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BCTYI1
OCHOBHOIO TEMOIO JaHOI POOOTH € MOJIepHI3allisl MPUBOAY >KUBHUIHHOTO

KOHBEEpa MOJOTKOBOi  apoOapku. Ilimbip HEoOXITHOTO  eJIeKTPOJBHUTYHA,

NepeTBOpIOBaYa YacCTOTU Ta CUCTEMHU YIPaBIiHHSA. 3a JOMOMOIOI0 PETYIIOBAHHS

mojadi Marepiady JKHBHJIBHHKOM TIEpea0avyacTbcsl ONTUMAIBLHO 3IiHCHIOBATH

3aBaHTaXEHHS JIpoOapKu, M0 JO3BOJIUTh EKOHOMUTHU E€JIEKTPOEHEPTiI0 1 3MEHIIUTH
3HOC MEXaHIYHUX YaCTHUH.

KonBeep — wMammua Oe3mepepBHOrO TPAHCIOPTY, TMpU3HAYEHA IS
NEpPEeMIIICHHS] CHUINKHUX, IIMAaTKOBUX ab0 IITYYHUX BaHTaXiB, a TaKOX JUJIs
MepeMIIlIeHHS] BUPOOY, 1110 00pOOISETHCA, Bl OJTHOTO pOOOYOro /10 1HIIOro abo it
TPaHCIOPTYBaHHS LIbOI'O BUPOOY.

[cHYIOTBH pi3H1 BUJIU KOHBEEPIB:

— CTpluKkOBUM KOHBEEP € KOHCTPYKIIEIO, IO CKJIANAEThCS 3 OMOPHHUX CTIHOK,
MPUBOJHOTO 1 HATSHKHOTO OapabaHiB, MPUBOAHOTO OOJAAHAHHS, MPOMIKHHX
OTIOPHUX POJIMKIB 1 KUIBIIEBOI CTPIUKH, MO SIKiK O€3MmocepeIHbO MePEeMIaAlOThCs
BaHTaX1. 3aJIEKHO B1Jl IPU3HAUCHHS KOHBEEPA CTPIYKA MOKE OyTH BUTOTOBJIEHA
3 Ope3eHTy, TOHKOTO CTaJeBOro JIncTa a00 MPOryMoBaHoi napycuuu. CTpiuKoBi
KOHBEEPU MOXYTh YCHIIIHO BHKOPHUCTOBYBATHCS [JIsl TPAHCIOPTYBaHHS SIK
CUIIKMX MaTepiaiiB, TaK 1 BaHTaXiB, yIaKOBAaHUX B Tapy. Y MEPIIOMY BUMAAKY
3aCTOCOBYEThCSI OOJaJHAHHS 31 CTPIUYKOIO >K0J000moaiOoHOT dopmu, sKa
CTBOPIOETHCS 32 JIOMIOMOTOI0 OMNOPHUX POJIMKIB, Yy APYroMy - KOHBEEpH 31
3BHYAHHOIO IIOCKOIO CTPIYKOIO.

— ID'paBitauiitnuii poaukoBuii kouBeep. KoHBeep 1aHOro TUIY MepeMillye BaHTaxX1
3 BHUKOPUCTAHHSM CHJIM TSDKKOCTI 1 3aCTOCOBYETHCS TOJOBHUM YHHOM IS
TpaHCTIOPTYBaHHs TOBapiB B Tapi. KOHCTpyKiisi oO0JagHAaHHA € TOXUIUM
KapKacoMm, Ha SKOMY 3aKpilUICHUH pSA pONHKIB. YTMAaKOBKH 3 BaHTaKaMU
MEePECYBAIOTHCA IO POJUKOBUM HANPABISIIOYMM KOHBEEpa TiJ €0 CUIU
TSDKIHHSL.

— Kosmosuii kouBeep. OOMaAHAHHS TaHOTO TUITY 3HAXOIUTH 3aCTOCYBaHHS TaM, JIe

ICHy€ HEOOX1JHICTh TPAaHCIOPTYBAHHS BEJIMKOI KUTBKOCTI CHIIKUX MaTepialiB -
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BYT1JUIS, IEMEHTY, MICKY, IJIaKy, eOeHo Ta IHIuX. OcoOIMBICTIO KOHCTPYKIIT

KOBIIIOBOTO KOHBEEPA € METATIUHI KOBIII (4aBYHHI a00 CTaJIeBi), 3aKpIIICH] MiX
JIBOMA psAJIaMU KUIbLIEBOTO POJIUKOBOTIO JiaHitora. Kol € € AMHOO JIiHI€I0, 1110
3a0e3MevuyeThCsl 3aBIASKA TEpeKpuTTio. KokeH OKpeMuid KiBII TOCTIHHO
3HAaXOJUTHCS Y BEPTUKATBHOMY MOJIO0XKEHHI, OCKITBKA MOKE BUTBHO XUTATHCS Ha
oci miaBicy. KoHCTpyKIlisi KOBIIOBHUX KOHBEEPIB JIO3BOJIIE TPAHCIOPTYBATH
BaHTaX1 OJJHOYACHO 1 O BEPTHKAIi, 1 IO TOPU3OHTAJII.

— Kouseep 3 nepeBantaxxeHHsaM. KoHBeepu Takoro pisHOBHAY MOEIHYIOTH Yy cOO1
pUcH CKpeOKOBOrO 1 KOBIIOBOTO KOHBEepiB. Tak caMoO, SK 1 B KOBIIOBHUX
ejeBaTopax, B HUX € TOABIMHMMA psJ HECKIHUCHHHUX JIAHITIOTIB, MK SIKUMU
KPIIISATHCA KOBI V-00pa3Horo npoduito. Y miAHOMHIN CeKIlii KOBII PyXatOThCs
IIMPOKOI0 YaCTUHOIO JOTOPH, a B KIHIIl BEPTUKAIHLHOTO MPOTOHY, 1€ JAHIIOTH
WOyTh 1O 3IpoYKkax, HaXWUJSAIOThCS. BMICT KOBIIIB BUCHUIAETHCS B
TOPU30OHTAJIBHUM 3K0JI00, € TEepeMILIaeTbcs, K Yy CKPEOKOBOMY KOHBEEPI.
BaHtaxx MoOXe TpaHCIOPTYBaTHCS  OJHOYACHO Yy  BEpPTUKaIbHIA  Ta
TOPU3OHTAIBHIN TUIOIIUHAX.

KoHBeep BIAHOCHUTBCS [0 MeEXaHI3My Oe3nepepBHOI ii 3 MOCTIHHOIO
PO3MOICHOI0 BaHTaXKeM. PexXuM poOOTH €NEeKTPOJBUTYHA B TAKOMY MEXaHI3MI -
TpuBanuii. [lpu po3paxyHKy HOTO MOTYKHOCTI, SK MPaBUJIO, HE BPaXOBYIOThH
HABAHTAKEHHS [IPU MYCKY 1 FaJIbMyBaHHI.

Meroto poboTu € BHOIB BUIy KOHBEepa IS JaHUX YMOB €KCIUTyaTallii, a
TaKO»K BUOpaTH €JIEKTPOABUTYH, IEPETBOPIOBAY YACTOTH 1 CUCTEMY YNPABIIIHHSL.

Bumorn 10 enexTponpuBo Iy KOHBEEPIB:

1. PerymnroBaHHS MIBUAKOCTI HE MOTPIOHO 200 MOTPiOHO B HE3HAYHOMY JT1aIla30Hi.

2. HeoOxigHuii BUCOKUN MyCKOBHI MOMEHT 3-3a BEJIMKOI PI3HUIII 32 BEJIMUMHOIO
MOMEHTY TEPTS CIIOKOIO 1 MOMEHTY TEPTS PyXy.

3. IloTpiOHO 3a0e3meunTH TUTABHICTH TEPEXiTHUX TMPOIECIB — OOMEKUTH
MPUCKOPEHHS 1 pUBKA 3 METOI YCYHEHHS MOXJIMBOTO PO3TOMIyBaHHS abo
MpoOyKCOBYBAaHHS MEXaHI3My, a TaK0X MOTPIOHO 3HIKEHHS JTUHAMIYHHUX

3YCUJIb TIPY HASIBHOCTI MPYXHUX 3B's13KkiB. HeoOX1/1HO, 11100 MpH MyCcKy MPHUBIA
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KUBWJIBHUKA JIpOOApKM MaB XapaKTEpPUCTHKY 3 IUIABHUM 301JIBIICHHSAM
MyCKOBOT'O MOMEHTY JI0 MOYaTKy TOpPKaHHS KOHBEEPHOI CTPIYKU 1 0OMEKEHOIO
BEJIMYMHOIO MOMEHTY B MEPioJl pO3roHY A0 HOMiHAJIBHOI IIBUAKOCTI.

4. TlpuBoau BEIMKUX KOHBEEPIB 3 BUCOKOIO MIBUAKICTIO PyXy CTPIYKU MOBUHHI
MaTH MOXJIMBICTh POOOTH Ha HU3BKUX MIBUAKOCTAX 1 M/C i MPOBEIEHHS
poh1ITaKTUIHOTO OTJISITY.

BiamoBimHO 10 BUMOT A0 IJIABHOCTI MYCKY Ta PETyJIOBaHHS IIBUIKOCTI B

MeXaHI3Max 3 PO30CCPCIKCHUM HABAHTAKCHHAM 3aCTOCOBYIOTBLCA:!

-€JIEKTPOTIIPUBOIN 3 KOPOTKO3aMKHEHUMHU aCHHXPOHHUMH JIBUTYHAMH 3
TIIBUIIIEHAM ITyCKOBUM MOMEHTOM;
— -aCHHXPOHHI €JIEKTPOJBUTYHU 3 (Pa3HUM POTOPOM [JIsi KOHBEEPHUX
JIHIA BEJIUKOI MPOTSKHOCTI JIs 3a0€3MeUeHHS IIAaBHOTO ITYCKY.

VYrpaBiaiHHS KUBUJIBHOTO KOHBEEpa 3A1MCHIOETHCA 3a JIONOMOIOK IYJIbTa
orepaTopa Ha SIKOMY €:

- kHotKa «Ilyck», 3 miCBIYyBaHHSM 3€JICHOTO KOJIBOPY

- kHOTKa «CTOI», 3 MACBIYyBaHHSAM YEPBOHOTO KOJIHOPY

- KHOIIKa «ABapiifHa 3yITHHKa»

- 2 CBITJIOZIO/IHI 1HIUKATOPHU PEKUMY POOOTH

Heo0xinHo peanizyBaTH ypaBIiHHS €JIEKTPOIIPUBOIOM, a came 3a0e3MeUnuTu
00poOKy BXIJIHMX 1 BUXIJTHUX CUTHAJIIB 3 KHOIOK, CUTHAJ 3 aHAJIOTOBOTO JaT4yhKa
piBHs, BuOIp mBHAKOCTI. Tak camMo HEOOXIAHO 3IINCHIOBATH 3aIlyCK/3yMUHKY

JIBUTYHA 3 KHOMIOK yIPABIIIHHS.



1 3ATAJIBHI BIJOMOCTI
1.1 Onuc TEXHOJIOTIYHOIO NpoIecy

Jlinis oTpuMaHHs KyOOBHJIHOTO IEOHIO € CHUCTEMOIO, IO CKIAJAEThCA 3
BIJIKPUTHX TPOOMITBHO-COPTYBATLHUX YCTaHOBOK Ha MalJaHINKax
mie0eHeApoOUIbHIUX 1 ac(haTbTOOETOHHUX 3aBOJaX. 3aCTOCOBYETHCA AJII OTPUMAHHS
mie6Hto | rpynu (ky6omomioHOro) — 1e mebiHb, BMICT JIIIAJIHUX 3epeH (TOBIIUHA
a0o0 mUpHHA STKUX MEHIIE JOBXHUHU B TPH 1 OUIbIIE pa3iB) y sikomy He Outbmie 10-
15%. JlemanHiCTh — OJJHA 3 HAMBAXIUBIIIUX XapaKTEPUCTHUK SKOCTI IeOHt0. [1]e01Hb
KyOOBUJIHOI (popMH Mae OUIBIIY MIIHICTh, a TaKOX Jla€ HAaWOUIbII MIUIbHY
yTpaMOOBKYy, IO TATHE 3a CO0OK MiHIMaNbHI BUTpaTH Marepiamy. Orxe,
BUKOPUCTAaHHA KyOOmoaiOHoro 1meOHI0O Yy BHUPOOHUIITBI EKOHOMIYHINIE Ta
nouinbHime. Ha puc. 1.1 300paxeH0 TEXHOJOTIYHY CXEMYy JIiHII BHPOOHHIITBA

KyOOI01iI0HOTO 1IE0HIO.

Pucynox 1.1 — Texnonoriuna cxema JIiHii BUpOOHHUIITBA KyOOT0110HOTO TIEOHIO
1 — ¢ppoHTanbHUI HaBaHTaXyBay, 2 — JAHIIOTOBUM KUBUIBHUK, 3, 10 — rypkoTH,
4,5,7,9, 11,12, 13 — koHBeepu CTPIUKOBi, 6 — ApobapKa MoKoBa, 8 — Apodapka

KOHYCHa
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Buxigna nopoaa (puc. 1.1) 3a monoMmororw (GpoHTaIbHOIO HaBaHTaXyBada |

3aBaHTAXYETHCA B OyHKEp JIAHIFOTOBOTO JKMBWJIBHUKA 2 JUI PIBHOMIPHOI TOadi.
[Ticnst mporo motparuise Ha TYPKIT 3, y SIKOMY BiAOYBA€ThCS PO3MOALT CHPOBUHH.
CupoBuHa ManeHbkoi ¢pakuii norparisie Ha crpiukoBuil koHBeep (JIK) 51 ime y
BizciB. CupoBHHA, M0 3anumuiacs, pyxaerses 1o JIK 4 1 mamae B mokoBy apobapky
6 st mepioi crazii Apoodnenns. [lorim mopoaa pyxaerscs JIK 7 1 magae B KOHyCHY
npobapky 8 nnst apyroi craaii ApoOJieHHs Ha ApiOHImY (pakiiio. 3 KOHYCHOI
npobapku nopojia 8 magae Ha JIK 9 1 motim Ha rypkiT 10 s copryBanss. ['oroBuit
MPOAYKT BCTaHOBJIeHOI (pakiii motparsie Ha JIK 13, moponma apioHOT dpakiii
notparsie Ha JIK 11 1¥ige y BiaciB, a Outemoi gpakiii JIK 12 Bignpasiserbes Ha3an
Ha J0NOAPiOHEHHS B KOHYCHY Ap0o0apKy &, 110 JO03BOJISIE ICTOTHO 3HU3UTH KUTBKICTh
JIATHUX 3epeH MeOHI0 B TOTOBIM MPOIYKIIIi.

VY TeXHOJOTIYHOMY MPOIeCi BUPOOHHUIITBA KyOOITO1I0HOTO MEOHIO IPOOIBHI
YCTaHOBKHU 6, 8 BUKOHYIOTh OCHOBHI TE€XHOJIOT14YHI orepanii. Po3rissHeMo neranbHo

MPUHITUI i1 Ta KOHCTPYKIIIIO IIUX YCTAaHOBOK.

1.2 KoHcTpyKuisd i NpUHUMI po00TH HIOKOBOI AP00apKH

[IoxoBa npobapka € yHIBEpCATIbHOIO MAIIMHOIO /ISl BEJIMKOTO, CEPETHHOTO Ta
npiOHOTO ApoOJieHHA. 3aCTOCOBYETHhCS Ha HEPYAHUX Marepianax Oyab-sSKUX
MIIIHOCTEH Ta TMPaKTHYHO BCIX PI3HOBUAIB. 3aCTOCYBaHHS HEMOXXIMBE Ha
B'SI3KOIPYKHUX MaTepiajiax, TAKUX SIK JePEBUHA, TOJIMEPH, IIEBH1 METaJIeBl CIUIaBH.

VY npomucnoBocTi OyJIBEbHUX MaTepialliB HIOKOBI APOOApKH HalyacTilie
3aCTOCOBYIOTHCS JIJISI BEJIMKOTO Ta CEPEHbOr0 JIPOOJICHHS IIIMATKOBUX MaTepiaib.
BoHu BiIpI3HSAIOTBCA MPOCTOTOIO, HAMIMHICTIO KOHCTPYKIII Ta HECKIaJHI B
00CITyroByBaHHI.

3a BIAIITYBaHHS HIOKOBI APOOApKH OUIATHCS HA JBI TPYIU: 3 MPOCTUM

(IIAIT) 1 cknagaum xutanHsM moku (IIIC) (MoxnuBuil pyx siK OAHIET IOKH,


http://pererabotaem.org/wiki/index.php?title=%D0%94%D1%80%D0%BE%D0%B1%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5_(%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)&action=edit&redlink=1
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Tak 1 ABoX 1Iik). Koncrpykuis IIJIT no3Bosisie cTBOproBaTH BIIHOCHO OLIBIII

HaBaHTa)KEHHS Ha MaTtepia, uo noapioHroerses, Hixk y H/C.
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Pucynok 1.2 — KoHCcTpyK1is IOKOBOI APOOAPKHU 3 TPOCTUM PYXOM IIOKH
1 — OiyH1 CTIHKM CTaHWHH, 2 — 3MIHHI IUTUTH, 3 — pyXxoMa Ioka, 4 — BiCh
PYXOMOI IIIOKH, 5 — eKCIICHTPUYHA YacTUHA Baily, 6 — aTyH, 7 — IPYy>KUHA,

8 —msra, 9 - ynop, 10, 11 - po3nipai muth, 12, 13 - muTH, 110 APOOIATH

Ha puc. 1.2 300paxeHo THUMOBY KOHCTPYKIIIO IpOOapKu MJisi BEIMKOTO
IpoOJIeHHS 3 MPOCTUM PYXOM IOKU. PyxnuBa moka 3, Bich 4 SIKOi BCTAaHOBJICHA
B MIIIIMITHUKAX KOB3aHHS, 3aKPIIJIEHUX HA O1YHUX CTIHKaX CTAaHUHHU 1, OTpUMYe€
KOJIMBaJIbHI pyXH uepe3 po3nipHi T 10 1 11 Big maTtyHa 6, miaBieHOro Ha
eKCIICHTPUYHIA dYacTHUHI Baja S5, IO TPUBOIUTHCS B OOEpTaHHS BIJ
€JICKTPOJIBUTYHA uepe3 KIuHomacoBy. PoOoui moBepxHi IiK OOJIMIILOBYIOTH
3MIHHUMU TUTMTaMH, 1m0 1poOssate 12 1 13. biuHl CTiHKM KaMepu ApOOJICHHS

TaKO0>K OOJUIILOBAH] 3MIHHUMH IJIMTAMU 2.
VY mporreci ekcrtyaraiii BAHUKae MoTpeda peryinoBaTi MUPUHY BUX1THOI
IIUTHHY KaMepH IpoOJieHHs. Y BEIMKUX ApoOapKax il IIbOTO BCTAHOBIIIOIOTH

PI3HI 1O TOBIIMHI NPOKIAIKUA MK YIIOPOM 9 Ta 3aJTHbOIO CTIHKOIO CTAHUHH.



12
["apanToBaHe 3aMHKaHHS JIAHOK MEXaHI3MY IPUBOJY PYyXOMOi IIOKH B

npobapkax 3 po3MiPHUMU TUIUTaAMH, IO JAMAIOThCs, 3A1MCHIOETHCS TPYKUHOIO 7

1 Tsaroro 8 [1].

Jrt e J R

Pucynok 1.3 — KinemaTuyHa cxeMa IIOKOBOi APOOapKU 3 MPOCTUM PYyXOM
HIOKHU
1 — Hepyxoma 1moka, 2 — qpoOHa 1mTa, 3 — O14Ha CTiHKA, 4 — BIiCh ITIJIBICKH
PyXOMOi IIOKH, 5 — pyxoma 11oka, 6 — IIKiB, 7 — MaXOBUK, 8 — EKCIIECHTPUKOBHIA
Baj, 9 — mpoBigHUI mKiB, 10 — enekTpoABUTYH, 11 — peryntoBaabHUN TPUCTPI,
12, 13 — mpy»KuHa Ta Tsra 3aMUKAr04oro MpucTporo, 14, 16 — po3mipHi Ty,

15 — matyH, 17 — onopu KOYEHHS.

[TpuBin npodapxu (puc. 1.3) ckiagaeTbes 3 €ISKTPOABUTYHA 1 KIIMHOIIACOBO1
nepenadi. PoGora npobGapku BigOyBaeThCs y HACTYyNHIM TOCHiAOBHOCTI. Bif
CJICKTPOJABUTYHA Yepe3 KIMHOIACOBY Mepeaady oOepTaHHS MepedacThCs IIKIBY
MaxOBHUKY, 3aKpITUICHOMY Ha €KCLICHTPUKOBOMY BaJy.

Benmuka wmaca dYacTWH, IO pPYXalOTbCs, YCKIATHIOE 3alycK JpoOapkw,
CTBOPIOIOYN YK€ BEIMKHI MyCKOBUH MOMEHT. Tomy Benuki ApoOapku MaroTh

CTYNIHYACTUN MYCK, SKUM 3A1MCHIOETHCS TOCIIOBHUM BBEICHHSIM B pOOOTY IIKiBa-
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MaxOBHKa, Jaji yepe3 GpUKIiiiHy My(Ty eKCIIECHTPUKOBOTO BajIy 3 IATYHOM, a MOTIM
yepes Apyry GpukLiiHy MypTy Ipyroro MaxoBHKa.

[Ipu oOepTaHHI EKCHEHTPUKOBOTO Bally INAaTyH 3IHCHIOE 3BOPOTHO-
MOCTYIATLHUN PYX y BEPTHKAIBHIHN TuiontuHi. [1ig 9ac pyXy maTtyHa Bropy paszom i3
HUM PYXarOThCS 1 KiHI po3mipHUX miuT. OCTaHHI, pO3NPIMIISIOUUCH (32 paXyHOK
30UTBIIICHHS KyTa MK TJIUTaMH), TTOYMHAIOTh HATUCKATH HA 3aJIHIO CTIHKY CTAHWHH
Ta PyXJUBY IIOKY, IEPEMIIIyI0OUd OCTaHHIO y OIK HepyxoMoi Imoku. Marepiai,
3aBaHTXEHUH B KaMmepy IpoOJIeHHs, MiITaeThes po3aaBmtoBaHHO. [lig gac pyxy
IaTyHa BHU3 B1IOYBA€ETHCS XOJIOCTUH X1/1. EHEprist X0JI0CTOro X0y €1eKTPOIBUTyHA
aKyMYJIIOEThCSI MAXOBHUKAaMU Ta BUKOPHUCTOBYETHCS ITiJT yac podoudoro xonay. [lloka
M1 9ac XOJIOCTOT'0 XOAY BIIXOJWTh Ha3aJl MiJ 1€ CKIAI0BOI CHIIM TSHXKKOCTI 1i Ta

NPYKHUH 3aMHUKaI090ro npuctporo [1].

1.3 KoncTpykuisi i npUHUMI poOOTH KOHYCHOI Ipo0apKu

KonycHi apo0apku BHUKOPUCTOBYIOTH y BCIX CTafliX ApOOJICHHS NpH
nepepoOIll Hallpi3HOMAaHITHIIIMX MaTepiaiiB K MO KPYMHOCTI APOOHOrO Martepiaiy,
TaK 1 pI3HOMaHITHOCTI (P13MKO-MEXaHIYHUX BJIACTUBOCTEU. J[poOmtounMu opraHaMu
€ HEPYXOMHM yCIUeHUI KOHYC 1 pO3TAIlIOBAHUI BCEPEINHI HHOTO PYXOMUM KOHYC, IO
JTPOOUTH, BICh SIKOTO BIAXMUJIEHA HA KYT Y BiJl OC1 HEPYXOMOT'0 KOHYyCa, IKHI 3/11HCHIOE
BIJIHOCHO OC1 HEpYXOMOTO KOHyca obepTanbHui pyx. O0'eM MK IIUMU TTOBEPXHIMHU
yTBOPIOE KaMmepy apobisieHHs. [Ipu mogadi B kamepy MaTepiairy KOHYC, IO IPOOUTH,
oOKaTye IIMaTKA Marepiaiay, 3MIMCHIOIOYM iX pPO3/IaBIIIOBAHHS 1 3JIaM, OCKUIBKH
po0oUi MOBEPXHI MAIOTh KPUBU3HY.

3a TeXHOJIOTTYHUM MPU3HAYEHHAM iX IUIATh Ha IpoOapku: kpymnHoro (KKJI),
cepeaanroro (KCJI) Ta minkoro (KM/I) npoGiaeHHs.

OcHoBHuM mnapameTpoM npodapok TumiB KCJ 1 KMJ[ € miameTp HUXHBOI

OCHOBH PyXOMOT'0 KOHYCa.
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3a KOHCTPYKTHBHOIO O3HaKOK — CIIOCOOOM CHUpPaHHS Baly KOHYyca, IO
JIpOOUTH — PO3PI3HAIOTH APOOAPKU 3 MIABIIMICHUM BaJIOM, OTIOPHMM TOBKAaueM 1 3
KOHCOJIbHUM BajIoM. OCTaHHIO KOHCTPYKIIi}0 BUKOPUCTOBYIOTh y MamnHax KCJ Ta
KM/I.

Hpobapka (puc. 1.4) cknagaeTbcs 3 CTaHUHU 4 3 OMOPHUM KIJIblleM 6 1
3aroOKHUMU MPYKUHAMH 5, €KCIICHTPHUKA |, BCTAHOBIECHOTO B IEHTPATBHIN CKIISHII
CTaHMHU HA YOTHUPUIUCKOBOMY MIAIM'ATHUKY 2.

Yepes koHIUHI 3y0UacTi Kojieca €KCLEHTPUK MOB'A3aHUM 3 IPUBOJIHUM BaJIOM
16, po3TaiioBaHUM B TOPU3OHTAILHOMY NMATPYyOKy CTaHUHU 4. 3 KOHIYHUM OTBOPOM
eKCLUEHTpUKa | MoB'A3aHMI KOHIYHUN XBOCTOBUK Baiy 13 npiOHOro KoHyca, 110

CIIUPAETHCS HAa CHEPUUHMIA MM ATHUK ormopHoi vami 3 [2].
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Pucynok 1.4 — Koncrpykuiss KM/ 13 KOHCOJIBHUM BajoM

PoGoua kamepa ApoOapku  yTBOPIOETHCS  30BHINIHBOIO  MOBEPXHEIO
noApiOHIOBAILHOTO KOHYca, ¢GyTepoBaHOTO OpoHE 15 3 BHCOKOMapraHIEBHUCTOI
CTaJll, 1 BHYTPIIIHBOKO MOBEPXHEIO0 HEPYXOMOi OpoHi 14 peryioryoro Kuiblsd, 10
CIIOJIyYA€ThCS 3aB35TUM PI3bOJICHHSAM 3 OMOPHUM KUIBIIEM BaHTAXy BaHTaXY KUJIbLIS
KoJOHKaMu 12 3 xnumHamu. KiMHM cniMparoTbesi Ha KOXKYX 7, BCTaHOBJICHUH Ha
OMOpHOMY Kumbli 6. VY BepxHId dYacTHHI JpoOapKu € TepMETUYHUI

3aBaHTAXYBAJIbHUN MPUCTPIi 9, BCTAaHOBJICHUN HA YOTHPHOX CTiiikax 11 1 ctanuHi 4.
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Buxigauii maTepiaq HaAXOAWUTh Yy MpuiiManbHy KopoOKy 10 3aBaHTaxyBajbHOTO

MPUCTPOIO 1 Yepe3 NaTpyOOK 3CUIMAETHCA Ha PO3MOAUIbHY TUIUTY KOHYC.

Pucynok 1.5 — KinematnyHa cxema KOHYCHOI IpoOapKH 3 KOHCOJIbHUM BaJlOM
1 — neHTp KOueHHSs, 2 — pyXOMUH KOHYC, 3 — BaJl KOHYyca, 4 — eKCLIEHTPUKOBA

BTYJIKA, 5 — COEPUYHMI M1 ATHUK

Pyxomuii konyc (puc. 1.5) momnoroi ¢popmu 2 KOpCTKO KPIIUTHCSA HA Bady 3,
HIDKHIM KiHElb SIKOTO BCTABJICHWH B €KCIIEHTPUKOBY BTYJKY 4 Tak, IO BICh BTy
YTBOPIOE 3 BicCl0 oOepTaHHS (BICCIO APOOApKH) HESKUM KyT, 3BaHHM KyTOM
nperecii. PyxnuBuii KoHyc Opo0apoK CIHUpAEThCA HAa CPEpPUUHUNA TIIN'SATHUK 5.
Ban koHyca HemMae BEpXHBOTO KpiIJIeHHsS. EKCIIEHTpHKOBa BTYyJIKa OTPUMYE
o0epTaHHs BiJ NPUBOAHOIO MPUCTPOIO, MIPU LILOMY PYXOMHM KOHYC OTPUMYE PyX
kauanHd. LlenTp xoueHHs ) 3HAXOUTHCS HAropl B TOYII MEPETUHY OC1 BaIy Ta OCi
apobapku [2].

3aBIAKU KOYEHHIO PO3MOLIBYOT INIUTH 3a0€3MeUy€EThCSI PIBHOMIPHE O KOJTY
3aBaHTaXXEHHS poOouvoro mpoctopy. B pesynabTaTi npu 30JMKEHHI KOHYCIB
Matepian IpoOUThCS, a IPH iX PO301KHOCTI BUBAHTAXKYETHCA.

XapakrepHoto pucoro apodapok KCJI 1 KMJ[ € y xamepi apoOieHHsS
napajiebHO1 30HH, TOOTO. NUISHKH, Ha SKIM 3a30p MK yTBOPIOIOYMMH KOHYCIB
noctiiHuid. Tum camum 3a0e3medyeTbcsi OTPUMAHHS OJHOPIAHOIO TPOAYKTY,

0JIM3BKOTO 3a po3Mipamu 3a30py [1].
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1.4 KoHcTpyKUisi i NPUHIMII POOOTH MOJOTKOBHX AP00apoOK

B MomoTtkoBux npobapkax wmarepiasi IpOOUTHCS B OCHOBHOMY YAapoM
MOJIOTKIB, SIKI MiJBIIICHI JO PpOTOpa, IO O0EpTaEThCs y poOOYOMYy MPOCTOPi
npobapku, obOmexeHoMy (yTepoOBaHMM OpPOHBOBUMHU IUIMTAMH  KOPITYCOM.
JlonatkoBe (BTOpHHHE) APOOJICHHS MaTepiany 3MIMCHIOETHCS TPH yaapl TpyaKku o0
OpOHBOBI ITUTH KOpIyCy apobapku. [[pobieHHst MaTepiaiy BiiOyBaeThCs TIOTH HOTO
3epHa HE 3MOXYTh MPOUTH KPi3b IIIJTMHU KOJIOCHUKOBOI PEIIITKH.

[IpoIyKTUBHICTP MOJIOTKOBHX 1 POTOPHHUX APOOApOK 3alekKUTh BIJ IXHIX
KOHCTPYKTUBHUX 1 MEXaHIYHUX [apaMeTpiB (J1aMeTpa, JOBXKHUHHU 1 YaCTOTH
oOepTaHHsl pOTOpa; KUIBKOCTI, MacCH 1 YMCIa MOJIOTKIB; PO3TallyBaHHS 1 (opMu
BIIOIMHUX TUTUT; CIIOCOOY 3aBaHTaXKEHHS 1 TIMOMHW NPOHUKHEHHS TPYJOK Y 30HY
potopa). [IpolyKTUBHICTh TaKOX 3aJI€KUTh BiJ (DI3UYHUX BIIACTUBOCTEN MaTepiaiy,
oo JpoOuThCA (MILHOCTI, BMICTY TIJIMHUCTHUX PEYOBHH, BOJIOTH, KpPYIHOCTI
BUXITHOTO 1 JIpOOJEHOTO TMPOMYKTIB). MIiX NPOAYKTUBHICTIO ApoOapkw,
NOJPIOHIOBAHICTIO BUXIJHOTO Marepiaiay, CTyHeHeM JpOOJEeHHS 1 MOTYXKHICTIO
CJICKTPOJIBUTYHA ICHYE B3a€MO3B’s30K. [Ipu mOCTIMHMX ymoBax ApOOJICHHS 3
MIJBUIIEHHSM TMPOJAYKTUBHOCTI 3HIKYETHCS CTYIMiHb JPOOJICHHS 1 HaBIIaKH.
Teopetnuna Gopmyna st po3paxyHKy MPOJTYKTUBHOCTI MOJIOTKOBUX 1 POTOPHUX
Ipobapok BiacyTHs. J[Ji OpIEHTOBAHOTO PO3PAaXYHKY MPOJTYKTUBHOCTI MOJIOTKOBUX
1 poTOopHUX AP0OapPOK 3aCTOCOBYIOTH Pi3HI eMitipuyHi popmyu. [3].

[Ipu miaABUIIIEHH] MIIHOCTI, B’SI3KOCTI 1 BOJIOTOCTI MaTepiaiy, o ApOoOUThCH,
1 3MEHIIEHHI KPYMHOCTI ApPOOJICHOTO TMPOAYKTY MPOAYKTHBHICTh MOJOTKOBOL
IpoOapKu 3HIWKYETbCs. [Ipu piBHOMIpHOMY >KHMBJICHHI 3a0€3MeuyeThCs OUIbIII
BHCOKA MPOJAYKTUBHICThH APOOAPKH.

MOoJIOTKOBI 1 POTOpPHI APOOApKHM BUMArarOTh PETETHLHOTO OajaHCyBaHHS
potopa. llIBuakicTh 3aBaHTaXEHHsSI BUXIJTHOTO MaTepiajly MOBUHHA BUOUPATHUCH Y
3aJIeKHOCTI B BUIKOCTI 006epTanHs poropa. [lupuHy miguHNT MiXK KOJIOCHUKAMHU
1 BIZICTAaHb MIX PENIITKOK 1 KIHIIMH MOJIOTKIB BHOMPAIOTh Yy 3aJI€KHOCTI Bif

HEOOX1IHOT KPYIHOCTI JIPOOJIEHOTO MPOAYKTY 1 BOJOTOCTI BHXITHOTO MaTepiaiy.
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[[IupyHa MUTMHA MK KOJOCHUKAMHU MOBUHHA OyTH Y 5 — 6 pa3iB OuIbIIEe poO3MIpy

3epeH IPOoOJIECHOTO MPOAYKTY MPHU ApoOIeHH] 10 6 MM 1y 1,5 — 2 pas3u nipu apoOaeHH1
10 50 mM. [Ipu apoGseHHI BOJIOTHX MaTepialiB 3 TNIMHUCTUMHM JIOMIIIKAMHU B1JICTaHb
M1k KOJIOCHUKaMH 301JIbIIYIOTh a00 MPaIoloTh 63 HUX.
Pi3HOBHIM KOHCTPYKIIii. PO3Pi3HAIOTH MOJIIOTKOBI IpOOApKU:
— OJIHOPOTOPHI: HEPEBEPCUBHI; PEBEPCUBHI.
— JIBOpOTOpHI: MapayieIbHOro APOOJIEHHS; TOCIIOBHOTO APOOICHHS.

Mo0TKOBI ApOOapKHU BUTOTOBIISIIOTHCS 3 KOJOCHUKOBHMHM pEIITKaMH 1 0e3
HuX. [Ipobapku 3 KOJIOCHUKOBUMH DPEIIITKAMU 3aCTOCOBYIOTHCS B OCHOBHOMY JUIS
IpiOHOrO JIpOOJEHHsS, BOHM MPU3HAYEHI JUIsl OTPUMAaHHS APOOJIEHOTO MPOIYKTY
BU3HAYEHOI KpynmHOCT1. MOJIOTKOBI ApoOapku 06€3 KOJIOCHUKOBHUX PEIIITOK BUIAIOTh
IpoOJIEHU TPOAYKT 3aJaHOi KPYIMHOCTI BHACHIJIOK IMIJBUIIEHOI IIBUAKOCTI
oOepTaHHsl potopa. MosIOTKOBI JipoOapku OyBalOTh 3 OOEPTAHHIM POTOpPA Y OJHY
CTOPOHY 1 PpEBEpPCHBHI. 3a YHCIOM poOOOYMX BaJiB MOJIOTKOBI JIpoOapKu
PO3IUIAIOTHCS HAa OJTHO- 1 IBOPOTOPHI.

MonoTkH, M0 3aCTOCOBYIOTHCS B MOJIOTKOBUX JpoOapkax, MarTh pI3HY
dbopmy 1 macy (Bim 3,5 mo 15 kr 1 Ouibiie). YuM Ounibllie KPYMHICTh BUXIJAHOTO
Matepianty, TUM OlJIblIe Maca MOJIOTKA MTPU MEHIIOMY iX YMCJI1 1 HAaBMAKH.

OpHopoTOpHAa HEpEeBEpCHBHA MOJIOTKOBa aApobapka (puc. 1.6) tunmy M
CKJIAJAEThCSl 3 TAKUX OCHOBHHMX BY3IIB: KOpIlyca, pOTOpa, BIAOIMHMX IUIUT 1

KOJIOCHUKOBOT perriTku [3].

Pucynox 1.6 — PeBepcuBHa (a) i HepeBepcuBHa (0) MOJIOTKOBaA JipoOapka
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Bepxust 1 1 HIDKHA 2 4aCTHHH KOpIyca poOJsITh JUTUMH a00 3BapHUMHU 3
MPOKATHOI YM JIMCTOBOI cTaji. bimsg OOKOBUX CTIHOK KOpIlyca pO3TalloBaHi
HiMIUITHUKA, B AKUX 00epTaeTbes Basl 6 poTtopa 3. Potop sBise coboro 30ipHY
KOHCTPYKIIif0: Ha Balxy 6 KOPCTKO 3aKpiIUIeHI AWCKH, B KO)KHOMY 3 HUX € IIICTh
OTBOPIB, Kpi3b SKI MPOMYIIECHI CTEPXKHI 5, MO CIAyKaTh OCAMH ISl IIAPHIPHO
MM BIIIIEHUX MOJIOTKIB 4.

Bepxnst wactuHa kopnycy dbyTepyeTbes BIAOIHWHUMM TIUTaMU 7. Y HIDKHIN
YaCTHHI KOPITyCY pO3TalloBaHa KOJOCHUKOBA pelriTka 8, sika 3aitmae 135-180° komna,
IO ONHUCYETHCS MOJOTKaMU. BUXITHUNA MaTepiall pyWHYEThCS yaapamMu MOJIOTKIB,
ynapamu o0 (pyTepOBOYHI TUTMTH, PO3/IaBIIFOBAHHSM 1 CTUPAHHSIM Ha KOJOCHUKOBIN
peuniti. J{poOiieHnii NpoAyKT PO3BAaHTAXKYETHCS MIJ IpOO0APKY Kpi3b KOJIOCHUKOBY
perniTky. KoJOCHUKHM pelIiTKH BUTOTOBISIOTHCS 3 cTam mapku 60C2 abo 45X 1
MOXYTh MaTH Pi3HY (popMYy, ajie yacTillle 3a Bce — TPareIienoaiony 3 pO3IMHPECHHIM
IiMHu y 01K po3BaHTakeHHs Mg kyrom 10 — 20°. Bonu Haxumeni no paniyca
portopa i kyrom 40 — 50° y 61k pyXy mMarepiaiy, 1110 3MEHIITY€ 3aTUIaHHs PEIITKH
npu 1poOJeHH1 MaTepiaiiB 3 MiJABUILEHOIO BOJOTICTIO.

[ITapHipHe KpIIUIGHHS MOJOTKIB JO3BOJII€ YHHUKATH TIOJIOMOK TIpH
MOTPAIISTHHI Y poO0UYUi MPOCTIp APOOAPKH IPEAMETIB, IO HE IPOOISATHCS, TOMY IO
y IIbOMY BHITaJIKy MOJIOTKH BIAXUJISIFOTHCS HA JESKUX KYT.

OpHopoTOpHa peBepcMBHA MOJIOTKOBa apobapka (puc. 1.7) tumy JIMPE
CKJIaJIa€ThCsl 31 3BApHOrO Kopryca 5, poropa 2 1 KOJOCHUKOBOI PEHITKH 7.
[lepenbadueHa MOXIHUBICTh PETYNIOBAHHS IOJIOKEHHS KOJOCHHUKOBOI PEIINTKH 3a
JIOTTOMOT'0I0 CIIeliaTbHOTO MexaHizmy [3].

Bai poropa 1 oOnupaerbcst Ha MIAMUITHUKY 3aKPIIJIEH] HA CTAaHUHI IPOOAPKH.
OOepTaHHs BaJl pOTOpa OTPUMYE BiJ €JIIEKTPOJIBUTYHA, 3 SIKUM BIH 3'€IHYETHCS
mydToro. Ha Bamy 1 HepyXxoMo 3akpirieHi JUCKH poTopa 2, Kpi3b OTBOPH 2 SKUX

MPOIYIIEH] CTEPKHI 13 BUIbHO HAaJITUMU HA HUX MOJIOTKaMU 4.
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Pucynok 1.7 — CxeMu OCHOBHHMX THUIIB MOJIOTKOBUX JPOOAPOK

OnHOPOTOpPHI: a —HEpEBEPCUBHA, O — peBEpCUBHA
JIBOPOTOpHI: B — MapajeabHOro JIpoOJIeHHS, T — IIOCTIIOBHOTO APOOICHHS
1 — ropuzoHTaANIBHUI BaJl, 2 — POTOP, 3 — OC1 MOJIOTKIB, 4 — MOJIOTKH, 5 — KOpITYC
npobapku, 6 — GyTepOBOYHI TUIUTH, 7 — KOJOCHUKOBA PEIIIITKA, 8§ —

3aBaHTaXKyBaJIbHA JIiliKa, 9 — yioBitoo4a kamepa, 10 — dirypHi KoJIOCHUKA

Buxinnuii Matepian yepe3 3aBaHTAKYBaJIbLHUN OTBIP 8 HAIXOIUTh Y poOounii
POCTIp ApoOapKu, Jie y pe3yibTaTi Oaratopa3oBux yaapiB MOJIOTKIB 4 1 yjapiB 00
byTepoBoUHI OpOHKOBaHI IJIUTH 6 BiAOYyBaeThCs ApoOaeHHs MaTepiany. OcTaTouHe
TpOOJICHHS MaTepialy PO3JaBIIOBAHHSM 1 CTUPAHHSIM 3IIMCHIOETHCS Y KIJTBIIEBOMY
3a30p1 MK KOJIOCHUKOBOIO PEILITKOO 8 1 KIHI[IMU MOJIOTKIB 4.

KonocHrkoBa pemriTka CKIaaeThes 3 JBOX OJHAKOBUX CEKIIIH, SKI 3BEPXY

MiJBIIIEHI HA OCAX, a 3HU3Y OMNHUPAIOTHCS HA EKCIEHTPUKU PEryIOBaIbHOTO
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MexaHi3My. [IoBOpOT €KCIIEHTPHKIB 3MIHIOE MOJIOKEHHS KOJOCHUKOBOI PEIIITKH

3aJIe)KHO B1J] HAMIPSIMKY 00€pTaHHs pOTOpa.

JIist ymoOBIIOBaHHS MeETaleBUX Ta IHIIMX MPEIMETIB, 110 MOTPANWId Y
IpobapKy BHIIaIKOBO, MepeadayeHa yJIoBIOYa Kamepa 9, sika po3BaHTaXKYETHCS
NEPIOAUYHO.

[lenTpanbHe po3TallyBaHHS 3aBAaHTAXYBAJIBHOTO OTBOPY &8 JI03BOJIsIE
3MIHIOBAaTH HAIMpPsIMOK 0OEpTaHHs POTOpa, L0 € MEePEeBaroo ApodapoK OO THILY,
TOMY II0 B HMX MOXIJIMBE JBOOIYHE BHUKOPHUCTAHHS MOJIOTKIB 03 po30HpaHHS
Ipo0apKu A iXHbOTO MOBOPOTY. T0OOTO 3HOC MOJIOTKIB y JApOoOapKax LbOTO THUITY
PIBHOMIPHUH 3 IBOX CTOPIH.

Jpobapka mpuszHaueHa IJsi IpoOJIeHHS MaTrepiaiiB CepeaHbOI MIIHOCTI 1
BOJIOTOCTI JIO KPYMHOCT1 3 — 5 MM.

MosnoTkoBa JBOpOTOpHA Jipobapka 3 mapajelbHUM pPO3TallyBaHHSM POTOPIB.

BuxigHuii MaTepian noaaeTbes y 3aBaHTaXyBaJlbHY JiHKYy 8, sika CTBOpeHa
TOPLIEBUMHU CTIHKamMHu Kopryca 5 apobapku 1 ¢irypaumu konocHukamu 10. Ilpu
oOepTaHHI POTOPIB 2 BIIBHO TMIABINIEHI MOJOTKA 4 MPOXOJATH Yy 3a30pU MIiX
¢birypauMu kosiocHukamu 10 1 qpoOnsTe rpyaku matepiany. poOiieHuid mpoayKT
naja€e Ha PEeUIiTKU M7 pOTOpamMu, 1€ BiH IPOOUTHCA OCTATOYHO 1 PO3BAHTAXKYETHCS
nig apobapky. Ban 1 koxkHOro potopa 00epTaeThbest yepe3 KIMHOMACOBY Nepenavy
BIJI OKPEMOT'O €NeKTpoABUTYHA. [IpuBIaHI MIKIBU 0OBa)KHEH1 1 CIy»XaTh TAKOXK, K
MaxOBHUKH. JlOMaTKOBO Ha BUIBHUX KIHIMX BajiB POTOPIB TaKOX HacCaKeHI
MaxOBHUKH JIJIsl BUPIBHIOBAHHS X0y ApoOapku. Haitbinbia 3 qpobdapok 1bOro TUITY
MOXe MPUUMAaTH TPYyAKU T0BXKHHOI0 710 2000 MM 1 Macoro 110 4 T ipu ApOoOJIEHH1 10
30 — 35 MM nipu ipoaykTuBHOCTI 1000 T/TOI.

MosoTkoBa 1BOpOTOpHA IpoOapka 3 MOCHIAOBHUM PO3TalllyBaHHSIM POTOPIB
CKIIQJIAEThCS 13 3BAPHOTO KOpIlyca 5, poTOpiB 2 1 KOJOCHUKOBUX PEHIITOK 7, IO
po3TaIioBaHi miJ poTopamMu. BepxHiii 1 HUKHINA pOTOPH 3 MOJIOTKaMu 4 00€pTarOThCS
B OJIHOMY HampsiMKy. Haa KoXHUM poTOpoM po3MilleHl BIAOiMHI miutu 6, sKi
MepeMIIIaTh MpU PEryiIoBaHHI Apodapku. [IpuBog 060X pOTOPIB 3IHCHIOETHCS

yepe3 KIMHOMACOBY Iepeaady Bif OAHOro enekrpoasBuryHa. [lpu po6oti apobapku



21

Mo TpyAKax Marepially, IO HaIXOJWTh PIBHOMIPHO 1 Oe3nepepBHO 13
3aBaHTAXYBAJIBHOI JIIWKK 8, HAHOCATHCA YAApU MOJIOTKAMH BEPXHBOTO POTOpA.
['pyxu 4acTKOBO pO3KOIIOIOTHCS, BIAKUIAIOTHCS HA BiO1MHI IIUTH, B1IOUBAIOTHCS
BiJl HUX 1 3HOB MOTPAIUISAIOTH M1 yIapy MOJIOTKIB BEPXHBOTO 200 HUKHBOTO POTOPA.
HwxHiil potop ynmapse mo Tpyakax, BIAKMAA€ iX Ha CBOI BiAOiMHI TUHMTH 1
MPOILITOBXYE MaTepial Ha HIKHIO KOJOCHMKOBY pEHITKY. 30Ha MDK JBOMa
poTopaMu € MiICIleM HaWiHTeHCUBHIIIOro ApoOneHHs. JpobimeHuil mpoaykT
PO3BaHTAXYETHCS KPi3b IIUTMHU KOJOCHUKOBHMX pelnTok. KpymHicTh apo0aeHoro
MPOJYKTY PETYIIOETHCA 3MIHOO 3a30pIB MI’K MOJIOTKaMU 1 BIJIOIMHUMHU TUIMTAMH, a
TaKO0X M)XK MOJIOTKaMU 1 KOJIOCHUKOBUMHU PEIIITKAMHU.

MosoTKOBI apo0apKy MpU3HAYEH] JJisi KPYIMHOrO, CEPEIHbOro 1 APiOHOTO
JIpoOJIEHHS MaTepialliB HU3BKOI 1 cepeHbO1 TBEPIOCTI, aJIe YACTIIIE 1X 3aCTOCOBYIOTh
JUIL CepeAHbOro 1 JpiOHOro JpoOsieHHS. BOHM XapaKTepus3ylOThbCsl BUCOKOIO
IPOAYKTUBHICTIO 1 MAJIOIO IUTOMOIO BUTPATOIO €JIEKTPOEHEPTTII.

Ha ByrnesbarauyBanpbHux  (aOpukax 3aCTOCOBYIOTBCS  OJHOPOTOPHI
MOJIOTKOB1 JpOOapKu, PEBEPCHBHI MOJIOTKOBI APOOApKH 3HAXOIATH HaWOUIbIIE
3aCTOCYBaHHS y BYIVICHIATOTOBUYHUX I[€XaX KOKCOXIMIYHUX 3aBO/IIB JIJII OCTATOYHOTO
JpoOJieHHsI 30arayeHo1 MNXTH.

MonoTkoBa apobapka MOXE€ BHUKOHYBATH JAPOOJICHHS $IK CyXOro, Tak 1
oOBogHEHOro Matepiany. Ha Byrnez0arauyBanbHUX (haOpHKax MOJIOTKOBI IpoOapKu
BUKOPHCTOBYIOTh MEPEBAXKHO IS IPOOJICHHS MTPOMIIPOAYKTY ab0 MIKCTY BiJCaaKu
KPYIMHOTO MallIMHHOTO KJIACy Mepej Horo KOHTPOJIBHUM 30araueHHsIM, a TaKOoX IS
MPUTOTYBaHHS JTA0OPATOPHUX MPOO.

Jlo mepeBar MOJIOTKOBHUX JpOOapOK CHijl BIIHECTH MPOCTOTY KOHCTPYKIIii,
HAJ1HHICTh, KOMIIAKTHICTh, BEJIUKY MPOIYKTUBHICTh, BACOKUH CTYIMiHb APOOJICHHS
(20 1 6inbIIIe) Ta MOPIBHSAHO HEBETUKI MUTOMI1 BUTPATH €JICKTPOCHEPT1i.

HenonikamMu MOJIOTKOBUX JIpoOApPOK € MIBUAKUANA 3HOC MOJIOTKIB 1 3aJTUTIAHHS

OTBOPIB KOJIOCHUKOBOI PEIITKU TPU IPOOJICHH] Bojiororo Byrinis [3].
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1.5 3araabHi BUMOTH 10 €JIEKTPONPUBO/IIB IP00APOK

['0710BHOIO TEXHOJOTIYHOIO BUMOTOIO JIO €JIEKTPOIPHUBOAIB APOOAPOK CIiA
BBa)XKaTH 3a0e3MedeHHs 3a7aHoi MPOJYKTUBHOCTI, TOMY TEXHOJOTIYHUN MpOIEC
IpoOJeHHsT 3IIMCHIOEThCST Oe3mepepBHO. Y 3B'S3Ky 3 LUM PEXUM PpoOOTU
eJIEKTPOABHUTYHIB JPOOApOK MOKHA OXapaKTepu3yBaTu sk TpuBaiwmii ( S1).

OTxe, ABUTYH MPAIIOE B OJJHOMY PEKHUMI, 1110 BCTAHOBUBCA.

Enepretnuna eQexkTHBHICTH — OJMH 13 OCHOBHHMX KpHUTEpiiB poOOTH
eIeKTponpuBoay Jpobapok. EHeprernuna edekTuBHICTh oriHIOEeThC KK -
CTaBJICHHSM KOPUCHO BUTPAUYEHOI EHEPTii /10 ii MOBHOT BUTPATH B JJAHOMY IPOIIECI.
Heo0xi1Ho mparHyT MakKCUMaJIbHOTO 3HAYEHHS 1[bOT0O MOKa3HUKA 1 MiHIMAJIBHOTO
CIIO’KUBAHHS €JIEKTPUYHOT €HEPTIi.

B nmaHmii yac enexkTpomnpuBii  JIpoOapOK BHUKOHYETHCS IEPEBAXKHO
HeperyiboBaHUM. He3Bakaroum Ha yAapHUNW Ta HEPIBHOMIPHUN XapakTep
HaBaHTAXXEHHS, IMATPUMAHHS 3aJaHOl IIBHUJIKOCTI oOepTaHHS 3a0e3MeuyeThes
MaXOBHUKOM, PO3TAIlIOBAaHUM Ha poOodomy Baiy. Lle mpu3BoAUTH 10 TOTO, IO MPHU
3aIlyCKy JIOBOJMTHCS BUKOPUCTOBYBATH JJOJJATKOBUH €JIEKTPOIBUTYH.

[Topy4 13, BaXJIMBUM KpUTEpIEM POOOTH EJNEKTPONPUBOAY JpOOapKH €
HaJIHICTh. Buxonsuu 3 pexxuMmy poOOTH ABUTYHA Ta TEXHOJIOTTYHOTO MPOIIECY,
noTpiOHe 3abe3neueHHs1 Oe3nepeOiiiHoi podoTu. KinbkicTh BiAMOB Mae OyTu
3BEJICHA JI0 MIHIMyMY.

3  TEeXHIKO-€KOHOMIYHUX  TOKAa3HUKIB,  BKIIOYAIOYH  EHEPreTUUHY
eeKTUBHICTh, HAWOILIBII  NPUUHATHUMHU €  ACHUHXPOHHI  JBUTYHH 3
KOPOTKO3aMKHEHUM POTOPOM, sIKi HaOyJ 1M HalO1IbIIOT0 MOUIUPEHHS B YCTaHOBKaX
Takoro Tuiy. BpaxoByrouu, 1mo poOoda 30HA, y SKUX BCTAaHOBJICHI IpOOapKH,
3HAYHO 3aIlMJICHa, a TAaKOX BI1OYBA€ThCS MOCTIIHA il arpeCUBHOTO 30BHIIIHBOTO

CepeIOBHILIA, €IEKTPOJIBUTYHN OOUPAIOTh Y 3aKPUTOMY BUKOHAHHI.
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Jlist 3a0e3neueHHs] 3a3HaYEHUX TEXHOJIONYHUX BUMOT TMEPCHEKTUBHUM €
3aCTOCYBAaHHS YaCTOTHOTO YIPAaBIIHHS.

YacToTHE peryaiOBaHHS aCHHXPOHHUX EJIEKTPOJBUTYHIB 3HAWIIUIO HIUPOKE
3aCTOCYBaHHS Y BCbOMY CBITi. JlaHe ympaBiiHHS 3/aTHE 3a0€3MEYUTH 3 BUCOKOIO
TOYHICTIO P00OOYl 00OPOTH JBUTYHA SIK BHILE, TAK 1 HIDKUE 32 HOMIHAJILHUHN PiBEHb.
BHaciniok 1boro 3 A0MOMOT0I0 3MiHM YaCTOTH OOEPTaHHS BUKOHABUOI'O €JIEMEHTA
BiIOYBAa€ThCS BIUIMB 3MIHHY TEXHOJIOTIYHOTO TMIPOLIECY — TOTIK MPOIYKTY
(MpOXyKTUBHICTE). TakoX € MOXJIHMBICTh IJABHOTO IYCKYy, IIO 3HMXKYE 3HOC 1
M1JBUIIYE PECYPC APOOUIBHOTO 00IaIHAHHS.

Kpim 115010, BapTO BiAZHAYUTH, IO PSJl BUPOOHUKIB IPOOAPOK 3aKIATAE IO
iX CKJaay eJEKTPOABUTYHHU 3 BUCOKMM 3HAUYEHHSIM Mapu noirociB. Lle mos'szano 3
TUM, IO TIepeJaBaJibHI MEXaHI3MH MarOTh OOMEkeH1 KOe(IIIeHTH mepeaadi.
3acToCyBaHHS YaCTOTHOTO YIIPaBIiHHS JO3BOJIUTH 3aCTOCOBYBATH €JIEKTPOIBUTYHU
TI€1 K TOTYXKHICTb, aJie O1JIbII BUCOKI IIBUAKOCTI, IO CIPUSITIUBO O3HAYAETHCS HA

KK/l enexrporpuBony.
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2 PO3PAXYHOK TAPAMETPIB IPOBAPOK. BUBIP
EJEKTPOJABUI'YHIB

AHani3 HaBaHTaXEHb B EJIEKTPOINPHUBOAAX APOOApOK NOCUTH ckiagHuil. Lle
3YMOBIIEHO BUCOKOIO YaCTKOIO BUTIQJKOBHX Ta YAAPHUM XapaKTepOM HABAHTAKEHHSI.
3 iHmoro OOKy, MOAIOHUN XapakTep poOOTH 30epiraeThcsa Ha MPOAOBKEHHI BCHOTO
TEXHOJIOTTYHOTO MPOILIECY, 1110 JO3BOJISIE BBAXKATU PEKUM POOOTH €JIEKTPOJBUTYHA
TpuBaM. OTKe, PO3paXyHOK MOMEHTY, II0 PO3BUBAETHCS €NEKTPOJBUTYHOM IS
3a0e3MeYeHHsI TEXHOJIOTTYHOTO POLECY, € TPYAOMICTKUM 3aBIAHHSIM.

B nanuii yac po3paxyHOK MOTYXKHOCTI €JIEKTPOABUTYHIB 31MCHIOETBCS 3a

EMIIIPUYHUMH (POPMYyIaMHU.

2.1 ®yHkuioHaJBHA CXe€Ma PO3POGIIOBAHOTO €JIEKTPONPUBOLY

KNBNJIBHUKA

Sx Oynmo ckazaHO B OMWCI 3aBJaHHS, HEOOXIAHO 3a0€3MEUUTH 3MIHY
IIBUIKOCTI, 1 TIABUIIEHUI MyCKOBUII MOMEHT. [Ipu BUKOpUCTaHHI JaHOTO KOHBE€Epa
MOXKJIMBE MAKCHUMaJbHE HABAaHTAXKEHHS MOKPOK CHPOBHHOIO 31 IIUIbHICTIO
p=1500 xr /2

Cucrema aBTOMaTHYHOTO PETYJIOBAHHS B JAHOMY BHUIIQJKy, HEOOXiIHA IS
cTabumizalii 3aJaHoTo PiBHSA B ApoOapill NUIIXOM PETYJIIOBAHHS MIBUIKOCTI PYXY
KOHBE€pa )KUBUIIbHUKA 1 00pOOKHM 30yprOBAIbHUX BILJIMBIB.

JIyist peryitoBaHHS MOMEHTY, a TaKOX IIBHJIKOCTI OOepTaHHS JBUTYHA B
Cy4aCHHUX eJICKTPOIPUBOAAX BHUKOPHCTOBYIOTHCS KUIbKa CHOCOOIB YacCTOTHOTO
KEepyBaHHS:

— BEKTOpHI;
— CKaJsIpHE.
PosrisitHeMo pi3HI CIOCOOM YacCTOTHOTO YIPaBIiHHS OUIBII JETANbHO:

[TpunIUT Ai1 CKAISPHOTO YIPaBIIHHS ACHHXPOHHUM JIBUTYHOM - aMILIITy 1A 1

4acTOTa HAMPYTd 3MIHIOIOTHCS BiAmoBigHO 10 3akony U/f n = const , ne n> =1 .



25

HeoOxigHO po3ymiTH, IO SK BUIJISJATAME JaHA 3aJEXKHICTh Y KOHKPETHOMY
BUMAAKY, 3aJIeXKUTh BiJ BUMOI, IO TPEISBISIOTHCA  HaBAHTAXKCHHIM
CJIEKTPOINPUBOAY. 3 OJHOrO OOKY, SIK HE3aJIECKHUM BIUIMB BUCTYIA€ YacToOTa, a 3
iHIIOro OOKy, Hampyra Mpu TEBHIN YacTOTI BHU3HAYAETHCS BHUAOM MEXaHIYHOI
XapaKTepUCTHKU, a TaKOX 3HAYCHHSAMHM KPUTUYHOTO 1 IYCKOBOIO MOMEHTIB.
BignoBimHo 40  CKaNApHOIO  YIpaBIIHHA  3a0e3MeuyeTbcss  MOCTiHHA
NepeBaHTAXyBaJlbHA 3/IaTHICTh ACHMHXPOHHOTO J[IBUTYHA, SIKa HE 3aJICXKHUTh BiJ
YacTOTHU HANpYyTH, 1 BCE K MPHU JOCUTh HU3BKUX YAaCTOTaX MOXKE BiOyBaTHCS
BITUyTHE 3HW)KCHHS MOMEHTY, IO pO3BUBAETHCA. MakcHUMallbHEe 3HAYCHHS
Jiana3oHy CKaJSIPHOTO YOPABIIHHSA, TPU SIKOMY II€ MOXJIHMBE 3I1ACHEHHS
perysroBaHHs 3HAYSHHS IIBUJIKOCTI 00€pTaHHS pOTOpa eNEKTPOABUTYHA, 0€3 BTpaTu
MOMEHTY OIIOPY HE ITOBUHHO NepeBulyBaTy 3HaueHHs 1:10.

CkansipHe ynpaBIliHHS aCHHXPOHHUM JBUTYHOM JIOCUTH JIETKO Pealli3y€eThCs,
ajie BCE XK TaKM MAalOTh psAJl BaroMux HemoxdikiB. [lo-mepie, sKio Ha Bajdy He
nepeadayeHuil MaTyuMK IMIBUAKOCTI, TO HEMAa€ HISKOI MOXJIMBOCTI 3/1ACHIOBATH
pETyJIIOBaHHS 3HAYEHHSI IIBUAKOCTI OOEpTaHHA Bajldy, TaK SK BOHA TIOBHICTIO
3aJIeKUTh Bl HABAaHTA)KEHHS, IO BUSBIIAETHCS Ha eJIeKTponpuBia. BcraHoBmeHHs
JATYMKA IIBUJIKOCTI JIOCUTH JIETKO BUPILIYE LIO MPOOJIEMY, alle BCE K 3AIMIIAETHCS
e OJWH 3HAYHUI HENONIK - BIACYTHICTb OYyJIb-IKOI MOXJIMBOCTI PEryJIIOBaHHS
3HA4YeHHS] TOTOYHOTO MOMEHTY Ha BaJly JABUTYHA. 3pO3yMiJIo, MOKHA BCTaHOBUTH
JATYMK MOMEHTY, aji€ BapTICTh TaKUX JATYMKIB, SK MPaBUJIO, 3HAYHO TEPEBUIILYE
BapTICTh CaMoro eleKkTponpuBoay. llpu mpoMy, HaBiTh AKIIO JATYUK YIPaBIIHHSI
MOMEHTOM Oy/ie BCTAHOBJICHWH, TO TPOIEC YMPaBIiHHSA MOTOYHUM MOMEHTOM
BUSIBUTHCSA CWIbHO 1HepmiviHuM. Ille omne «ame» - ckamsipHe yOpaBiIiHHS
ACHHXPOHHUM JBUTYHOM XapaKTEpHU3Y€ThCS THUM, IO HEMOXJIHUBO 3IIHCHUTH
OJTHOYACHE PETYJIOBaHHS IIBUAKOCTI 1 MOMEHTY, y 3B'3Ky 3 UM JOBOJMUTHCA
BUPOOJISITH PETYNIOBAaHHS Ti€l BEJIMYMHM, SIKa HA JAHUM MOMEHT 4acy HalOuIbII
NPIOPUTETHA B CHITY 32 TEXHOJIOTIYHUM TIporiecoMm [4].

Jlyist Toro mo0 YHUKHYTH HENOMIKIB, SKUMHU BOJIOIIE CKAJISPHE YIPaBIIHHS

neurynoM kommnaniero SIEMENS Oyro 3anponoHOBaHO BUKOPHCTOBYBAaTH METO/I
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BEKTOPHOTO YIPABIIHHS JIBUTYHOM. Y TMEPIIMX €JIEKTPONPUBOAAX 3 BEKTOPHUM

yIpaBIiHHSAM BUKOPUCTOBYBAIMCS IBUTYHH, 3 BOYJJOBAHUMH TaTYUKAMU MTOTOKY, 110
CWJIBHO 3BY)KYBaJIO 00JIACTh 3aCTOCYBaHHSI TOJIOHUX MPHUBOMAIB. 3 YacoM Oyiu
BIIPOBAJKEH1 IBUTYHH 0€3 TaTYHKiB MOTOKY, 1110 MPU3BEJIO A0 3HAYHOTO 3POCTAHHS
MOMYJISIPHOCTI 3aCTOCYBAHHSI BEKTOPHOTO YIIPABIIIHHS ABUTYHOM.

Came 3acTOCyBaHHSI METO/[IB BEKTOPHOTO YNPABIIIHHS, IIIIKOM, 3aJI€KUTh BiJl
o0nacTi  3aCTOCYBaHHS  KOHKPETHOTO  €JEKTPONpHUBOAY. SIKImIO  Jiama3oH
BUMIPIOBaHHS 3HA4YeHHsI Moro mBHIKocTi He mepeBuinye 1:100, a Bumoru, 1o
Npea'siBISI0OTHCA 10 HOTO TOYHOCTI, PO3TAlIOBYIOThCS B Mexkax *+1,5%, To B Takomy
BUIMAJKy BUKOPUCTOBYETHCS 0€3/ITaTIMKOBA CUCTEMA YIPABIIHHS €IEKTPOIBUTYHOM.
[Ipyn 1boMy, SIKIIO BUMIPIOBaHHS IIBUJIKOCTI BIOYBA€ThCS B JAlama3oHl JIOCSTAE
3HaueHb 1: 10000 i Ouiblue, 1 MpU IOMY PIBEHb MO0 TOYHOCTI MOBUHEH OYyTH
oCcTaTHbO BUCOKUM (£0,2% mpu yactoTi obepranns Hwkue 1 I'1r), abo xk moTpiObHO
MO3UIIIOHYBATH Baj a00 MPOBOAUTH PETYJTIOBAaHHS MOMEHTY Ha Bajly MPH HU3BKUX
gacToTax OOepTaHHA, TO B TaKUX BUIIAJKaX 3aCTOCOBYIOTHCS CHUCTEMA, IO MAa€
3BOPOTHHM 3B'SI30K 1O MIBHJIKOCTI.

[lepeBarn BEKTOPHOTO METOAY YIPABIIHHS aCHHXPOHHHUM JBHTYHOM TEpe[
CKaJISIPHUM:

— JlocuTh BUCOKHUH PiBEHb TOYHOCTI MPHU PETYJIIOBAHHI MIBUIKOCTI OOEpTaHHS
BaJly, HaBITh ITPU MOXJIMBIN BIJICYTHOCTI IaTUMKA IIBUJKOCTI, 3 YpaXyBaHHIM
HE BUCOKHX BHMMOT, L0 MPEA'SBIAIOTHCS 10 3HAYEHHS 1 BEJIMYMHHU HOrO
IIBUJIKOCTI Ha Baly,

— MoxnuBiCTh 3[IIHCHEHHS TJIABHOTO PyXy (0€3 pUBKIB) HABITH MPU MAJUX
MIBUIKOCTSAX o0epTanHs 1 M/c,

— SIk1o BCcTaHOBUTH JaTYMK MIBUAKOCTI, TO IOCSTAETHCS HOMIHAJIbHE 3HAUCHHS
MOMEHTY Ha Bally TPH HU3BKUX MIBUIKOCTSIX, a TAKOX IPHU HYJIHOBOMY
3HA4YE€HH] MIBUIKOCTI,

— BiacyTHIiCTh 1HEPTHOCTI cUCTeMU. MOXIIMBICTh IIBUJKOIO pearyBaHHsA Ha
BCUTSAKI 3MIHM HaBaHTAXKEHHSI - P13Ki CTPUOKH HABAaHTAKCHHS MPAKTUYHO HE

BIINIMBAIOTh HA HIBI/I,Z[KOCTi CJICKTPOIIPHUBOAY,
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— Bucokuit piBenp KKJI nBuryna, 3a paxyHOK B3HIDKEHMX BTpaT depes

HaMarHiuyyBaHHs 1 HarpiBaHHS.

VY 3B'A3Ky 3 THM, II0 3 YMOB IIOCTaBJIEHOI 3ajaul BUJHO, 10 IIyCK KOHBEepa
IPOBOUTHCA Y BAXKKHUX YMOBAX, TO Ha OCHOBI BUKJIa/ICHUX HE/IOJMIKIB 1 IEpeBar 1BOX
CHOCO0IB YMPAaBIiHHS €JIEKTPOJBUTYHOM, JUIsI MOOYAOBH JaHOi aBTOMATUYHOI
CHCTEMH PETYIIOBaHHS Oye 00paHuil IBUTYHOM.

A 17151 3aBAaHHS MIBUIKOCTI pyXy KOHBEEPAa BUKOPUCTOBYETHCS IIEPETBOPEHUI

KOHTPOJICPOM CUTHAJ 3 AdTYHUKA piBH?I 3aBaHTa>XCHHAA I[p06apKI/I.

A

~380B = .

*

QF

N TOT™

s

Pucynox 2.1 - ®yHKITiOHAJIBHA CXeMa EIEKTPOIIPUBOLY.

2.2 Bubip ejiekTpoaBUryHa

VY naHoMmy BUNAAKY JUIs TPHUBOLY KUBWIbHHMKA OyJlleé 3aCTOCOBYBATHCS
KOPOTKO3aMKHYTHI aCHHXPOHHHUU €NEeKTPOJBUTYH 3 TIJBUIICHUM ITyCKOBHM
MOMEHTOM, TaK SIK BiH y TOPIBHSHHI 3 EJEKTPOJIBUTYHOM 3 (Da3HUM pOTOPOM
3HaXOJUTHCS B OUIBII HU3BKOMY I[IHOBOMY pAIy, Ma€ MPOCTy 1 HaIidHy

KOHCTPYKITIIO .
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Bubip enekTpoAaBUryHa i TPHUBOAY >KUBHIIbBHMKA OyAe MPOBOAUTHCS

BHMXOJISTYM 3 HACTYIIHMX ITAPaMETPIB: HACKIIHA MILILHICTL MaTepiany 1o p= 500 kr/,>;
JTOBXKHHA KOHBeepa L = 15 M; kyT Haxmty ¢ = +40 °.

[ToryxHicTh enekrpoasuryna N ( kBm ) po3paxoByeThes 32 HOPMYIIOH0:

v = KN
N

ne K =1,1-1,4 - xoedimieHT, 111 001Ky YMOB poOOTH KOHBe€Epa (MEHIIe 3HAaUCHHS
BUKOPHCTOBYIOTBHCS IMPH JIETKHX YMOBaxX poOOTH);
n=0,6 - 0,85 - KK]I mpuBoxy;
N o -[TIOTY>KHICTb Ha IPUBOJAHOMY Baiy, KBm.

W, -v

; T § )
N ’
~
l O"' > ’,r'.u..'v

1€ M 64p - KKJI GapabaHiB; v - MIBUAKICTh pyXy KOHBE€Epa, M/C.

,7(“;‘:, - \?
" l+w, (2K, -1)

ne: o 5 = 0,4 - koedimieHT onopy 6apadaHa;

K s - aBisie coboro GyHKIIit0 Bia KoedilieHTa 3ueryieHHs: 0apadaHa 31 CTPIYKOIO L.

{
"r-F.'.'::uJ = = H'H{i
I+00472-286 —1)

BusznaunMo TAroBy crity KOHBEEpa 3a (HOpMyIIOLO:
Wo=[w-La(g+gk)=gH]m+Wnp;

7ie ® - KOe(iIieHT OIopy;

L - JloBkuHa IPOEKIIii KOHBEEPA Ha TOPU3OHTAIBHY TUIOIIUHY, M,

La=L-cos30°=15"¢co0s40°=11,5 u g — noroHHe Barose HaBAHTAKEHHS Bil
BaHTaXY, Ke/M,
g k- MOTOHHA BaroBe HaBaHTA)KCHHS BiJl YaCTUH KOHBEEPA, 110 PyXAIOThCS, Ke/M,

H - Bucota migitomy, m;

H=L-sin¢=15-sin40°=9, 7 u m - koediuienr;

Wnp - Omnip moyKKOBOro pO3BaHTaXyBauda, SKIIO BBaXaTH 10 BIH

BUKOPUCTOBYETHCS B IAHIN KOHCTPYKIIIT, Ke.
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IloronHe BaroBe HaBaHTAXKCHHS BiI[ BAaHTAXXy BU3HAYA€THCA 3a (i)OpMy.TIOIOZ

g-1000.F ., 4,
ne F - mioma nomepeyHoro nepepizy MoToKy BaHTAKy Ha KOHBEEpi, M 2;
P ; - HACHIIHA IIUIBHICTB pyau. p ; = 1500 x2/ 3.
JI71s1 5k051009aCTOT CTPIUKHU 3 KyTOM HaXWiTy O19HUX posukiB 20°:
F-0,11.B?2,

1€ B — mupuHa CTpiuyKd, MM.

F=011-B*=011-06>=99-10"

2=1000-99-107"-15=148

N

K

IToronne HaBaHTaXCHHAA BiI[ HJaCTHH KOHBC€Pa, Mo  pyXaroThbCs,

pO3paxoBYeThCS 3a pIBHIHHAM (1.7):

ne: g ;- MOrOHHE HaBaHTaXEHHS Bl CTPIUKH, K2 /M |

G ,-mMaca 00epTOBHX YaCTUH POJIMKOOIIOPH, K2 ;

| p— Kpok pobounx ponmkoonop, M ; | x-KpoK X0JIOCTHX POIUKOOTIOP, M ;
[Mpubmuzuo: g 7= (25-35)' B, ne — WMpHUHA CTPIYKH, MM .

BijbIn TouHO:

g, =0011(6, +6, +3, ) B, H/M,
, 200

0011
§1 =981

(8, +06,+6,) B, ke/m,

Oe B - mupuHa CTPIYKH, MM; I- 4rciI0 mpokiaanok (1 = 3); & 110 2 - TOBUIMHA

MIPOKJIATI0K, MM; O o = 1,2 MM.

g =205 34341).600=2,57K2/M;
SRNEYY

[Tpu mmpuni crpiuku 600 mm 1 giamerpi ponuka 102 mm qys k0I0049acTUX

posukoonop G p = 10 ke . 3anexxHo BiA HacunHOi WIBHOCTI ( p < 1500 xe/m ) 1
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mupuHi ctpiuku ( B =600 mm ), mpuiiMaemMo BiICTaHb MiXkK POJIMKOOIIOpaMHU poOOUOi
riku cTpigkoBoro kouseepa: | p= 1400 mm = 1,4 u .
BiacTanb Mixk pOJITMKOOTIOpAMH XOJIOCTOI TIIKK IPUIHMAEMO PiIBHUM:

1,=2-1,=2-1.4 m =28 mM;

0
. —2-2.5T+l—+——15,35
3BijICH 3HAX0IUMO: { g 1.4

KoedimieHTM =M - M2 M3+ M4 - M 5 TpuiMEMO PIBHUMU:
[Ipu noBxuH1 KOHBeepa 15 m npuiimaemo m 1= 1,15.
KonBeep — npsamosminiiauii m = 1.

[TpuBig — rosoBHUM M 3= 1.

Harspxna craniis - npoMikHa (1 6apaban) m 4= 1.
Po3BaHTa)keHHS BEIEThCS Uepe3 ToJIOBHUI Oapaban
ms=1m=1,15-1-1-1-1=1,15.

Y pGBYJII:TaTi BHU3HAYA€MO TATOBY CHUIIYy KOHBCEpPA:
W, =[0,025-11,5-(1485+1585) +14,85-9,7]- 1,15+ 0=3214,7 xe.

[ToTyXHICTh Ha MPUBOTHOMY BaJly PO3PaXOBY€EMO:

321470315

N, = 1181 kBm
102-0,84

Buxoasuu 3 po3paxyHkiB, BuOupaemo enexktpoaBuryH 4AP180S4VY3

P won =22 \Bm ;N 0, = 1497 06/x6; n ;= 0,9; cosp = 0,87.
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Pucynok 2.2 — I'abapuTHi Ta mpueIHyBabHI PO3MIPH €IEKTPOIBUTYHA

4AP180S4V3

2.3 Po3paxyHOK MeXaHiYHUX XapPaKTePUCTHK €J1eKTPOIABUIYHA IPUBOAY

KNBNUJIBHUKA

Buxigni nauni enexrpoasuryna 4AP180S4VY3: P ., = 22 .Bm
N yon = 1497 06/x6; M 2=10,9; co0s ¢ = 0,87, m , =20, m =16, My,=2,2;

1.

HoMinasnbHa KyTOBa MIBUJIKICTh PO3PAXOBYETHCS 32 (OPMYJIIOIO:

27-n 2-314-1497
D = =

i 60 60

NOM

=156,7 pao/c

Busnagaemo mIBHAKICTH 11€aTBHOTO XOJOCTOTO X011y 32 (POPMYJIOIO:
2r-n, 2-314-1500
@, = L= = =157
60 60 pao/c

Buznauaemo HOMiHAILHUNM MOMEHT 3a (POpMYJIOIO:

2:10°
= [)mnl - 2 lg = 140,4 fl'«'"

/ =
< oM

aw

HOoMN

Busnayaemo HOMiHaJIbHE KOB3aHHS 32 (hOpPMYIIOIO:

= (W, — @

o l

@,

87 _
o 021219070 60018

How
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S. Busnayaemo KpUTUYHUN MOMEHT 32 (HOPMYJIOI0:

M_=4_,-M,,6 =22-140,4=3089 H-m

Kp Kp ‘ HOM

6. Busnagaemo kputnune koB3aHHs A/l 3a hopmyrioro:

S =Sl + J2 -1 ): 0,0018- (1,6 +4/1,67 -1 ): 0,051

xp

2.4 Bubip neperBopioBaya 4acToTH

Jani HeoOXxigH1 aJs pPO3PaxyHKYy HEOOXIAHOI MOTY>KHOCTI CTaTUYHOIO
NepEeTBOPIOBaYA YaCTOTH:
P ;- po3paxyHKkoBa MOTY>KHICTb IBUTYHA, KBT - 22; 1 ;- KK]I nBurysna - 0,9;
P ¢y - po3paxyHKOBa MOTYKHICTh CTATUYHOTO TIEPETBOPIOBAYA YACTOTH.

Po3paxyHOK MOTY>KHOCTI:

P, 22000
Py === e =24, 4xBm
' " 0.9

SIK BUHO 3 MPOBEACHUX PO3PAXYHKIB OTPUMAHO, 10 MOTYXHICTh CTATUIHOTO
MepeTBOPIOBaYa 4acTOTU MOBHHHA OyTH HE MeHIne 24,4 kBm , 3 psay CTaTUYHHUX
MEePETBOPIOBAYIB YACTOT, 10 3HAXOIATHCS Y BUPOOHUIITBI, HAM HEOOX1HO BHOpaTH
3 HAOJIMKYOI0 O1IBILIOI0 BEIMUMHOIO MOTYKHOCTI 1010 PO3PaXyHKOBOI'O 3HAYEHHS.

JUis  4acTOTHOrO IYCKY ACHHXPOHHOTO €JEKTPONPUBOLY >KUBHIIBHOTO
KOHBEEpAa  MOJIOTKOBOI  JOpo0apkM  BUOMpPAEMO  TEPETBOPIOBAY  YACTOTH
MICROMASTER 430, 1o BUIycKa€eThCcsi KOpHopariiero Siemens.

Crpykrypaa cxema I[I4 MICROMASTER 430 Bin ¢ipmu Siemens,
npejacraBieHa Ha puc.2.3. Ha cxemi HaouHO mMoka3zaHi 0a30Bl MPUHLMIIKA OOMIHY
JTAHUMHU BCEPEJMHI MPUBOAY, a TAKOX a TAKOX YITKO MO3HAYECHI BXOAY 1 BUXOIY

JTAHOTO TPHUCTPOIO.
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2.5 TexHiuHI XapaKTepUCTHKH NEPETBOPIOBAYA YACTOTH
OCHOBHI XapaKTEPUCTUKU:
- JIeTKa YCTaHOBKa,

- MBUAKC BBCACHHS B eKCHHyaTaHiIO;

KOPOTKHH Yac BIATYKY Ha CUTHAJIN KEPyBaHHS;

- nanuii [1JI BUKOHYyEe BUMOTM MIKHApPOJHHMX HOPM €JICKTPOMAarHiTHO1
CYMICHOCTI;

- BOJIOJIIE€ MOKJIMBICTIO pOOOTH B Mepekax 3 130JIb0BAHOIO HEHTPaILIIO;

- HIMPOKHUI Jlana3oH MapaMeTpiB, IO HAAAlOTh MOXKJIMBICTH PI3HOTO
KOH(ITYpyBaHHS JJIsI IUPOKUX 00acTel 3aCTOCYBaHHS,

- MPOCTE Ta MIBUKE KPIMJIEHHS MTPOBO/IIB;

- 3 BOyJIOBaHUX peTie;

- 6 130JIbOBAaHUX MIEPEMHUKAIOTHCS pnp/npn AUCKPETHUX BXO/IIB;

- 2 anayioroBi Buxou (0 — 20 mA); - 2 aHaI0TOBI BXOJIH:

AIN10-10B,0—-20 mAta-10...+10 B

AIN 2 0-10B,0-20 mA;

- 2 aHaJOroBl BXOJIU MOXKYTh BUKOPUCTOBYBATHUCS SIK 7-1 1 8-i AUCKPETHI

BXO/JIH;

- ¢dbynkuii BICO TexHormorii;

- HOoro MojyJibHa KOHCTPYKIlSI 3a0e3mnedye IIUPOKYy THYYKICTh
KoH(piryparriii;

- BHCOKa YacToTa KOMyTalli mjisi 3a0e3neueHHs Oe3lyMHOi poOoTH
CJIICKTPOIBUTYHA,

- JOKJIaHa 1H(OpMaIlis PO MOTOYHUN CTaH MEpPEeTBOPIOBAaYa YacTOTH,
HAOYHE BIJOOpaXKEHHS BUCTABJICHUX MapaMeTpiB 1 BOy10BaH1 (yHKIIIT TOBIJOMJICHbD;

- 30BHILIHI OMIT 11 OOMIHY JaHUMHU 3 KOMIT'IOTepOM, 0a30Ba MaHENb
oneparopa, (BOP-2) i ansa crabimeHoro 3'eqnanas PROFIBUS komyHikamidHuit
MOJTYJb.

CremiaynbHi QyHKITI:

- KaCKaJIHUM 3aIlyCK JBUTYHIB (depe3 BOyOBaH1 pere);
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- PEXKUM €HEPro30epeKeHHS;

- pexxum Hand/Auto (Pyunuit/ ABTomMaTHuHui);

- PEKUM BU3HAUEHHS «CYXOT0 XOAY» HAcoca;

- pexumM Oaifrac;

OyHKIIOHATBHI OCOOIMBOCTI:

- U/f 3aKoH yripaBiiHHS;

- U/f 3 perymtoBanusMm 1oToky (FCC) mist mosmimmeHHs JTUHaMidHUAX
XapaKTePUCTHK 1 MiABUIIEHHS SKOCTI PETYIIOBaHHS €JIEKTPOABUTYHA;

- O0araroToukoBa V/f xapakTepHCTHKA, 1110 33JJa€ThCI KOPUCTYBAUYEM;

- MuTTeBe oOMexeHHs cTtpyMy (FCL) nns poGoTu 0e3 BIIKIIOUEHHS

JIBUTYHA,;
- BOy/I0BaHE TMHAMIYHE TAJIbMYBaHHS IOCTIMHUM CTPYMOM,;
- KOMOIHOBaHE  TaJbMyBaHHS  JUIsl  IOKpPALIEHHS  MOXJIMBOCTEH
rajJbMyBaHHS;

- MpOrpaMOBaHUl Yac PO3TOHY 1 TaldbMyBaHHS 3 MPOTPAMOBAHOIO
GyHKIIIEO 3T [KyBaHHS;

- BOynoBanuii PID xouTponep; - nepeBantaxkensst 110% mpotsirom 59
CEKYyH]I;

- MyCK Ha 00E€pPTOBUI IBUTYH;

- MOXKJIMBICTh HAJAIITYBAaHHS HAa TpPU PI3HI TOPUBOAM; - BUIbHI
GbyHKII10HATBHI OJIOKH.

Oco0aMBOCTI 3aXUCTY:

- 3aXHMCT BIiJl MJBUIIEHOI Ta 3HWKEHOI HANPYTH;

- 3aXMCT MEPETBOPIOBAYA BiJ| IEPETPIBY;

- 3aXHUCT B1J] 3aMHUKAaHHS Ha 3€MITIO;

- 3aXUCT BiJl KOPOTKOTO 3aMUKAHHS;

- 3aXHMCT BiJl IEPETPIBY ABUTYHA 3a BTpatamu 12 1 ;

- 3ano0iraHHs poOOTi 3 3aMUKaHHSIM Ha KOPIYC;

- MoxBiCTh miaktodeHHss PTC/KTY matuukiB fjist 3aXUCTY ABUTYHA.
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3. PO3PAXYHOK I IOBYJIOBA MATEMATHUYHOI MOJIEJI

MNPOEKTOBAHOI CUCTEMHU

3.1 MaTteMaTH4HA MO/IeJIb YACTOTHO-PEryJib0BAHOI0 €JIEKTPONPUBOIY

BekTopHi cucTeMH B3a€EMOJIIOTH 3 Y3araJbHIOIOYMMH BEKTOpaMH Ta iX
MPOCKIISIMA Ha OPTOTOHANBHI oci. JlaHi BEKTOpHM Ta I1X MPOEKIi J03BOJSIOTH
CIPOCTUTH CUCTEMY PIBHSIHb PO3pPaxXyHKy 3aBJIaHHS JUIsI ACHHXPOHHOTO JBUTYHA 1
IPOBOAUTH OOYMCIIEHHS 3 iX MPOEKLISMU SIK 31 CKAISIPHUMU BeJIMUMHaAMH. Maiixe
BCl BEKTOPHI CHCTEM YIpPaBJIIHHSA BKIIOYAIOTh TPUTOHOMETPUYHI 1 (ha30Bil
nepeTBoproBayl.  TpUrOHOMETPUYHI  MEPETBOPIOBAYl  JIO3BOJSIOTH  3POOUTH
NEPETBOPEHHS MPOEKIIN y3arajibHIOIOUMX BEKTOPIB 3 OJIHIET CUCTEMU KOOPAMHAT B
IHOIy CHCTeMY KOOpAWHAT. Buxonduum 3 TOro, mo oOAHa CUCTEMA KOOPAMHAT
HEpyxoMa 1 TOB's3aHa 31 CTAaTOPOM, a IHIIA CHUCTEM a KOOpJAMHAT O00EpTaETHCS
CUHXPOHHO 3 BHOpaHUM ONOpPHUM BeKTOpoM. a30Bi mepeTBOprOBadi
NEPETBOPIOIOTH TPU(Pa3Hy CUCTEMY CTPYMIB 1 HAIPYT Y ABO(A3HY CUCTEMY, a TAKOXK
HUMHU 3IACHIOETHCSI 3BOPOTHE TMepeTBOpPeHHsS. s Mpoekilii y3arajbHIOYOro
BEKTOpa CTPyMy CTaTopa, NEPETBOPEHHS 3 HEPYXOMOi CUCTEMU KOOPAMHAT off y
cucTeMy KoopAuHaT 1-2, o odepraerbes, B1IOYBa€EThCS 3a (popMyiaMu:

I”::lulc057-+ld;sh17.l

leﬁﬁumy—/wmnyj

e Y - KyT TOBOPOTY CHCTEMH, IO OOEpPTAEThCS, KOOPAMHAT BIJHOCHO
HEPYXOMOI CUCTEMU.
[lepeTBOpeHHsT TPOEKIIIM 3 CHUCTEMH KOOpJAMUHAT 1-2, 1m0 00epTaroThCs, B

HEPYXOMY CUCTEMY KOOPJMHAT -3 311iCHIOEThCS 3a (popMyaMu:

I =1,cosy-1, sinV,l
I,=1,siny+ l.yzcosy.J

JJist HarpyT 1 CTpyMiB cTaTopa NMpu BKIFOUEHHI ABUTYHA "31pKOI0" mepexij Bijl

Tpuda3Hoi CUCTEMH 10 BO(}A3HOT CUCTEMU 1 3BOPOTHO BiIOYBAETHCS 3a OPMyIaMHu:
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Lyl 1)
v3

[Tepexin Bix ABoda3HOI cucTemMu 10 Tprda3zHOi 3AINCHIOETHCA 3a (hOpPMyIaMu:

ll’.l :(!u( ’

o V3

U, :_EUW + 70 R
1. 43

("( —E 'l‘\u _T("’\/l ’

- ’

L=l
1 V3

IH :-Elwl TI\ﬁ ’
L

I( __513(.' _71\/1'

[TpuitHsTO, 110 CUCTEMY KOOPAMHAT, 110 00€PTAETHCS, OPIEHTYIOTH [10 BEKTOPY
NOTOKOCLEIUIEHUs: poTopa. Ilpu TakoMy BHKOpPUCTaHHI (PYHKIIOHAJIbHA CXema
€JIEKTPOIIPUBOAY Ma€ HalMEHINY KUIbKICTh MEPEXpPEeCHUX 3B'S3KIB, a BHpa3u AJis
BU3HAYCHHS MOMEHTY, 110 00epTa€, 1 MIBUAKOCTI MOPIBHSAHO mpocTi. [Ipu mnpomy
HalOUIbII TPOCTO 3AIMCHIOETHCA PErYJIIOBAHHS IIBUAKOCTI TpHU cTadlmizamii
NOTOKO3YEIVIEHHsT ~ poTopa. PIBHSHHS  KOPOTKO3aMKHYTOIO  aCHHXPOHHOTO
CJIEKTPOJIBUTYHA, IIT0 00EPTAETHCA 31 MBUAKICTIO BEKTOPA MOTOKOIIETUICHHS POTOpa

CHCTEMI KOOpAWHAT, MarOTb BUI'JIA:
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dl d‘¥
U =iy L B I.Lw, +R]1,,
: dt dt -
dl"\ ' [ L
(.]\" - = Ls- +[\IL\(UW +Arqum(ow +R‘["'
Yooar T -
v, R L,R
0:(—”"_*—_’\{}”"_[\-[ m r' ¢
d[ I.'_ . [‘r
R L
0= -1,
m‘rm L,, S £
My =Koy g

rne f=w, -po.

BekropHa niarpama npeacTasieHa Ha puc. 3.1 npeacrasisie coO00 MPOEKI[I0
y3arajibHIOIOUYOTr0 BEKTOpa CTpyMy crtaropa | s Ha koopauHaTHy Bich 1 (I S1)
BU3HAYAJILHOIO  MOTOKO3YEIUIEHHS  poTopa. Y  CBOKWO  4Yepry  MpOEKIis
y3arajJpHIOIUOro CTpyMy craropa Ha Bich 2 (| S;) BH3Hauae elNeKTpOMArHiTHUN
MOMEHT JIBUTYHA. 3 [IbOT'0 BUILIMBAE, 1[0 Y BEKTOPHIM CHCTEMI1 YIIPaBIiHHS BUHUKAE
MOKIJIUBICTh PO3JIJIBHOTO YIPAaBIiHHA MAarHiTHUM TIOTOKOM 1 0OepTalbHUM

MOMCHTOM.

Oyr

L

Puc.3.1 - BekTopHa aiarpama
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[Ipu poGoTi cucTeMa ynpaBiiiHHs IOBUHHA BUPIIITYBAaTH 3aBAaHHs cTa01I13a1i
Mar"iTHOTO CTaHy JBUT'YHA, OT)KE, MOTIK pOTOpa ;1 CTpyM L 51.
J17s BUpIIICHHS AaHO1 3a7a4i, piBHSHHSI POTOPHOTO JIAHITIOTa CHCTEMHU MOXHA

NPEICTABUTH B HACTYITHOMY BHTJISII:

R L.R,

m

0o=—-y, ——-1I.,
I, //rm l« sl

r r
= m-"r
0= ((’)wr - p(u)c//,_m -1

3 piBHSIHHS BUIUIUBAE 3aKOH (popMyBaHHA CTpyMy [ ¢ :

II:LV/

5 rm *

“m
3 piBHSIHHSI 00€pTaTLHOTO MOMEHTY CHUCTEMH BHILIUBA€E 3aKOH (POpMyBaHHS

cTpymy [ s

;2 M
2 mpK,

rm

PiBHSIHHSA CiTy»KaTh OCHOBOIO JIJIsl TOOYIOBU BEKTOPHOI CUCTEMH YIIPaBIIHHS
MIPUBOJIOM 3 OPIEHTYBAHHSIM TI0 IIOTOKY POTOpa.

CxeMa Mozelni MPUBOAY 3 BEKTOPHHUM YIIPABIIHHSAM IPU MOJICTIOBaHHI B
cepenoBuiiii MATLAB mpencraBnena Ha puc.3.2. Cxema 6moky Vector control

npencTaBieHa Ha puc.3.3.
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Uab '—‘
Ube )

INVERTERS Induetion Mote  Demux

75 loui
Saturation Gan
—

Pucynox 3.2 - Cxema Mo/1es1i BEKTOPHOT CUCTEMH YITPABIIiHHS.

Vaotel coateol

1822 | control_ts2

Discrete

transform v PWM Generator
koordinate2
Fluz
control_Flux
Transform COWU'_'S‘
kordinate!
Estimator
Isabe
Uabde
»(2)

Flux

Pucynox 3.3 - Cxema 610Ky Vector control .
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3.2 Komn'ioTrepHa MojeJib eJIEeKTPOIIPUBOY

Cxema peamizauii Mojeni B mporpamHomy cepenoBuini — Mathlab

npecTaBieHa Ha puc.3.4.

Sivorete

Jissaasad

B
. Dl‘lo :} =
’“i“ -

A4

Pucynok 3.4 - CtpykTypHa cxeMa MOJIesi €JIEeKTPOIPUBOY B CEPEIOBUIII
Mathlab.

Jlns moOynoBU MOJENl €NEKTPONPUBOAY BHKOPHUCTAHA CXeMa MOJei
BEKTOPHOI cHUCTeMH ympaBiiHHS (puc.3.2), ska JopoOsieHa HEOOXITHUMHU
eJIEMEHTaMHU JIJI eMYJIALil pOOOTH CUCTEMH B IILJIOMY.

CrtpykTypHa cxema TpaHCTIOPTHOI 3aTPUMKH TpejicTaBieHa Ha puc.3.5. Llei
eJIEMEHT MpU3HAYEHUH 1715 IMITalll]l Yacy MK OKUJIaHHAM MaTepialy KOHBEEPOM 1

MONaJaHHSIM HOT0 B 30HY i JaTYMKa PIBHSI.

Pucynok 3.5 - CTpykTypHa cxema TpaHCIIOPTHOI 3aTPUMKH.
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biok iMiTarii MexaHi4YHOTO HaBaHTa)XKEHHS MpecTaBiIeHUu Ha puc.3.6. e

OJIOK peani3oBaHMi 3 METOIO iMiTalmii poOOTH MEXaHIYHOTO HABAHTAKEHHS Ha

CICKTPOABUI'YH.

J-’!

I

o
i

o1
o1

Pucynoxk 3.6 - biok imiTaliii MeXaHIYHOTrO HaBaHTaXKCHHS

brok imitamnii naT4yvka piBHS MpencTaBieHud Ha puc.3./. Brirodaerbest Ha
ChOMIM CeKyHI poOOTH 1 IMITy€e 30UIbIICHHS piBHSA. BuMmukaeTscs Ha 15 cexyHni.

Lleit 6110k 103BOJISIE OIIHUTHU SIKICTh POOOTH PErysaTopa IMBUAKOCTI PyXy KOHBEEpa

JKUBUJIBHHUKA.

Pucynok 3.7 - biok iMiTaIiii jaTqyuka piBHs.
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Perynarop MmBUIKOCTI pyXy >KMBHIbHMKA. Perynstop mnpeacTtaBieHUil Ha

puc.3.8. Perymsarop 3a6esneuye [lI-3akon perymoBanHs. Bxmiodaerbes uepes 4
CEKYH/IH MICIIS CTApPTY 1 I03BOJISIE 3MIHIOBATH 3aBJIaHHS 3a IIBUJIKICTIO B 3aJI€KHOCTI

BiJl pIBHS 3aBaHTAXCHHS APOOAPKH.

B

Pucynok 3.8 - biok perynsaropa MBHAKOCTI pyXy KMBUJIbHUKA

JlaHiror peryirOBaHHS IIBUIKOCTI pPyXy KOHBEEpA B 3aJIEKHOCTI Bij
3aBaHTaXeHHsS ApoOapku. Jlaniror npencraBnenuit Ha puc.3.9. JlaHa KOHCTPyKIIis
CKJIAJA€ThCs 3 3a7aBaya IBHUJKOCTI, BUMIpIOBadya IapaMeTpiB JABUTYHA, OJOKY
imiTauii piBHs Apodapku, I1l-perynstopa, 610KIB MiACYyMOBYBaHHS 1 OJI0OK 3aBIaHHS

KOHCTaHTH, JaHHUH OJIOK IMITYy€E 3aBJaHHS HA HEOOX1THOTO PiBHS 3aBAHTAKECHHSI.

NI R

Pucynox 3.9 - JlaHutor peryiaroBaHHs MIBUAKOCTI pyXy KOHBe€epa B 3aJI€KHOCTI BiJl

3aBaHTaXEHHS APOOAPKU
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Ha pwuc.3.10 300pakeHuii 0OJIOK aCHHXPOHHOI MaIlMHU, SKUH MOXe
MPAITIOBATH K B TE€HEPATOPHOMY, TaK 1 B PyXOBOMY pexkumi. Pexxum iioro pobotn
OMHCYETHCS 3HAKOM MEXAHIYHOTO MOMEHTY (TTO3WTHUBHHM NJIs ABUTYHA, BiJl'€MHUN
Ui TeHeparopa). EnekTpuyHa dYacTMHAa MAIIMHU MpEACTaBlIeHa MOJIEIUIIO
YETBEPTOro MOPSAKY 1 MEXaHIYHOIO YAaCTMHOIO CHCTEMOIO JIPYroro mopsiaky. Yci

CJICKTPUYHI 3MIHHI Ta MapaMeTpu BITHOCATHCS A0 CTaTopa.

Pucynox 3.10 - biiok acHHXpOHHOTO JBUTYHA

brox BuMiproBaHHS TapaMeTpiB ABUTYHA MpencraBieHuit Ha puc.3.11. Bin

BUMIPIOE CTPYMH CTaTOPa, MIBUJAKICTH POTOPA 1 MOMEHT Ha Bajly JBUTYHA.

h

_abcp—

1y

Pucynox 3.11 - biiok BumiproBaHHsI mapaMeTpiB JBUTYHA.
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ILJ'IH nepeBipKH HpaHCB,Z[aTHOCTi CUCTEMH, a4 TAKOXK 3 MCTOIO OTpPpHUMAHHIA

rpadikiB 3 MOJATBIIAM iX aHAII30M, YaC PO3TrOHY OOpaHO PIBHUM OJIHIA CEKYH/II . A
Ha YETBEPTIM CeKkyHAl cuMylslii B podoty BkmodaeTscs [1I - perynstop piBHS.
BianosigHo 10 3aBnaHHs (070K KOHCTAHTH ), BiH 3MIHIOE 3aBJAaHHS 3a IIBUJIKICTIO
st Vector control. Ha chomiit cekyHIi B poOOTY BKIIIOUAETHCS IMITATOpP PIBHS B
npobapiii 1 3MIHIOE TOTOYHE 3aBAaHHA 3a piBHEM B Apobapiii. [1I-perymnstop nounHae
peryjioBaT OTPUMAaHE 3aBJIaHHS 3a IIBHAKICTIO, 1100 BIJIMpAIlOBaTH BILUIUB 1
BHUCTAaBUTH PIBEHb BIAMOBIIHUM 3a1aHOMY. Y 3B'SI3KY 3 IIUM PIBEHb CIIOYATKY POCTE,
0 BHUKJIMKAE 3MEHIIEHHS YacTOTU OOEpTaHHS EJEeKTPOJBUTYHA TIPUBOIY
xuBWIbHUKA. [licis 3akiHueHHs 15 ceKyHJ cCUMyJiALil piBeHb NpHUIMae BUXIJIHE
NOJIOKEHHS, 10 Yy CBOIO uepry 3MiHwoe 3aBaaHHs s [ll-perynstopa piBHS.
[IBuakicTe oOepTaHHS €JIEKTPOJBUTYHA 3HOBY HapocTtae. Ha pwuc.3.12

MPEACTaBICHUM X1]T eMYJIs1il pOOOTH MOJIEIII.

Sa0eran U pearenan yeross

| CKOPOCMb, [ ad/c

16 Bbix08HOI MoK yposHemepa,MA |

10

Pucynok 3.12 - [1epe6ir emysuii poOOTH Moei.



46
3.3 Po3paxynok HanamryBanb IlI-peryastopa

Perynarop HamamToByeThcs Ha TexHIYHMM ontumyMm. lle o3Hadae, 1o

NEepeperynioBaHHs HE TMOBMHHO TNepeBUIyBaTh 5%, Il HACTPOIill BIAMOBIIAE:
pi BHa HaWOLIbIIOl NOCTIMHOI dYacy. Sk nmaHa mOCTiiHA BHUKOPHCTOBYETHCS

eJICKTPOMEXaH1YHa MOCTIHHA Yacy:

-, K - K K
r,=2-T, -K,y I‘_'m I\,'I_v

kK

EnexrpomexaHiyHa NOCTiMHA Yacy 3HaAXOIUTHCS 3a JIOIOMOT 00 MOJIEITIOBAHHSI
B nporpami MatLab mporecy npsMoro mycky acMHXpPOHHOTO JBUTYHA. ['padik
HIBUKOCTI allpOKCUMYETHCS IEPEX1THUM MPOLECOM, 1110 BIIMOBIIA€ aleplOAUYHOMY
JaHIIl EPIIOTo HOPSAKY.

s pospaxyHky napametpiB [1l-perynaropa, KOHTyp peryjrOBaHHS MOXKHA

IPEJICTAaBUTH HACTYITHOIO MepeaTHO0 GyHKIiewo (puc.3.13).

U, AN T, +1 Us; I's o U | - @ |
| Tt > Tp

- ol

~

“OC  peff

Pucynox 3.13 - [lepenaTouna dyHkiris

VY 11boMy KOHTYpP1 KO€(iIIEHT MOCUJICHHS PO3PaX0OBYETHCS 3a (HOPMYIIOLO:

y
!
J

K — EbiX
U

oy
ne U .- CHrHaa Ha BUXo/i; U .- CHTHAJI Ha BXO/II.

JIns1 mepeTBOproBaya 4acToOTH:



Jlna nuryHa:

KoedirmienT 3BOpOTHOTO 3B'SI3KY:

-ﬁL=Qm.

K, =
& 1542

20

g =22 g
14 ‘

[lepenatHa QyHKIIISI MEPETBOPIOBAYA YACTOTH:

K’II'I — KII'I
(T,p+1) (00lp+1)’

W(p)=

[lepenaTHa nBUryHa MPUBOY KUBUJIbHUKA!

W = K,]B = K;YH
(Tup+1) (0,76p+1)°

JIe TIOCTIMHA Yacy KUBUJIbHHKA!

num

J-w -(1-§
i (1-54)

HOM
Jl1st mac, 110 pyXarThCs MOCTYIOBO

J 5 =J 08 +J 9KE,
J>=0,804+0,093 = 0,897

2

J‘)KH = m(i) >
a
J.. =000103- ﬂj ~ 0,093
14
rnem=L-H-B- p,,

L - JloBkuHa >KMBUJIbHUKA;

H - Bucota Hacumy marepiany;
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B - mmpuHa cTpiuku )KUBUIBHUKA,;
P - HaCHUITHA MIIBHICTE pyau. P i= 1,5 xe/ 5,2
V — IIBUAKICTh )KUBHJILHUKA.

m=L-P-B-p-10°=11,59,7-0,6-1,5=0,001003 2/’

_0897-156,7-(1-0,0018 ) _
140,4

=T

AB num

lc

[Tepenarouyna GpyHKIiSI pO3IMKHYTOTO KOHTYPY:

W(p) :T.€+1_ Ky _ KJB K.
" T.p (T,p+1) Tyup+l *

W _ (p

W(p) o =—e P/

1 + u/puz(p ) ’ K()F

Jlns xomrieHcarii HaiOLIbIIOI MOCTIMHOI Yacy IOCTIMHY 4Yacy peryssropa
NPUIIMAEMO PIBHOI MOCTIIHOI Yacy >KMBUJIbHUKA!
S=Tum=1c,

Xapakrepuctuune piBHAHHSI CAY mpu po3paxyHKy Ha KpUTEPIH «TE€XHIUHUN
ONTUMYM» Ma€ BUTTISI: 2T 2+ 2T+ 1 = 0. 3aMKHEHUN KOHTYp OyJie BiAMOBiAATH
KPUTEPIIO0 «TEXHIYHUN ONTUMYMY, SKIIIO

_Tu _op,
K;K,K 8

oc

[locTiiiHa yacy iHTerpyBaHHs T ;:

T,=2-T, Ky, Ky K, =2-001-38-04-009=00276c.

o

3.4. IIporpama 1Jis1 KOHTpoJIEpa

SIk 3aranbHe yMpaBIiHHSA TPUBOAOM BUKOPHCTOBYETHCS MIKPOKOHTPOJIEP
dipmu Siemens cepii S7-200.
Cepia S7-200 - ue psig nporpaMoBaHUX JOTTYHUX KOHTPOJIEPIB, IO KEPYIOTh

pPI3BHOMAHITHUMHM  TPUKIATHUMH  cucTemMamMu  aBromarm3aimii. Kommnaktha
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KOHCTPYKIIisl, MOKIIMBICTh PO3IIMPEHHS, HU3bKa BapTICTh 1 IIMPOKA CUCTEMa KOMaH/
MikpokoHTpoJiepiB S7-200 103BONISIOTH BUPINIYBATH BEIUKY KUIBKICTh 3aBIaHb
yopaBiaiHHsI. KpiM Toro, pi3HOMaHITTS JOJATKOBUX MOAYJIB 3a0e3MeuyloTh
HEOOX1/IHY THYUKICTh IIPU BUPIILIEHH] 3374 aBTOMATH3AIlii.

Mikpoxontponep S7-200 ckinagaeTbcs 3 LeHTpaidbHOro mpormecopa CPU
S7222, cxema 30BHIIIHIX MIJKIOYEHb IpejicTaBieHa Ha puc.3.14, skuit MokHa
BUKOPHCTOBYBAaTH CAMOCTIHHO a00 3 MIAKIIOYEHUMH JO HBHOTO JOJaTKOBUMHU

MOAYJIIMHU PO3MIMPCHHA CUCTCMH BBCACHHA-BUBCIACHHS.
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Pucynox 3.14 - @ynkuioHnanabHa cxema MikpokoHTposiepa S7-200

3rigHo 3 NOOYyJOBAaHOK CHUCTEMOI, Ui (PYHKIIOHAJIBHOI peai3arii
QITOPUTMY YIIPABIIHHS ITyCKOM MPUBOTY, Ha MIKpOKOHTpoJepi S7-200, po3pobdiieHa
npocta mnporpama B mnporpamHid o6ononumi Micro WIN SP1 V3.1 STEP7.
MikpokoHTpoJiep, BOyJOBaHUN B CUCTEMY YIPABIIHHSA, 32 MPOTPAMOI0 3A1HCHIOE:
nepeBipKky OJIOKyBaHb, MYCK MPHUBOIY 3 3aJaHOK I1HTEHCUBHICTIO PO3TOHY 1
raJiIbMyBaHHsS Bl aHaJIOTOBOTO JaTyWMKa pIBHS CHUPOBMHU B ApoOaplil, a TaKOX

JT03BOJISI€ 3IUCHUTH 3YTTUHOK.
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Pucynox 3.15 - I[Iporpama mikpokontposepa S7-200

J1o KOHTpoJIepa MiAKIr0ueHa KHomka «imyck» (Bxi 10.0), kHomka «cTom» (BXiA
10.1) kontakTn 6;10kyBansb (Bxoau 0.2, 10.3). Buxoau koutponepa Q0.1, Q0.2, Q0.3
3'€HaHl 3 CUTHaJIbHUMHU Jamnamu. Buxin kontposnepa Q0.0 xepye MarHiTHUM
nmyckauem npuBoay. AHajgoroBuil Buxia koHTpojepa AQWO e curnamom 3aBaaHHs
IO IBUKOCTI JIJII CACTEMU YIIPaBJIiHHS aBTOHOMHHM 1HBEPTOPOM, a Ha aHAJIOTOBUI

Bxi1 AIWO0 HaaxoaaTh aHi 3 JaTYMKA PIBHSA CHPOBHUHU B IpoOapIii.
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BUCHOBKHA

VY mpexacraBneHiit poOOTI CIpOEKTOBaHA CHUCTEMa aBTOMAaTH3allli KOHBeepa
mojadi marepially B ApoOapky. 3IiiCHEHO BHOIp THMy KOHBeepa. BuOpanwuit
CTpPIUKOBUM KOHBeep. Buxomsunm 3 BuUMOr jJ0 MaTepianiB OyB oOpaHHMid
enextpoasuryn 4AP180S4V3. BuOpanwmii 1 BBeaeHH mpeoOpa3oBaTelh YacCTOTH
MICROMASTER 430, Tak sk BiH BOJOJI€ HEOOXITHUM HAOOpOM (YHKINIH.
3po0neHO MOCTIOBaHHSI €IEKTPOIIPUBOTY 3 BEKTOPHUM YIIpaBIiHHIM. Po3pobieHa
1 peami3zoBaHa, 3a gomomororo makera mporpam MATLAB. Tak camo Oyna
po3poliieHa cucTemMa YIpaBJIiHHS €JIEKTPOINPUBOJIOM KUBHIBHOTO KOHBEEPA Yepe3
kouTposep S-200.

YacToTHe yIpaBiiHHSA JBUTYHAMU 3MIHHOTO CTPYMYy € €EKOHOMIYHUM,
OCK1JIbKH BOHO J03BosIsie 30epertu Bucokuit KKJ[ nBuryHa, 3abesneuye K pyxoBi,
TaKk 1 TalbMIBHI PEXHUMH POOOTH, XOpOILY >KOPCTKICTh XApPAKTEPUCTUK 1, IO
HAWTOJIOBHIIIIE.

Buxopuctanass 1poro cmocoOy — pEryiioBaHHS  JIO3BOJSIE  3HHU3UTH
CHEPrOCTIOKUBAHHS THM CaMHM 3MCHIIUTH CKCIUTyaTamiiiHi BUTPATH, a TaKOX

aBTOMATH3yBaTH IMPOIEC 3aBAHTAKCHHS MaTepiaily B Apo0apKy.
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1 GENERAL INFORMATION

1.1 Description of the technological process

The line for obtaining cube-shaped crushed stone is a system consisting of
open crushing and sorting units on the sites of crushed stone and asphalt concrete
plants. It is used to obtain crushed stone | group (cubic) is crushed stone, the content
of deciduous trees grains (the thickness or width of which is three or more times less
than the length) in which no more than 10-15%. Lightness is one of the most
important characteristics of crushed stone quality . Crushed stone of a cubic shape
has greater strength, and also provides the most dense compaction , which entails
minimal consumption of material. Therefore, the use of cubic crushed stone in
production is more economical and expedient. In fig. 1.1 shows the technological

diagram of the cubic crushed stone production line.

Figure 1.1 — Technological scheme of the cubic crushed stone production line
1 — front loader, 2 — chain feeder, 3, 10 — booms, 4, 5,7, 9, 11, 12, 13 — belt

conveyors, 6 — jaw crusher, 8 — cone crusher

The starting rock (Fig. 1.1) is loaded into the hopper of the chain feeder 2 using

the front loader 1 for uniform feeding. After that, it gets to the roar 3, in which the
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distribution of raw materials takes place. The raw material of the small fraction enters

the belt conveyor (LC) 5 and goes to screening. The remaining raw material moves
along LC 4 and falls into the jaw crusher 6 for the first stage of crushing. Then the
rock moves through the LC 7 and falls into the cone crusher 8 for the second stage of
crushing into finer fractions. From the cone crusher, the rock 8 falls on the LC 9 and
then on the rumble 10 for sorting. The finished product of the established fraction
enters LC 13, the rock of fine fraction enters LC 11 and is screened, and the larger
fraction LC 12 is sent back for further grinding in cone crusher 8, which allows to
significantly reduce the number of deciduous crushed stone grains in finished
products.

In the technological process of cubic crushed stone production, crushing units
6, 8 perform the main technological operations. Let's consider in detail the principle

of operation and construction of these installations.

1.2 Design and principle of operation of a jaw crusher

The jaw crusher is a universal machine for large, medium and fine crushing. It
IS used on non-metallic materials of any strength and practically all varieties.
Application is impossible on viscoelastic materials, such as wood, polymers, certain
metal alloys.

In the construction materials industry, jaw crushers are most often used for large
and medium crushing of lump materials. They are characterized by simplicity,
reliability of construction and easy maintenance.

By arrangement, jaw crushers are divided into two groups: with simple

(SHDP) and complex cheek swing (SHDS) (movement of both one cheek and
two cheeks is possible ). The design of the SHDP allows you to create relatively

greater loads on the material being crushed than in the SHDS.
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Figure 1.2 — Design of a jaw crusher with a simple jaw movement

1 — side walls of the bed, 2 — variable plates, 3 — movable cheek, 4 — axis of
the movable cheek, 5 — eccentric part of the shaft, 6 — connecting rod, 7 — spring,

8 - thrust, 9 - stop, 10, 11 - spacer plates, 12, 13 - crushing plates

In fig. 1.2 shows a typical construction of a crusher for large crushing with a
simple movement of the cheek. The movable cheek 3, the axis 4 of which is
installed in sliding bearings fixed on the side walls of the bed 1, receives
oscillating movements through the spacer plates 10 and 11 from the connecting
rod 6, suspended on the eccentric part of the shaft 5, which is driven into rotation
by the electric motor through the V- belt . The working surfaces of the cheeks are
lined with interchangeable crushing plates 12 and 13. The side walls of the
crushing chamber are also lined with interchangeable plates 2.

In the process of operation, there is a need to adjust the width of the output
gap of the crushing chamber. For this purpose, in large crushers, spacers of
different thicknesses are installed between stop 9 and the back wall of the bed.

The guaranteed closing of the links of the drive mechanism of the movable
cheek in crushers with breakable spacer plates is carried out by spring 7 and rod

8 [1].
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Figure 1.3 - Kinematic diagram of a jaw crusher with a simple movement of

the jaw
1 — stationary cheek, 2 — fractional plate, 3 — side wall, 4 — axis of suspension
of movable cheek, 5 — movable cheek, 6 — pulley, 7 — flywheel, 8 — eccentric
shaft, 9 — guide pulley, 10 — electric motor, 11 — adjusting device, 12, 13 — spring
and thrust of the closing device, 14, 16 — spacer plates,

15 — connecting rod, 17 — rolling bearings.

The crusher drive (Fig. 1.3) consists of an electric motor and a V-belt
transmission. The crusher works in the following sequence. Rotation is transmitted
from the electric motor to the pulley through a V-belt transmission flywheel
mounted on an eccentric shaft.

The large mass of moving parts makes it difficult to start the crusher, creating
a very large starting torque. Therefore, large crushers have a step-by-step start, which
Is carried out by successive introduction of the flywheel pulley into operation, then
through the friction clutch of the eccentric shaft with the connecting rod, and then

through the second friction clutch of the second flywheel.
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When the eccentric shaft rotates, the connecting rod makes a reciprocating

movement in the vertical plane. During the upward movement of the connecting rod,
the ends of the spacer plates move with it. The latter, straightening (due to the increase
in the angle between the plates), begin to press on the back wall of the bed and the
movable cheek, moving the latter towards the stationary cheek. The material loaded
into the crushing chamber is subject to crushing. When the connecting rod moves
down, idle speed occurs. The idle energy of the electric motor is accumulated by the
flywheels and used during the working stroke. During idling, the cheek moves back
under the action of the component force of its gravity and the springs of the locking
device[1].

1.3 Design and principle of operation of a cone crusher

Cone crushers are used in all stages of crushing when processing a wide variety
of materials, both in terms of the size of the crushed material and the variety of
physical and mechanical properties. The crushing organs are a fixed truncated cone
and a moving crushing cone located inside it, the axis of which is deviated by an angle
y from the axis of the fixed cone, which rotates relative to the axis of the fixed cone.
The volume between these surfaces forms a crushing chamber. When feeding the
material into the chamber, the crushing cone rolls over pieces of material, crushing
and breaking them, since the working surfaces have curvature.

According to their technological purpose, they are divided into crushers: coarse
(K K D), medium (KSD) and shallow (KMD) crushing.

The main parameter of KSD and KMD type crushers is the diameter of the
lower base of the moving cone.

Crushers with a suspended shaft, a supporting rammer, and a cantilever shaft
are distinguished by a structural feature - the way the crushing cone shaft is supported.

The latter design is used in KSD and KMD machines.
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The crusher (Fig. 1.4) consists of a frame 4 with a support ring 6 and safety

springs 5, an eccentric 1 installed in the central glass of the frame on a four-disk
support 2.

Through conical gears, the eccentric is connected to the drive shaft 16, located
in the horizontal nozzle of the bed 4. The conical shank of the shaft 13 of a small
cone, which rests on the spherical support of the support bowl 3, is connected to the

conical hole of the eccentric 1 [ 2 ].
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Figure 1.4 — Construction of the KMD with a cantilever shaft

The working chamber of the crusher is formed by the outer surface of the
crushing cone, lined with armor 15 made of high-manganese steel, and the inner
surface of the fixed armor 14 of the regulating ring, which is connected by a tight
thread to the load support ring of the ring by columns 12 with wedges. The wedges
rest on a casing 7 mounted on a support ring 6. In the upper part of the crusher there
IS a hermetic loading device 9, mounted on four racks 11 and a bed 4. The output
material enters the receiving box 10 of the loading device and is poured onto the
distribution plate through a nozzle cone.
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Figure 1.5 — Kinematic diagram of a cone crusher with a cantilever shaft 1 —
rolling center, 2 — moving cone, 3 — cone shaft, 4 — eccentric sleeve, 5 —

spherical support

The movable cone (Fig. 1.5) of a flat shape 2 is rigidly attached to the shaft 3,
the lower end of which is inserted into the eccentric sleeve 4 so that the axis of the
shaft forms a certain angle with the axis of rotation (axis of the crusher), called the
angle of precession. The movable cone of the crusher rests on a spherical support
5. The shaft of the cone has no upper attachment. The eccentric sleeve receives
rotation from the drive device, while the movable cone receives a rocking motion.
The rolling center 0 is at the top at the point of intersection of the axis of the shaft
and the axis of the crusher [ 2 ].

Thanks to the rolling of the distribution plate, uniform loading of the working
space is ensured. As a result, when the cones converge, the material is crushed, and
when they diverge, it is discharged.

A characteristic feature of KSD and KMD crushers is the crushing of a parallel
zone in the chamber, i.e. the area where the gap between the forming cones is
constant. This ensures the production of a homogeneous product close to the size of
the gap [1].
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1.4 Design and principle of operation hammer crushers

In hammer crushers, the material is crushed mainly by the impact of hammers,
which are suspended from a rotor that rotates in the working space of the crusher,
limited by a body lined with armor plates. Additional (secondary) crushing of the
material is carried out when the lump hits the armor plates of the crusher body.
Crushing of the material takes place until its grains cannot pass through the slits of
the grate.

The productivity of hammer and rotary crushers depends on their structural and
mechanical parameters (diameter, length and frequency of rotation of the rotor;
number, mass and number of hammers; location and shape of the baffle plates;
method of loading and depth of penetration of lumps into the rotor zone). Productivity
also depends on the physical properties of the crushed material (strength, content of
clay substances, moisture, coarseness of the original and crushed products). There is
a relationship between the performance of the crusher, the pulverization of the raw
material, the degree of crushing and the power of the electric motor. Under constant
conditions of crushing, with increasing productivity, the degree of crushing decreases
and vice versa. There is no theoretical formula for calculating the productivity of
hammer and rotary crushers. Various empirical formulas are used for the targeted
calculation of the productivity of hammer and rotary crushers. [3].

When the strength, viscosity, and moisture content of the crushed material
increases, and the coarseness of the crushed product decreases, the productivity of
the hammer crusher decreases. With uniform feeding, higher productivity of the
crusher is ensured.

Hammer and rotary crushers require careful balancing of the rotor. The loading
speed of the source material should be chosen depending on the speed of rotation of
the rotor. The width of the gap between the grates and the distance between the grate
and the ends of the hammers are chosen depending on the required coarseness of the
crushed product and the moisture content of the source material. The width of the gap

between the grates should be 5-6 times larger than the grain size of the crushed
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product when crushing up to 6 mm and 1.5-2 times when crushing up to 50 mm.

When crushing wet materials with clay admixtures, the distance between grates is
increased or they work without them.

Types of construction. Hammer crushers are distinguished:

— Single-rotor : non-reversible; reversible
— Two-rotor : parallel crushing; sequential crushing.

Hammer crushers are manufactured with and without grates. Crushers with
grate grates are mainly used for fine crushing, they are designed to obtain a crushed
product of a certain size. Hammer crushers without grates produce a crushed product
of a given size due to the increased speed of rotation of the rotor . Hammer crushers
are available with the rotation of the rotor in one direction and reversible. According
to the number of working shafts, hammer crushers are divided into single- and two-
rotor crushers .

Hammers used in hammer crushers have different shapes and weights (from
3.5 to 15 kg or more). The greater the coarseness of the starting material, the greater
the mass of the hammer with a smaller number of them and vice versa.

A single-rotor non-reversible hammer crusher (Fig. 1.6) of type M consists of

the following main components: a body , a rotor, baffle plates and a grate [ 3 ].

Figure 1.6 — Reversible (a) and non-reversible (b) hammer crusher

The upper 1 and lower 2 parts of the body are cast or welded from rolled or

sheet steel. Near the side walls of the housing there are bearings in which the shaft 6
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of the rotor 3 rotates. The rotor is a prefabricated structure: the disks are rigidly fixed

to the shaft 6, each of them has six holes through which the rods 5 are passed, which
serve as axes for hinged hammers 4 .

The upper part of the case is lined with baffle plates 7. In the lower part of the
case there is a grate 8, which occupies 135-180 ° circles, described with hammers.
The raw material is destroyed by the blows of hammers, blows against lining plates,
crushing and abrasion on the grate. The crushed product is unloaded under the crusher
through the grate. The grating grates are made of 60C2 or 45X steel and can have a
different shape, but most often it is trapezoidal with an expansion of the gap in the
unloading direction at an angle of 10 — 20 °. They are inclined to the radius of the
rotor at an angle of 40 — 50 °in the direction of the movement of the material, which
reduces the sticking of the grid when crushing materials with increased humidity.

The hinged fastening of the hammers allows you to avoid damage when non-
crushing objects fall into the working space of the crusher, because in this case the
hammers are deflected at some angle.

A single-rotor reversible hammer crusher (Fig. 1.7) of the DMRE type consists
of a welded body 5, a rotor 2 and a grate 7. The possibility of adjusting the position
of the grate using a special mechanism is provided [ 3 ].

The rotor shaft 1 rests on bearings fixed on the crusher frame. The rotation of
the rotor shaft is obtained from the electric motor, with which it is connected by a
clutch. On the shaft 1, the discs of the rotor 2 are immovably fixed, through the holes

2 of which the rods with hammers 4 loosely attached to them are passed.
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Figure 1. 7 - Schemes of the main types of hammer crushers

Single-rotor : a - non-reversible, b - reversible
Two-rotor : ¢ — parallel crushing, d — sequential crushing
1 — horizontal shaft, 2 — rotor, 3 — axes of hammers, 4 — hammers, 5 — crusher body,
6 — lining plates, 7 — grate, 8 — loading funnel, 9 — catching chamber, 10 — shaped

grates

The raw material through the loading hole 8 enters the working space of the
crusher, where as a result of multiple blows of the hammers 4 and blows against the
lining armored plates 6, the material is crushed. The final crushing of the material by
crushing and abrasion is carried out in the annular gap between the grate 8 and the
ends of the hammers 4.

The grate consists of two identical sections, which are suspended on axles from

above, and rest on the eccentrics of the adjustment mechanism from below. The
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rotation of the eccentrics changes the position of the grate depending on the direction

of rotation of the rotor.

To catch metal and other objects that accidentally got into the crusher, a
catching chamber 9 is provided, which is unloaded periodically.

The central location of the loading hole 8 allows you to change the direction
of rotation of the rotor, which is an advantage of crushers of this type, because it is
possible to use the hammers bilaterally without disassembling the crusher for their
rotation. That is, the wear of hammers in crushers of this type is uniform on both
sides.

The crusher is designed for crushing materials of medium strength and
moisture to a size of 3— 5 mm.

Hammer two-rotor crusher with parallel arrangement of rotors.

The raw material is fed into the loading hopper 8, which is created by the end
walls of the crusher housing 5 and shaped grates 10. When rotating the rotors 2, freely
suspended hammers 4 pass into the gaps between the shaped grates 10 and crush
lumps of material. The crushed product falls on the grates under the rotors, where it
is finally crushed and unloaded under the crusher. Shaft 1 of each rotor rotates
through a VV-belt drive from a separate electric motor. Drive pulleys are weighted and
also serve as flywheels. In addition, flywheels are also installed on the free ends of
the rotor shafts for leveling the course of the crusher. The largest crusher of this type
can accept lumps up to 2,000 mm long and weighing up to 4 tons when crushing up
to 30 — 35 mm at a productivity of 1,000 t/h.

Hammer two-rotor crusher with a sequential arrangement of rotors consists of
a welded body 5, rotors 2 and grates 7 located under the rotors. The upper and lower
rotors with hammers 4 rotate in the same direction. Above each rotor there are baffle
plates 6, which are moved when adjusting the crusher. The drive of both rotors is
carried out through a V-belt transmission from one electric motor. When the crusher
Is working, the hammers of the upper rotor hit the lumps of material that come
uniformly and continuously from the loading funnel 8. The lumps are partially split,

thrown onto the impact plates, bounced off them and again hit by the hammers of the
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upper or lower rotor. The lower rotor hits the lumps, knocks them back onto its baffle

plates and pushes the material onto the lower grate. The zone between the two rotors
Is the place of the most intense crushing. The crushed product is unloaded through
the slits of the grates. The coarseness of the crushed product is regulated by changing
the gaps between the hammers and the baffle plates, as well as between the hammers
and the grates.

Hammer crushers are designed for coarse, medium and fine crushing of
materials of low and medium hardness, but more often they are used for medium and
fine crushing. They are characterized by high productivity and low specific electricity
consumption.

Single-rotor hammer crushers are used at coal beneficiation factories |,
reversible hammer crushers are most widely used in coal preparation shops of coke
chemical plants for final crushing of the enriched charge.

A hammer crusher can crush both dry and wet material. At coal beneficiation
factories, hammer crushers are mainly used for crushing industrial product or mixed
sludge of large machine class before its control beneficiation , as well as for preparing
laboratory samples .

The advantages of hammer crushers include simplicity of design, reliability,
compactness, high productivity, high degree of crushing (20 and more) and relatively
low specific electricity consumption.

Disadvantages of hammer crushers are rapid wear of hammers and clogging of

grate holes when crushing wet coal [ 3 ].

1.6 General requirements for electric drives of crushers

The main technological requirement for electric drives of crushers should be
considered to be the provision of the specified productivity, therefore, the
technological process of crushing is carried out continuously. In this regard, the

mode of operation of electric motors of crushers can be characterized as long ( S1).
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So, the engine works in one established mode.

Energy efficiency is one of the main criteria for the operation of the electric
drive of crushers. Energy efficiency is evaluated by efficiency - the ratio of usefully
spent energy to its total consumption in a given process. It is necessary to strive for
the maximum value of this indicator and the minimum consumption of electrical
energy.

Currently, the electric drive of crushers is mostly unregulated. Despite the
shock and uneven nature of the load, maintenance of the set speed of rotation is
ensured by the flywheel located on the working shaft. This leads to the fact that an
additional electric motor has to be used when starting.

Next to, an important criterion for the operation of the electric drive of the
crusher is reliability. Based on the operating mode of the engine and the
technological process, it is necessary to ensure uninterrupted operation. The number

of failures should be minimized.

From technical and economic indicators, including energy efficiency, the
most acceptable are asynchronous motors with a short-circuited rotor, which have
become the most common in installations of this type. Taking into account that the
working area in which the crushers are installed is very dusty, and there is also a
constant effect of an aggressive external environment, electric motors are chosen in
a closed version.

To ensure the specified technological requirements, the application of
frequency control is promising.

Frequency regulation of asynchronous electric motors is widely used all over
the world. This control is able to ensure with high accuracy the working revolutions
of the engine both above and below the nominal level. As a result, with the help of
changing the rotation frequency of the executive element, the variable of the

technological process is influenced - the flow of the product (productivity). There is
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also the possibility of smooth start-up, which reduces wear and increases the

resource of the crushing equipment.

In addition, it is worth noting that a number of manufacturers of crushers
include electric motors with a high value of the pair of poles. This is due to the fact
that transmission mechanisms have limited transmission coefficients. The use of
frequency control will allow the use of electric motors of the same power, but higher

speeds, which favorably affects the efficiency of the electric drive .
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