroughly mixed.

Most often, enterprises use drum dryers with different drying modes,
depending on the moisture content of raw seeds. The temperature of the drying agent
(heated air) should be as high as the humidity of the sunflower seeds. Drying of
seeds in drum-type dryers is carried out in a layer of spilled seeds, when it is blown
with hot air.

At the beginning of drying, the temperature of the drying agent , depending on
the moisture content of the seeds, is kept at only 250-350 °C, at the exit from the
dryer - 50-80 °C. On average, drying sunflower seeds in drum dryers takes 15-20
minutes.

Compared to other types of dryers, drum dryers have a number of advantages:
the possibility of full automation of the process; versatility; high quality of drying
due to intensive mixing of the material; the possibility of drying highly humid ,
clogged material; ease of installation (capital structures are not required to start the
work); reliability of work (the formation of stagnant zones is excluded); reasonable

price; low power consumption.
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Based on this, we choose a drum-type dryer, which is characterized by high-

quality and uniform drying of raw materials with optimal parameters of the drying

unit.

1.4 Selection of the mechanism’s electric drive and preliminary

calculation of the power of the electric motor

The raw material being dried is not located symmetrically with respect to the
vertical line passing through the center of the furnace section, so it causes a
constantly acting and directed in the direction opposite to the rotation of the drum,
the moment of force G v of the weight of the material (Figure 1.2). The shoulder of
this passes through the center of the section of the drum. Therefore, the power
required to lift the material will be calculated taking into account these features.

In order to determine the useful power, it is necessary to know the amount of
material in the drum, or its average cross-sectional area, the volume weight of the

material and its angle of natural inclination during movement.

Figure 1.2 — Schematic of the arrangement of raw materials in the drum
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As the material moves along the drum, its physical properties change

continuously in the heat exchangers, as well as in the threshold, if the drum body is
made up of parts of different diameters, there is an accumulation of material, the
determination of the average speed of movement and the cross-sectional area
theoretically is associated with great difficulties. The equations proposed for this
purpose, while differing in complexity, do not differ in the required accuracy
according to the results of the calculations made according to them. Therefore, in
deriving the equation below, which determines the power required for lifting the
material, we accept it based on practical data.

The total power required to rotate a drum with a body of the same diameter
along its entire length is determined. If the housing consists of zones of different
diameters, the required power is calculated for each zone separately and then
summed up.

For crankcase-type support roller bearings with bronze liners and continuous
oil supply to the trunnions, it is recommended to choose a friction coefficient equal
to 0.02-0.04. Taking into account the friction of the tires rolling on the rollers, the
given values must be increased to 0.03 - 0.06.

Power consumption to overcome friction in the drive mechanism and sealing
devices is taken into account in the efficiency of the installation. Its value depends
on the design of the drive mechanism, the correctness of its installation and
operation, and is on average equal to 0.9 - for a closed type mechanism, 0.85 - for a
mixed type and 0.8 - for an open type.

When determining the required power for drum rotation, the normal number
of revolutions is substituted into the calculation equation. But during operation, the
drum often rotates with an increased number of revolutions, which requires
increased power. At the moment of starting the drum, a higher than normal power is
also required to overcome the inertial force of the rotating drum. Taking this into
account, the power of the electric motor of the drum should be chosen 20-25% higher
than that determined by the equation.

Using formulas, we calculate the power of the electric motor.
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The power required to start the electric motor is taken into account without the

weight of the seed.

Taking into account the inertial power of the drum, which should be 20-25%
higher than the working power, we will finally get the power of the engine.

We choose a three-phase asynchronous motor of the AIR 160S6 series, power
- 11 kW, synchronous rotation speed - 1000 rpm, slip - 3%. Taking into account the
slip, the nominal rotation frequency n ,om = 970 rpm. By changing the number of
pairs of poles and using a gearbox, we change the frequency of rotation of the motor.

The modernization consists in the application of a modern frequency -
regulated electric drive (CFR) of the drying unit (1) consisting of an asynchronous
or synchronous electric motor (M) and a frequency converter (FR) (Figure 1.3).

The electric motor transforms electrical energy into mechanical energy and
provides movement to the executive body of the technological mechanism.

The frequency converter controls the electric motor and is an electronic static
device. An electric voltage with variable amplitude and frequency is formed at the

output of the converter.
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Figure 1.3 - Structural diagram of the proposed frequency -regulated drive

The name " frequency -controlled electric drive" is due to the fact that the
regulation of the motor rotation speed is carried out by changing the frequency of
the power supply voltage supplied to the motor from the frequency converter.

During the last 10-15 years, the world has seen a wide and successful
introduction of a frequency -regulated electric drive to solve various technological

tasks in many sectors of the economy. This is primarily the development and creation
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of frequency converters based on a fundamentally new element base, mainly bipolar

transistors with an isolated IGBT gate.

Areas of application are metallurgy (for example, the drive of roller
conveyors), textile industry, machine tool construction (for example, electric
spindles and metal cutting machines), centrifuges, polishing machines, electric drive
of fans and pumps, and others.

Foreign companies, in particular Siemens , Fanyk , ABB, etc. widely used
frequency control for fans, pumps in horizontal and vertical operations, conveyors.
American and English firms widely use frequency control drives in the oil and gas
industries . Drives with both centralized and individual converters are used.

In further considerations, we will talk about the three-phase frequency -
regulated electric drive, since it has the largest industrial application.

In a synchronous electric motor, the frequency of rotation of the rotor n ,in
the mode is equal to the frequency of rotation of the magnetic field of the stator n ;.

In an asynchronous electric motor, the rotation frequency of the rotor n ,in the
established mode differs from the rotation frequency n 1 by the amount of slip s .

The frequency of rotation of the magnetic field nl1 depends on the voltage
frequency feeding. When powering the stator winding of an electric motor with a
three-phase voltage with frequency is created rotating magnetic field.

The speed of rotation of this field is determined by the well-known formula
2nf

p

)

(1.1)

where p is the number of stator pole pairs.
Transition from field rotation speed

60
h = Zml‘ (1:2)

where 60 is the dimension conversion factor. Substituting the field rotation

speed into equation (1.2), we get

n =—. (1.3)
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Thus, the frequency of rotation of the rotor of synchronous and asynchronous

motors depends on the frequency of the supply voltage.

The method of frequency regulation is based on this dependence, by changing
the frequency f at the motor input with the help of a converter, we regulate the
frequency of rotation of the rotor.

In the most common frequency -controlled drive based on asynchronous

motors with a short-circuited rotor, scalar and vector frequency control are used.

1.5 Analysis by section and formulation of the design task

When rotating a properly assembled and normally working drum, the power
of its drive electric motor is spent to a greater extent on useful work: raising the
material to a certain height, sliding from which it is mixed and gradually moved to
the unloading end, and to a lesser extent - on overcoming harmful resistances.
Harmful resistances include sliding friction between the surfaces of the trunnions of
support rollers and bearing liners, friction of tires rolling on support rollers, friction
in the drive mechanism and friction of the ends of the drum body on the surface of
parts of sealing devices.

| consider it expedient to design a drum dryer with different drying modes
depending on the moisture content of raw seeds. The temperature of the drying agent
(heated air) should be as high as the humidity of the sunflower seeds. Drying of
seeds in drum-type dryers is carried out in a layer of spilled seeds, when it is blown
with hot air. At the beginning of drying, the temperature of the drying agent ,
depending on the moisture content of the seeds, is kept at only 250-350 °C, at the
exit from the dryer - 50-80 °C. On average, drying sunflower seeds in drum dryers
takes 15-20 minutes.

Compared to other types of dryers, drum dryers have a number of advantages:
the possibility of full automation of the process; versatility; high quality of drying
due to intensive mixing of the material; the possibility of drying highly humid ,

clogged material; ease of installation ( no capital facilities are required to start the
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work); reliability of work (the formation of stagnant zones is excluded); reasonable

price; low power consumption.

In this regard, the following tasks must be solved in this work:

- choose the type of electric mechanism and calculate the power of the
electric motor, as well as calculate the gearbox of the drying unit:

- Calculate the static mode of the electric drive;

- Calculate the dynamic mode of the electric drive;

- Choose a frequency converter and control equipment;

- Make structural and functional diagrams of a frequency -regulated
electric drive;

- Investigate the control system of the electric drive of the drying unit in
Matlab .
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