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BCTYII

OcTaHHIM YacoM, SIK y BChOMY CBITI Tak 1 B YKpaiHI CyTTEBO 3pOCTa€
TOBApOOOIT, a pa3oM 13 MMM, 3pOCTa€ 00’€M TPAHCIOPTYBAJIbHUX Ta BaHTaXHO-
PO3BaHTAXYBaJbHUX POOIT y BCIX Taly3siX HapoaHoro rocmnoaapctsa. Cepen
TPAHCIIOPTYBAIBHUX 3aCO0IB JIAUPYIOUY IO3MINII0 3aiMalOTh CTPIYKOBI KOHBEEPHU
3aBISKM BHCOKIM HaIIHHOCTI, MPOCTOTI KOHCTPYKIIIi Ta MOKJIMBOCTI MEPEMIIIECHHS
BaHTa)KIB Ha BEJIMKI BijacTaHi [1].

Ane He AMBIAYUCH HA TEpeBarud BUKOPHCTAHHSA CTPIYKOBUX KOHBEEPIB € 1
HEOJIKH, @ CaMe 3HOC CTPIYKM Ta MPUBIIHUX OapadaHiB 1 MATPUMYIOUHX POJIMKIB
13-3a ix B3aemomii. I[IpoGmeMi B3aeMomii KOHBEEpPHOiI CTpiukH 3 OapabaHOM
MPUCBSIUCHA YUCIICHHA JliTeparypa [1-5].

Pa3om 3 TuM, K IOKa3aB CBITOBUH JOCBIJ KOHBEEpOOydyBaHHs, 115 Mpodiema
€ JOCUTh aKTyaJbHOIO I KOHBEEPHOTO TPAHCHOPTY Ta B Psii MPUYUH TOCHUTH
BaYKKOI JIJIs1 aHAJIITUYHOTO po3B's13Ky. [I[prunHa nonsirae, Hacamiiepes, y BiICYTHOCTI
aJieKBaTHUX (PI3UYHUX 1 MATEMAaTUYHUX MOJIEJIEH, Y PI3HOMAHITTI Aif04uX (aKkTopiB
pi3HOI (13MYHOI MPUPOIU, OCOOIMBO B 30HI KOHTAKTy CTpIUKHA i OapabaHa mpu
3BOJIOYKEHH1 ¥ BIIy4aHH1 MaTepialy, 10 TPaHCIIOPTYEThCS.

VYce 1e pazom 0OyMOBHIJIO CTBOPEHHS IIJIOTO PSAY EMITIPUYHUX METOIB
PO3paxyHKIB, y sSIKMX KoeQilieHTH (Hacammepel, Taki SIK KOe(III€HT 34eTICHHS,
BEJTMYMHA TUIOINI (DAKTUYHOTO KOHTAKTYy CTPIYKM M OapabaHa 1 T.J.) BU3HAYaJIUCA
EKCIIEPUMEHTAJILHO JJI1 OKPEMHUX BUIIAJKIB €KCIUTyarailii koHBeepiB. Ha 0a3i Takux
METO/[IB CTBOPIOBAJINUCS PO3PAXyHKOBI METOAUKH [JIsi MPOEKTYBAHHS KOHBEEPIB
PI3HOTO TEXHOJIOTTYHOTO MPU3HAYCHHS; TIPH IIbOMY KO€(IIIEHTH YTOYHIOBAIUCS JIJIS
KOXXHOTO KOHKPETHOTO BHMAJKy. TakomMy MiAXOAy cCHpusiia W TpuBajga MpakTHKa
eKCIUTyaTallli KOHBEEPIB 1 HAKOMUYEHA MPH IIbOMY JOCUTH BAXKJIMBA W JJOCUTH BEJIHKA
eKCIIepUMeHTa bHa 1H(popMmartis [3].

Ha cporomnimHiii JOeHb akTyadbHUM TMHTAaHHSM Ha TMPOMHUCIOBHX
MIIPUEMCTBAX € BCTAHOBJICHHS HOBOTO UM MOJIEpPHi3allisd CTaporo OoOJagHaHHS 3
METOIO MIIBUIIIEHHS SKOCT1 BUPOOHUUYUX MPOILIECiB Ta eHeprozoepexkenns. [llupoxe

3aCTOCYBaHHs HaOyJIM perysiboBaH1 eIeKTPOIIPUBOIH.
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Ha ¢abpwurii mo ¢gacyBanHIO 9ar0 OCTAIO 3aBIaHHS ITiIBUIICHHS KiJTBKOCTI Ta
AKOCTI cBO€i mponykiii. g mporo Oyna BCTaHOBJIEHAa MaliuHa (opmMyBaHHS
¢biapTpnakeTiB. 3 METOI0 EKOHOMII OOKeTy, 1mo0 HEe KYMyBaTH TaKOX JpYTy
NaKyBaJibHy MalIMHY KOpPOOOK y 1enodan, Oyno 3ampOnOHOBAHO MMOEIHATH JBI
MamHu (GopMyBaHHS (UIBTP-TIAKETIB B OJMH TEXHOJIOTIYHUN TIpoIec. Y TakoMy
BUITAJIKy JBa MOTOKM KOPOOOK 3 YaeM 3 JIBOX MAIIMH HAIXOAWUTHMYTH B OIHY
NaKyBaJIbHY, IIJIIXOM YCTAaHOBKU CTPIYKOBOTO KOHBEEPA, IO 3'€AHYE iX. 3a paXyHOK
IILOTO 30UTBIIUTHCS MTPOAYKTUBHICTh MAKyBaJbHOT MAIIIMHU, SIKA CTAaHE HOMIHAJILHO
3aBaHTAXEHOIO 1 BCTUraTuMe 00epTaTu B Lie0(paH KOPOOKH 3 HaeM.

B nanuii yac criomyqHuit CTpiuKOBHIM KOHBEEP, BCTAHOBJICHUH JJIS TT1IBUIIICHHS
MPOAYKTUBHOCTI YITAKOBKH Yal0, OCHAIICHUA HEPETYIbOBAHUM E€JICKTPOIPHUBOIOM 3
ACUHXPOHHUM €JIEKTPOJIBUTYHOM 3 KOPOTKO3aMKHEHHM POTOPOM, IO YCKIIATHIOE
MpoIEC CHUHXPOHI3alii POOOTH 3 OCHOBHUM KOHBEEPOM TMEPIIOi MAIIUHU
(dbopMyBaHHS (PLIBTP-MAKETIB.

Meta wmaricrepcbkoi poOOTH — 3aMIHUTH BCTAHOBJICHUH €IEKTPOMPUBOJ
CIIOJTYYHOTO CTPIYKOBOTO KOHBEEPA HA PETYTHOBAHUHN. YCTAaHOBKA B TAHOMY BHUIIAIKY
CJICKTPOIIPUBOLY JO3BOJIUTh CHOPOCTUTH TPOIEC HANATOHPKEHHS Ta BUOOPY
ONTUMAJIBHOTO TEXHOJIOTIYHOTO PEeXUMY pPOOOTH MEXaHI3MIB 32 PaxyHOK
perynoBaHHsl MIBHAKOCTI. HaiOuTbll mNepCHeKTUBHUM Ta JOLUIBHUM TYT €
enexkrponpuBoa 3a cucremoro ITY-AJl. Taka cuctemMa Mae HU3KY IepeBar J0 SKHUX
MO>XXHA BIJTHECTH:

- BUCOKA TOYHICTh PETYTIOBaHHSI,

- EKOHOMISI €JIEKTPOCHEPTT;

- MABUIICHUH PeCypc eIEKTPOyCTaTKyBaHHS;

- IUTABHUM 3aITyCK JIBUTYHA;

- cra0uTi3allis MBUAKOCTI 00epTaHHs JBUTYHA MPU 3MiHI HABAHTAXEHHS.

Tomy 3aBHaHHSAM € pO3pOOKa, TOCIIKEHHS Ta BUOIP ONTUMATIBHOTO PEKUMY
Ta EJEMEHTIB CHCTEMH [JIsl PETYyIIOBaHHS MIBUIAKOCTI CIIOJIYYHOTO CTPIYKOBOTO

KOHBee€pa.



PO311JI 1 TEXHOJIOT'TYHI OCOBJIMBOCTI POBOTU MALHINMHUA
DPACYBAHHSA YAIO

1.1 ®yHK1iOHAJBLHA cXeMa TeXHOJIOTIYHOI0 MPoLecy
OyHKI[IOHAIbHA CXeMa TEXHOJIOTTYHOIO Mpoliecy MpencrasiieHa Ha puc. 1.1,

JcC:

o

- MamHa GopMyBaHHS (PiIBTP-TTAKETIB;
- MaKyBaJbHa MalINHAa,

- CIIOJTYYHUH CTPIYKOBUN KOHBEED;

- ACUHXPOHHHM €JIEKTPO/ABUTYH;

- 3HIDKYBQJIBHUN PETYKTOD;

- OCHOBHHI KOHBEED;

- aBapiiiHa KHOIIKQ;

- KHOIIKY YBIMKHEHHSI/BUMKHEHHS;

— O o0 N O »n A~ W=

-

- eneKkTpuyHa mada;

[
[E—

- HAKOTTNIyBaY;

12 - MTHEBMOITWJIIHIpU O19HOT mojiaui;

13 THEBMOIMTIHAPY (PPOHTAIBHOI 1T0/1a41;
14,15 - nat4uku;

16 - BUXIJ TOTOBOT IPOMYKIIi.

Y wMammHax ¢opmyBaHHA  (uibTp-makeTiB  pipMmu-BupoOHMKa IMA
Bi/I0YBa€ThCS PO3CHUIIKA YaKO M0 TTAKETaxX Ta 3aKJIAJEHHS iX Y KOPOOKY.

Jliist Toro, mo0 KOpOOKH 3 YaeM, 110 BUXOIATH 3 ABOX MAalIWH (POpPMYBaHHS
Gb1IbTpHaKeTIB , HAIXOIWIN B OAHY NaKyBaJlbHy MalnHy komnanii Marden Edwards
BUKOPHCTOBYETHCSI CIIOJYYHUH CTPIUKOBUM KoHBeep. HaaxomkeHHs KOpoOOK Ha
KOHBE€EpP 3IMCHIOETHCS 32 PaXyHOK CaMOIUIMBHOTO pyxy. CTpuTouykaMu Ha PHUCYHKY

BKAa3aHoO IX pyX.
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Pucynok 1.1 — ®dyHKIiioHabHA CXeMa TEXHOJIOTIYHOTO MPOIIECY

Tak sk TOTYXHICTh MaKyBaJIbHOI MallTUHU JO3BOJISIE TIIKIIOYUTH 10 HEi JB1
MalHu (popMyBaHHS (PUIBTP-MAKETIB, 7S M1IBUILIEHHS KOe(ilI€eHTa KOPUCHOI Ali Ta
HOMIHAJILHOTO 3aBaHTa)KEHHs OyB po3po0JIeHUI Ta BCTAHOBJICHUM TAaHUM CTIOTYYHUM
CTPIYKOBU KOHBEEDP.

CTpiukoBi KOHBEEpU € HANOUIBII MOIIMPEHUM 3ac000M Oe3mepepBHOTO
TPAHCTIOPTYBAHHS PI3HUX HACUITHUX Ta INTYYHUX BaHTAXIB y mpomucioBocTi. Ha
JTAHOMY KOHBEEPI BHKOPHUCTOBYETHCS HECKIHYCHHA BEPTUKAIBHO-3aMKHEHA THYYKA
PE3MHOTKAHMHHA CTpIYKa 3arajbHOro npu3HadeHHs. Lle ocHOBHMI, HaIOPOXKUINH 1
HaWMEHII JIOBTOBIYHUM €JIEMEHT KOHBEEPA, IKUH € OTHOYACHO BAaHTAKOHECYYHUM Ta

TATOBUM OpraHom [1].
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Konseep, BcTanoBneHuit Ha (habpulll 4aro, € CTAIOHAPHUM 1 BITHOCUTHCS JI0
JIETKOTO THUITY. 32 CBOIMH KOHCTPYKTHBHUMHU OCOOJMBOCTSIMU CTPIYKOBI KOHBEEPU
XapaKTepU3yIOThCA HAaHOUIBIION MIBUIKICTIO Ta IPOAYKTUBHICTIO.

Bepxnss pob6oya 1 HWKHS TUIKA CTPIYKH IIATPUMYIOTBCS  PSIOBUMHU
(miHIAHEMH) podukooniopaMu. [locTymanbHUM pyX CTPIUKU 3'€IHYHOUOTO KOHBEEpa
nepenae ogHoOapabaHHUM TMPUBII, IO MPUBOIUTHCA B OOEPTaHHSI ACHHXPOHHUM
€JIEKTPOABUTYHOM 3 KOPOTKO3AMKHEHHUM POTOPOM Yepe3 PeayKTop.

[TocTiitHui HATAT CTPIUKHU 3a0€3MeUyEThCSI TBUHTOBUM HATSKHUM MPUCTPOEM.
['BUHTOBI HaTSKHI MPUCTPOI 3aCTOCOBYIOTHCSI TUIBKM Ha CTalllOHAPHUX KOHBEEPAX
HEBENIMKOI JIOBKHHHU Ta IEPECyBHUX KOHBeepax. BiAMIHHOIO OCOOIMBICTIO IIi€i
KOHCTPYKIIII € Te, 1110 Y HalIPSIMHUX BCTAHOBJICHI MTOB3YHH, K1 3a(1KCOBAaHI IITUPSIMU
[1].

OCHOBHI MapameTpu CIOIYYHOTO CTPIUKOBOTO KOHBEEPA:

- [IpoxykruBHicTh Tpancmoprepa, Q you = 0,07 20,0035 1/rox;

- JlomxuHa L = 6 m;

- llupuna crpiuku B = 500 mwm;

- 3ycwuisa Ha puBogHOMY Oapabani F=788 H;

- Hiametp mpuBogHoro 6apadbana D 5= 0,15 wm;

- JIiHiifHa WBHUIKICTB pyXy CTpIUKH, v ;= 0,17 m/c;

- Tun penykropa — yepB'auHuUI;

- Ilepenarue uncno peaykropa, i ;= 63;

- PoOoua onepaliist — ropu30oHTaIbHE TTEPEMIIIICHHS.

['eoMeTpuyHi po3Mipy KAPTOHHUX KOPOOOK 13 YAaEM BapirOIOTHCA B Jl1ala30HaX:
mupuHa 48 — 190 MM, noBxkuHa 65 — 225 mm, Bucora 60 — 72 mM. MiHiManbHa Bara
oxHi€el kKopooku — 70 rp., MakcumanibHa Bara — 300 rp.

Jlai KopoOKH 3 YaeM MEPEMIIIAOTHCS IO CIIOTYYHOMY CTPIYKOBOMY KOHBEEPY,
Jie BOHU TIOTPAIUISIOTh Y HAKOTIMYYyBaY.

HakonnuyBau ciy>kuTh 1715 3ano0iraHHs 3aTopy abo 31MITOBXyBaHHS KOPOOOK.
KopoOxu 3 yaem 3HaXOASATHCS 1 HAKOMUYYIOTHCS Ha KOHBEEP1 0 THX Mip, MOKU HE

HaJIlfe CUTHAJI BiJ JAaTYUKIB, pPO3TAIIOBAaHUX HAa OCHOBHOMY KOHBEEpl Ha
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MIKpDOKOHTpOJIEp Uil iX MpaBWiIbHOI ToAayi, 100 KOPOOKHM 3 OCHOBHOTO 1
3'€IHYI0Y0Tr0 KOHBEEPA HE 3ITKHYIIUCS OJUH 3 OJTHUM.

[Ticast curHady JaTyuKiB Ta KOMaHIM MIKPOKOHTpOJepa 3I1HCHIOETHCS Tofadya
KOpOOOK 3 4YaeM Ha OCHOBHUU KOHBeep MHeBMoKIanaHamu ¢ipmu Camozzi, 110
Mepepo3NOAUISIOTh MOBITPS Ha MHEBMOIWIIHAPU O14HOT Ta ()POHTAIBLHOI MOoJadi.
[THeBMOKNanaH - L€ MPUCTPIA HEBEIUKOTO PO3MIpy, MPU3HAYCHUU [JIs1 3MIHU
HANpsIMKy PyXy MOTOKY CTUCHEHOTO MOBITPS MOBITPSIHUX JIHISX MHEBMAaTUYHOTO
npuBoay. [IHEBMONWIIHIPH € BUKOHABYMMH MEXaHi3MaMU ITHEBMOCHUCTEM 1
MPU3HAYEHI JIs IEPETBOPEHHS €HEPrii CTUCHEHOTO MOBITPS HAa MEXaHIYHE JIIHIHHE
nepeMilleHHs. YIIpaBIIiHHS ITHEBMOKJIAlIaHAMH B 3aJICKHOCTI B1J] CUTHAJIIB JaTUYHUKIB
3MIIMCHIOETHCS 32 JIOMIOMOTOI0 MIKpOKOHTpoJiepa Simatic S7-200, po3TaiioBaHoro B
enekTpuuHii madi. Simatic S7-200 BiIHOCUTHCS 10 MPOrPAMOBAHMX JIOTTYHHX
KOHTPOJIEPIB, SIKI PU3HAYEH] ISl BUPIIIEHHS TPOCTHUX 3a/1a4 HEBEIMKOI TPOMHUCIIOBOI
aBTOMaTH3allli.

3aranpHUM MOTIK KOPOOOK 3 YaeM MOTparuise B iXHIA KIHIEBUH MTyHKT
BUPOOHUIITBA, B NTaKyBaJIbHy MAIIMHY, 16 BOHU 00epTaloThcs B 1en0o¢aH 1 CTaloTh
rOTOBOIO  TpoayKiiero. Takok  Ha  KOHBEEPI  pPO3TAIIOBaHI  KHOMKHU
BMUKaHHS/BUMHUKAHHS Ta aBapiiiHa KHOIIKA.

[To upoMy COTYyYHOMY CTPIYKOBOMY KOHBEEPY MEPEMILIAIOTHCA Pi3HI (hopmaru
KOpOOOK, TOMY TnepefidadeHa peryroBaHHs 00MEeXyBaJIbHIX MOJI03KIB MO TOBXKUHI Ta
HIMPHUHI TMHEBMOLWIIHAPIB JJIsI TOYHOTO MOMAJaHHAd B HAKONMMYyBad 1 Jajll Ha
OCHOBHUI KOHBEED.

BunukaroTe aBapiiiHi BHITQJIKH, KOJIM KOPOOKHM 3 Ya€M HAKOMHYYIOTHCA Ha
CIIOJIyYHOMY CTPIYKOBOMY KOHBEEPI a00 CTHKAIOTHCS OAWH 3 OJHUM, 1[0 BUKJIHKAE
3aTOp 1 MEpPEeUIKoAy HOPMajJbHOMY TEXHOJOTIYHOMY Tmpouecy. lle BHHHKae uepe3
HEpPIBHOMIPHE HAJIXOMKCHHS KOpOOOK Ha KOHBEEpU. Y TaKUX CHUTyaIlisx
BUPOOHUYOMY TEPCOHATY JOBOAUTHCS BIAHOBIIOBATH HOPMajbHY POOOTY BpYUHY.
s toro, mo0 edeKTUBHINIE 3aBaHTAXUTH MaKyBaJlbHYy MAIIUHY 1 TUM CaMUM
MIJBUIIUTH KUIBKICTh MPOAYKIIIi, 1110 BUITYCKAETHCSA, @ TAKOXK 3ar00IrTH aBapiiHUM

BUITaAKaM, MHOIO 6yJ'IO 3aIIPOIIOHOBAHO 3aMIHUTH HepeFYHBOBaHI/Iﬁ CICKTPOIIPUBOIA



11

CIIOJTyYHOTO CTPIYKOBOTO KOHBEEpPA HA PETYIbOBAHWUN, TOOTO BCTAHOBUTH CHUCTEMY
[TY-AJl, TMM caMuUM JIEMOHTYIOUM HAKONWYyBad 1 IMHEBMOIWIIHIAP Ta IMOBHICTIO

CHUHXPOHI3YBaTH MpPOIIEC 1Moj1adi KopoOOK Ha OCHOBHUI KOHBEED.

1.2 Po6ora mamun ¢popmyBaHHs QLIBTP-NIAKETIB TA NAKYBAHHA

Maimna dhopMyBaHHA YaliHUX (UIBTP-TIAKETIB MpU3HAYCHA JUIS TaKyBaHHS
yar0 B (UIBTPYIOYl MAKeTH 3 JBOMa BUIAUICHHAMH, 3a0€3MEUeHi SPIIUKaMHU,
OABOBHSHOIO HUTKOIO Ta 30BHIIIHIM KOHBepTOM. DuIbTp-makeTd abd0 KOHBEPTH
aBTOMATHUYHO I1IPAXOBYIOThCS, YKJIQJAIOThCS B CTOIKH, a TMOTIM TMOMIIIAIOTHCS B
KapTOHHI KOPOOKHU.

MakcumanbHa MIBUAKICTE (GOpMyBaHHS (UIBTpP-TAKETIB CTaHOBUTH 450
butbTp-nakeTiB 2060 18 kKOpoOOK Ha XBUIIMHY, 1100 MalllMHa HE MpaIlfoBajia Ha 3HOC, il
BCTAHOBJIEHA IIBUIKICTh CTAHOBUTH 400 p11bTp-nakeTiB a00 16 KOpoOOK Ha XBUITUHY.
YcTaHoBua MOTYKHICTh MAlIMHU (OpMYyBaHHS YaltHUX QuIbTp-nakeTiB — 18 kBT.

Jlana MammHa MO)XXe MaTu pi3HI (YHKIIOHAJIbHI BYy3JHM, II0 BHUKOHYIOTH
dbyHKI11i, He0OX1TH1 1711 OTPUMAaHHS PI3HUX BUJIIB KIHIIEBOI YITAKOBKU MPOAYKTY.

JIisi  BUIyCKYy KIHIIEBOTO TIPOAYKTY B MAaIllMHY 3aBaHTaXYIOThCS Taki
NaKyBaJibHI MaTepiajii: namnip, mo QuUIbTpye, nanip IJjs sSpauKiB, 0aBOBHSIHA HUTKA,
KJIEWKHUI Mamip, mamip JUisi 30BHIIIHHOTO KOHBEpTAa 3 ropyBaHHSM, KapTOH IS
KOpOOOK 1 KJieit [3].

[ukn ynmakoBKku Moxe OyTH MOAUICHUH Ha TPU OCHOBHI poOoui (ha3u, 3aJIeKHO
BiJl TUTTY IXHBOT (DYHKIIIT:

- (opmyBaHHS QIIBTPYIOYOTO NAKETA;

- (opmyBaHHS 30BHIIIHHOTO KOHBEpPTA Ta 3aropTaHHS B HHOTO (DIIBTPYHOYOTO
nakeTa,

- CKJQJaHHA KAapTOHHOI KOpPOOKHM, paxXyHOK Ta 3allOBHEHHS KOPOOKH

GITBTPYIOYMME TTAKETaMU, 3a0€3MIeYeHUMH 30BHINTHIMUA KOHBEpTamMu abo 0e3

HHUX, Ta OCTATOYHC 3alic4aTryBaHH.
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Ha puc. 1.2 300pakeno mukn ¢popMmyBaHHs (DUIBTpyrOUOro makery. MarmmHa
dbopMmye (QUIBTPYIOUUN MAKET HUISIXOM PO3MOTYBaHHS PYJIOHY 1 TepMOKIEHKOTo
¢b1apTpyIOYOrO marepy, BCTAHOBIIEHOI Ha BiAMOBIAHOMY mpucTpoi. Hepo3moranuit
narip HaaXxOAUTh B aBTOMATUYHUHN CIIONYYHUN MPUCTPIN 2, ¢ QIUIBTPYIOUUi Marip
PYJIOHY, 1110 3aKIHUY€ThCS, 3'€IHYETHCS 3 HOBUM pyJIoHOM. Lls onepariist He moTpedye
3yNUHKHA MAaIlHU.

OinpTpyrounid mamip HaIXOIWUTh Yy J03arop, IO BU3HAYAE TOYHY KIUIBKICTh
NPOAYKTY, sike MOTpiOHO moxatu. [IpoayKT, 1m0 MomaeThCsl B )KUBWIBHUN OyHKep 4,
najae B MOCYAMHY J03aTopa 1 30UpaeThcsi B KOMIPKaX, 3MOHTOBAHUX Ha LMIIHAPI
no3aropa 3 [3].

[ToBepratounch, MOPIIHI CKUIAIOTH MPOAYKT, IO MICTHUTHCS B OCEpEIKax,
npsiMo Ha mamip, uo ¢usrpye. Ilamip danbiyeTses, yrBoprooun TpyOKy, Kpai siKoi
(banbIyOTHCS 1 3a1I€4aTYIOThCS POJIMKaMU S5 BIATIOBIAHO 0 HAPSAMKY PO3MOTYBaHHS

nanepy. [lotim 1Ba ponrka 6 3aneqarytoTh QUIBTP-NAKET y MONEPEUHOMY HANPSAMKY

[3].

N

Pucynok 1.2 — Hukn ¢popMyBaHHS QUIBTPYIOUOTO MAKETy

[H1M1 yacTuHYU, M0 GOPMYIOTh (PUIBTPYIOUNH TTAKeT (SIPIUK, OABOBHSIHA HUTKA 1

KJIEWKUI mamip) po3TalloBaHI Ha Koyiecl 7, TaKOX MPHUKJICIOITHCS A0 TPYOKU
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GITBTPYIOYOTO Marnepy 3a T0MOMOTOI0 MPOTUAIIOYOTO POJIMKA, 110 3aredaTye, JaHuh

TEXHOJIOTIYHUH Tpoliec Moka3aHuil Ha puc. 1.3.

b\ B =

RSV

Pucynok 1.3 — Inuii yactunu, o popmyroTh QiabTp-MakeTu

[Tamip fu1st APIIMKIB PO3MOTYETHCS 3 PYJIOHY 1, BCTAHOBIIEHOTO Ha BiJIMOBITHOMY
MPUCTPOI, 1 HAAXOAUTh B ABTOMATHYHUN MPUCTPIN JJIs 3pOLICHHS 2, A€ mamip ais
SAPJHKIB 3 PYJIOHY, IO 3aKIHUYETHCSA, 3'€IHYETHCA 3 HOBUM pyiaoHoM. Lls omeparris
Bi/1I0yBa€ThCs 0€3 3yIUHKU MAIIUHH [3].

[Tanip A ApAKMKIB HAIXOAUTH Y Pi3alIbHAN MPUCTPIM A7 pi3aHHS BIANOBIAHO
70 3a3Jalieriib 3aJaHoi JOBXKHHH 1 BCMOKTYETbCS BaKyyMHUM IPUCTPOEM,
BCTAHOBJIEHUM Ha KoJieci 3.

baBoBHsIHa HUTKA, IO PO3MOTYETHCS 3 PYIOHY 4, HAAXOAWUTH Ha Kojieco 3,
MIPOXOJISTUN YePE3 POJIMKH, K1 3a0€31eUyI0Th I0CTaTHIN HAaTAT HUTKH. Kieitkuii marip
PO3MOTYEThCS 3 PYJOHY 5, BCTAHOBJEHOTO Ha BIAMOBIIHOMY TmpucTpoi. Bona
PO3MOTYETHCS IBOMA MPOBITHUMH POJIMKAMH 1 PO3PI3a€ThCSl HOXKEM, IO 00epTae,

NepIll HIX ii 3aTArHe BaKyyMHHI NPUCTpPii, BCTAHOBJIEHUH Ha Koseco 3 [3].
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Kneiikuii mamip MoOXKHa TEpMIYHO 3aKJICIOBATH JIMIIE 3 OJHOTO OOKY.
TepMoxkJieiika cTOpoHa MOBUHHA OYTH MPOTUIICKHOIO MO BIJTHOIICHHIO 0 CTOPOHH,
10 cTocyeThes Koneca 3. Kieikuil mamip HarpiBa€TbCst MPOTUIIFOYUM POJIMKOM, IO
3areyarye, 3'€/Inye OABOBHSIHY HUTKY 3 SIPJIUKOM 1 3 PUIBTPYIOUUM MANEPOM.

TpyOka dinsrpyrodoro mnarepy, 3a0e3nedeHa paIukoM, 0aBOBHSIHOK HUTKOIO 1
KJICHKUM TarnepoM, po3MOTY€EThCS 1 HAIXOAUTH /10 HOXA, 1110 00epTaeThes 6, po3pizae
TpyOKy (iabTpyrodoro namnepy i popmye, Takum 9MHOM, (PiasTpyrodi maketu [3].

QinbTpyIodl MaKeTH MiIXOIUIIOIOTHCS TepelaBaJbHUMH  3aXOIJICHHIMH 1
MOJIAIOTHCS Ha KOJIECO, 1110 00epTaeThes 7 uepe3 (panbIoBaIbHUKH, IO 320€3MEeUYI0Th
OCTaTo4yHy KOH(QIrypaiiro MakeTiB. BepxHi YacTHHHM JIBOX TOPOXKHHUH TaKeTa
3areyaTryroThes mij yac ooepraHHs 7 koueca [3].

Tenep ¢inpTpyrounii makeT MOBHICTIO 3alle4aTaHuii 1 HATOBHEHUI HEOOX1THOIO
KUIBKICTIO TIPOAYKTY, 3a0€3MeueHnid IpJIMKOM Ha OOl makeTa, a OaBOBHSHA HUTKA
pO3MOTaHa 30BHI IaKeTa 1 YTPUMYEThCSA KICHKHUM IIallepoM Y TMPABHILHOMY
MOJIO>KEHHI.

CxkragaHHs KapTOHHOI KOPOOKH

[Iporec ckiamaHHs KapTOHHOI KOpPOOKHM Toka3zanuii puc. 1.4. ®inpTpyrodi
nakeTu, padime 3abesnedeHi (HOpPMOTBOpYMMHU MaTepiasiamu abo 3 3armedaTaHuM
30BHIIIHIM KOHBEPTOM, IMOMAIOTHCSA 3a JOTOMOTOI0 3aXOIUICHHS /0 HEPYXOMOTO
KOHTEMHepa mTabenepa 1, e makeTu nepepaxoBylOThCs 1 YKIIagatoThes B ctocu [3].

[Ticnst 3akiHYEHHS MiAPAXyHKY BIJAMOBIIHO JI0 3a3AaJI€Ti/Ib 3aaHO1 KUIBKOCTI
GUIBTpYIOYMX MakeTiB a00 30BHIMIHIX KOHBEPTIB, CTOC MOJAETHCA B PYXOMHUU
KOHTEHHEp 2, sSKui, 00epTaroduch, 3aKiIaJla€ CTOC Yy KapTOHHI KOPOOKH pa3oM 3
KapTOHHUMH TIEPETOPOAKAMH, 110 HAIXOIATh 3 Mara3uHy.

Kapronni kopoOku HopMyrOThCS 13 TUIOCKOT 3arOTOBKM 3 TUCHEHUMH JTHISIMUA
3ruHy (pedpamiu), 10 YTBOPIOIOTH pedpa KOpOOKU. 3aroTiBii MiIXOIUTIOIOTHCS OIHA
3a OJTHOIO B MarasuHi BaxkejaeM 4 1 MOoIarThCs Ha CTaHIliI0 300pKU 10 MPUIIAJIIB, IO

KJIesTh S [3].
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Pucynok 1.4 — CkiaganHsi KapTOHHOT KOPOOKHU

Kiamanm 3arotoBkM 3arvHalOThCS 3a JOMOMOTOK IIJIACTUHU BCEPEAMHI
CKJIQJaIbHOTO TMPUCTPOIO; 310paHa KapTOHHA KOpoOKa 3 1€ BIAKPUTOIO KPHIIKOIO
MIIXOIUTIOETHCSL BaXKEJIEM, SIKMM CTaBUTh il Ha pPEeMEHl ISl JTOCTaBKH 10 CTaHIIi
HAIIOBHEHHST KOPOOOK.

Konmu kopoOka HaaXoauTh HA CTAHIIO HAMIOBHEHHS, PyXOMHM KOHTEWHEp 2
3aKJ1a/1a€ CTONKHU IMAKETIB ad0 30BHIIIHIX KOHBEPTIB B KOPOOKY 3TIJHO 3a3/ajieriib
3a/1aHii KITBKOCTI CTOMOK. HamoBHeHa kapTOHHA KOpOOKa MOJAETHCS Ha MiTHOMHY
CTaHIII0, J€ 3aKPUBAETHCS KPUIITKA Ta B1AOPaKOBYIOThCS 1eheKTHI KOpoOkH [3].

VYnakoBka KOpOOOK 13 yaeM y nenodan

MamuHa ynakoBKd KOpoOOk 13 uwaeM y menodan (puc. 1.5) mpaioe B
OJHOIIBUJAKICHOMY pexuMi. [Ipu mocTiiiHii mojgadi NpoAyKTy HOCSTA€ThCsl BUILA
IIBUJIKICTh POOOTH MAaIlIHH.

JKuBiieHHS Ha TOJOBHHM JBUTYH MOJAETHCA YE€PE3 YACTOTHUHN MEPETBOPIOBAY,
100 peryatoBaTi WBUIKICTh PyXY CTpIUKu [4].

Bci mHeBMaTw4HI Ta e€NEKTPUYHI TPUCTPOI MAIIMHHA YTMPABISIOTHCS 3

KyJa4KOBOT'O BaJly, LII0 PYXA€ThCs Bl TOJOBHOIO Baly 3yOUacTUM PEMEHEM.
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Konu maimHa ynakoBKH MpaIioe B aBTOMATUYHOMY PEKKMI, BUOIp IMIBUAKOCTI
1 3yIMHKY MalIMHU IPOBOAUTHCSA 32 JOIIOMOIOIO JaTYMKIB, BCTAHOBJIEHUX BCEPEINHI
MaIlIUHU.

JlaTuuk TpOAYKTY Ha CTPIYIll BCTAHOBJIEHUW Ha BY3J MOJadi, TaKOX BIH
BCTAHOBJICHUH Ha 0OMEXyBaJIbHIN MJIACTHHI YIIOPY 1 3aCiKa€e HasBHICTh YIIAKOBKH HA
nigiioMHoMy cTodi [4]. @yHKIIiS 3aTpUMKH 3a0e31euye 3yIMHKY MaIlllMHA HAPUKIHII

poOOYOro IUKITY.

Pucynok 1.5 — [TakyBanbHa MalmHa KOpoOOK 13 yaeM y 1ies1opaH

VYrpaBiiHHS MalIMHOIO MPOBAIUTHCS 3 TOJIOBHOI MAHEIII.
Po6oTa nakyBanpHOT MaIlIMHK MO1JICHA HA Taki etamw [4]:
- MIOJITaHHSI TOBApYy,
- 00epTaHHs TPOIYKTY;
- MIJTHHAHHS Ta 3aMal0BaHHS, BUX1T TOTOBOTO MPOIYKTY.

[Tponec poboTH MaKyBaabHOT MAIIMHUA CXEMATUYHO Moka3zanuit pucl.6 a, 6.
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JlaTyMK TPOAYKTY 3acika€ yHakoBKYy Ha MiAWOMHOMY cToii. MamnHa
nepedyBae y cTaHl 3aTpUMKH. MOTOp MaIllMHU IIOYMHAE IPUCKOPIOBAaTHCA Ta
yHaKoBKa MIJHIMAETHCS 3a JOMOMOTOI0 MiAOMHUKA. MalimHa mpaioe Ha MOBHIN
mBUAKOCTI (puc. 1.6 a): JBUTYH THPOJOBKYE NPUCKOPIOBATUCS; YHAKOBKHU
IPOIOBXKYIOTh HAaKOMMUYYBAaTUCA HAa KOHBEEPI; MPOLYKT HOTpaIUIsi€ Ha MiAHOMHUI
CTUI, CTIJ OMYCKAa€ThCS HA PIBEHb IMO/a4Yi, JAaTYUK 3aCiKa€ HACTYMHY YHAKOBKY 1
MIpoIIeC MOBTOPIOETHCA. MarmHa 3ynuHsaeTbes (puc. 1.6 6): yepes 3aKiHUCHHS Mmojadl
KOpOOOK Ha BXIJHUW KOHBEEpP MIAWOMHHMM CTiJ 3aJMIIAETHCS MYCTUM; OOUIBa
JATYUKW 3QJIUIIAIOTHCS BIAKPUTUMU; MAaIlllMHA 3yMUHAETHCS HAMPUKIHII TTOTOYHOTO
LUKy uepe3 cIpalboByBaHHS (QYHKIII 3aTpuMKu. [loBTOpHMI 3amyck MallluHU
B1I0YAEThCA, KOJU KOpPOOKa 3 YaeM MEPEeKpHE JaTYMK MNPOAYKTY Ha CTpIulll Ta
YHaKOBKHM HAaKOMMYaThCsl HA M1AHOMHOMY CTOJIL.

[licns Toro, sk KOpoOKM 3 4Yaem Oynu mepeAaHi BXIAHUM (OCHOBHHM)
KOHBEEPOM Ha MIJHOMHHM CT1J1, B1IOYBA€ThCA HACTYITHUM MTPOLIEC, KU1 BKIIIOYAE TPU
mii [4]:

- MiAOM YIaKOBKH;
- MPOTSIKKA TUTIBKH;

- oOepTaHHs YITaKOBKH.
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Pucynoxk 1.6 — IIporiec po6oTu nmakyBajJbHOI MaIlTUHU
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[IpuBinHU €NEKTPOABUTYH TIOBUTHHO JOCSATAE MAKCUMAIbHOT mBUAKOCTI. [Tin
qac 1bOTO IMPOIIECY JOMYCKAETHCS ToAada MPOAYKTY B3I0BK KoHBeepa. LIIBUIKICT
1oJIaqi MPOAYKTY Ma€e OyTH TPOXH OUIBIIOI0, HIK MIBUIAKICTH poOOTH MamuHu. [Ipu

MIPUIIMHEHH1 TI0/1a41 MalluHa 3yIUHIEThCS [4].

1.3 Bulip cucremMHu eJIeKTPONIPUBOAY CTPIiYKOBOI0 KOHBEEpa

B3siBumm 3a ocHOBY TexHiuHY JiTeparypy [1,2,16], mpoBeaemMo aHami3 pi3HUX
CUCTEM EJIEKTPOIPUBOY CTPIUKOBOTO KOHBEEPA 1 BUOEPEMO HAMOUIBIII M1 IXOSIILY.

st Toro, mo0 NpUBECTH B PyX BUKOHABYl OpPraHd poOOYMX MAIIWH 1
MEXaHI3MIB  YIpPaBIIHHS I[MM  pPyXOM, €JEKTPONPHUBOA  BKIIOYAE  TpYyMy
B3a€MOIIOB'SI3aHUX 1  B3a€EMOMAIIOYUX OJWH 3 OJHUM  EJIEKTPOTEXHIYHUX,
€JIEKTPOMEXAHIYHUX, MEXaHIYHUX €JIEMEHTIB 1 MPUCTPOiB [16].

KoskeH cTpiukoBuil KOHBEED BIJIPI3HIETHCS B1Jl IHIIOTO CBOIM TPU3HAYECHHSIM Ta
o0JIacTIO 3aCTOCyBaHHs, TOMY TakKl MPUCTPOi MOXYThb €KCIUTyaTyBaTHCS B
HalpPI3HOMAHITHIIIMX YMOBAaX 1 HeCHpUATIUBUX. Jl0 TaKMX YMOB MOKHA BITHECTHU
BIJIKpUTE TIOBITPSI, BUCOTA HaJ piBHEM Mops, 1o mnepepuirye 1000 M, a Takox
OPUMIIICHHS, 10 MICTATh Tapu AaKTUBHUX PEYOBUH 1 XapaKTepU3yIOThCS
M1JIBUIIICHOIO BOJIOTICTIO, 3a0PY/IHEHICTIO, BUCOKOIO TEMIIEPaTypOr0 HABKOJIUIIIHHOTO
cepenoBuiia. BuHMKIA 3a7ada BIOPOBADKEHHA [UJIS Ii€l TPyNU MEXaHi3MiB
€JIEKTPOOOIaAHAHHS, IO 32 TUIOM 1 BUKOHAHHSAM BIANOBIJA€ MepepaxoBaHUM
yMOBaM, a TaAKOX TaKHM, 10 BOJIOJII€ 3 KOPCTKUMHU BUMOTraMu O€31EKH, IPOCTOTH HOTO
0oOCITyroByBaHHSI 1 HAJIHHOCTI poOOTH. Y MESIKWX BHUIIAJIKaX IMPUBOMHI JBUTYHHU
KOHBEEPIB MOBUHHI MaTH 3aKpUTE BUKOHAHHS 1 MaTH MiJIBUILIEHUNA ITyCKOBUII MOMEHT
[2].

besnepepBHuii, ONHOCTOPOHHINA XapakTep POOOTH KOHBEEPHUX MEXaHI3MIB
BU3HAuae TpuBaiui (Oe3mepepBHUI) pEeXUM POOOTH iX EIEeKTPONPUBOLIIB, SIKI
BUKOHYIOTBCS B OCHOBHOMY HEPEBEPCHBHUMH, 34 BHUHATKOM TEXHOJOTIYHHX
npoleciB, Je MoTpidHa 3MiHAa HampsSMKYy pyxy. bararo KoOHBeEepiB CTpOTo

TPaAHCIIOPTHOTO MPU3HAYEHHS MaIOTh O/IHY IOCTIMHY IIBUAKICTh PyXY 1 HE BUMAraroTh
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eJIEKTPOTIPUBOLY, 1110 PETYITIOEThCS. PerynpoBannii e1eKTpOorpHBOJ] 3aCTOCOBYETHCS B
NEIKUX KOHBEEpax, skl 00CIyrOByIOTh TEXHOJIOT1UHI IIPOIIECH, Jie TPU 3M1HI BUPOOY,
110 30UpaeThest a00 00POOIAETHCS, TOTPIOHA 3MiHA MIBUIKICHOTO peXUMY [2].

VY cyuacHOMy BHUpPOOHHMIITBI poOOTa KUIBKOX KOHBEEPIB MOXKE IMOEIHYBATUCS
3arajJbHUM TEXHOJOTTYHUM IMPOIECOM, TOOTO CHHXPOHI3ali€l0. Y IbOMY BHUIAJIKY
PYXH OKpPEeMHX KOHBEEPIB CTPOTO Y3TO[KYIOTbCA MK COOOI0 3a IIBHJIKICTIO.
CunxpoHnizalis pyxy (y3ropxeHe ooepTaHHs ) KOHBEEPIB MAa€ CEHC, KOJIU P13HI BUPOOU
it HEOOX1THMX TEXHOIOTTUHUX OTIepalliil Ha OKpeMHUX KOHBEEPHUX JIIHISIX TOBUHH1
3'€eIHATUCS HA KOHBEEPI CKIIA/IAIBHOMY B TOYHOMY MO3UIIIHHOMY BIAMOBITHOCTI OJIUH
3 OJTHUM.

J10 HallBa)KJIMBIIIMX BUMOT, IO BUCYBAIOTHCS JI0 €IEKTPOIPHUBOIIB MEXAHI3MIB
0e3nepepBHOIO TPAHCIIOPTY, MOXKHA BIAHECTU: 3a0€3ME€UYEHHS IJIaBHOCTI IYyCKYy Ta
TaJIbMyBaHHS 3 HaAIHHUM OOMEXKEHHSM TPUCKOPEHHS Ta pHUBKA, a TaKOX
MaKCUMaJIbHOTO MOMEHTY JABUTYHA Ta HOTO MOX1IHOI.

Bci mepeniveni BuIlle BUMOTM Ta YMOBU BHU3HAYalOTh BHUOIP CHUCTEMHU
CJICKTPONPUBOY JJIA 11€1 TPy MexaHi13MiB Oe3nepepBHOi ii. HallOuibin BigoMuM
TUIIOM  €JIEKTPONIPUBOJY € HEPErylbOBaHUN TMPHUBOJ 3MIHHOTO CTpyMy 3
ACUHXPOHHUMHU a00 CHUHXPOHHMMM JBUTYHamMHu. JlJis YyCTaHOBOK, 1€ HeMae
peryaoBaHHS MIBUIKOCTI PyXy 1 MOMEHTY MPH MyCKYy MEPCIEeKTUBHO 3aCTOCOBYBATH
ACUHXPOHHI JBUTYHU 3 KOPOTKO3AMKHEHHM PpOTOPOM, IO MAarOTh MIABUILEHUN
MyCKOBHI MOMEHT IPH BIJTHOCHO HE3MIHHOMY KMOr0O 3Ha4€HHI B MpPOILIEC] MyCKY, 3a
paxyHOK IIbOT0 BiI0yBAa€ThCSI MEHIIIE HATPIBAHHSA JBUTYHA ITYCKY.

[ToTyXHICTh aCHHXPOHHOTO JBUTYHa 3 KOPOTKO3aMKHEHHM pOTOPOM He
NEPEeBUIIY€E KUIbKAa COTE€Hb KIJIOBAT. SIKIIO BUKOPUCTOBYBAaTH ABUTYHH OUIBIION
MOTY>XKHOCT1, 1€ TPHU3BOAUTH JI0 TMOMITHOTO 3HWKEHHS Koe(iIieHTa TMOTYKHOCTI
MEpEeXi KUBJIEHHS, a TAKOX J0 ICTOTHOTO MaJIHHA HAaIpyrd B MEpEeXl MpU IMYCKY
KOHBe€pa. 3acTOCyBaHHS CHHXPOHHOTO JBHWTYHAa [JIsl TOTYXKHIIIMX YCTaHOBOK
JI03BOJISIE ICTOTHO TMIJIBUIIMTHA €HEPTeTUYH1 OKa3HUKU npuBofdy. [Ipore ycraHOBKH
TaKoi TOTYKHOCTI MaloTh BEJIMKY MEXaHIUYHY IHEPLIMHICTh 1 XapaKTepHU3yeTbCs

BaXKHM TPHUBAJIMM ITyCKOM, SIKHH MOXe€E 3aTArHyTHCs 3a yacoM Ha 30-100 cekyHz.
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Takuii myck MOXe CHPUYMHUTH HENPUIYCTUME TMEPEBUIICHHS TeMIIeparypu
CUHXPOHHOTO JIBUTYHA Ta 3HIKEHHS HAlpyrd MEpeki Ha BIAHOCHO BEIMKOMY
1HTepBaji yacy po3roHy. ToMy X04 1 CHHXpOHHI JBUTYHU MAarOTh JIeKi MepeBart B
MOPIBHSHHI 3 aCUHXPOHHUMH, BOHU HE HAOYIM IIUPOKOTO MOLIMPEHHS SIK MPUBOJ
KOHBEepIB [2].

[Ipo6rema mycKy MOTYXHUX KOHBEEPIB YCIIITHO BUPIITYETHCS 3aCTOCYBAaHHIM
ACUHXPOHHOTO JIBUTyHa 3 ()a3HUM POTOPOM, MPHU SKOMY JOCATAETHCS OOMEKEHHS
MyCKOBUX CTPyMiB 1 3abe3mneuye (GopMyBaHHS 3a/laHOI MYCKOBOi XapaKTEpUCTUKU
IPUBOY.

B enexrponpuBo/ii KOHBEEPIB, Y SAKUX IM1IBUIIEHI BUMOTHU JI0 TJIABHOCTI ITYCKY
3aCTOCOBYETBCS CHUCTEMa, B SIKIM PyX BiJ] CHHXPOHHOTO HEPETyIbOBaHOTO abo
ACUHXPOHHOTO 3 KOPOTKO3aMKHEHHUM POTOPOM JIBUTYHA NEPEIAETbCA HAa MEXaHi3M
yepe3 peryjabOoBaHy TIIpaBiiuHy, MMOPOILIKOBY a00 eneKTpoMmarHitTHy mydry. [lo
nepeBar 1i€i CUCTEeMH MO)KHA BIAHECTH: HEOOX1HE 3HAUYEHHS MOMEHTY IpPHU IYCKY;
IpOCTOTa Ta HAAIWHICTh EJIEKTPONPUBONY; TIOJIETIIEHUH IYyCK JIBUTYHA, SIKUU
3MIACHIOETHCS TPU HE30YIKEHId My(Ti; MOXJIMBICTH IUIABHOI 3MIHU KOPCTKOCTI
MEXaHIYHOI XapaKTePUCTUKU, 3aBISIKH YOMY TOPIBHSHO JIETKO 3a0e3IedyeThes
PIBHOMIDHUI pO3MOMALT HABAaHTAXKEHHS MK JBUTYHAaMH B 0araropyxoBUX
eJeKTponpuBoaax. HemonmikaMyu Takoi CUCTEMH € MMiJBUINEHI BTPAaTH KOB3aHHS B
MyQTi 1 30UIbIIeHI TabapUTH TPUBOAY, TaK SK BCTAHOBJIEHA MOTYXXHICTh My(pTH
JIOPIBHIOBaTUME MOTY>KHOCTI MPUBOJHOTO ABUTYHA.

JIJIss CHONMYYHOTO CTPIYKOBOTO KOHBEEpPA, NI€ 32 yMOBAaMH TEXHOJOTIYHOTO
mpoliecy NOTpiOeH TPUBAIUN PEKUM POOOTH MPUBOAY HA HU3BKHX MIBUIKOCTSIX
(ITB=100%), nepcrieKTUBHUIN YaCTOTHO-PETYILOBAHUM €JIEKTPOIPUBOJ 13 CUCTEMOIO
[TY-A]J] (mepeTBOprOBaY YacTOTH — ACHHXPOHHUU JBHUTYH). YacToTHuii cmocid
peryaloBaHHS AaCHUHXPOHHUX JBUTYHIB TaKOXX € EKOHOMIYHUM 1 OUIbII TOYHHUM
MOPIBHSHO 3 THIIMMH.

[TepeTBOprOBadi YaCTOTH 32 CBOEIO KOHCTPYKIIIEIO MOMIISIOTHCS HA JIBA TUIIH:

a) 6e3rnocepenHi neperpoproBadi yactot (bITY);

0) nBOaHKOBI MepeTBOproBadi yactotu (JITH).
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besnocepeaHiM € peBepCUBHUN  TUPUCTOPHUN mepeTBOproBad. Taki
MepeTBOPIOBAYI MAKITIOYAIOTHCS 10 MEpexk1 0€3 T0AaTKOBUX MPUCTPOIB.

JIo  JBOJAHKOBUX  BIAHOCATBCA  TPAH3UCTOPHMIA ab0  THUPUCTOPHUI
IEPETBOPIOBAY. %4 Cy4YacHHMX Y4aCTOTHO-PETYJIbOBAaHUX ACUHXPOHHUX
€JIEKTPONPUBOJIAX IKUPOKO 3acTOCOBYIOThCS J{ITY 13 MpOMIYKHOIO JTAHKOIO TOCTIITHOTO
cTpyMy. OCHOBHUMHU €JI€MEHTaMU TaKUX MEPETBOPIOBAYIB € BHUMPAMISAY, (DUIBTP
IPOMIKHOI JJAHKH MOCTIHHOTO CTPyMY Ta aBTOHOMHHUI 1HBEPTOP.

3a TUTMIOM 1HBEPTOpA, SKUW € KOMYTaTOPOM Ha HaIiBIPOBIIHUKOBUX CHUIOBUX
kimoyax, JITY nominstoTees Ha Bl KaTeropii: 3 aBTOHOMHHM IHBEPTOPOM CTPyMY

(AIC) (puc.1.7) ra aBronomMHNM iHBepTOpoM Hanpyru (AIH) (puc. 1.8) [29].

uy, fi iy Ly |iu Uy, fu
O— AL, o, W . 0
P S— B lud ()] Uy AIC C
o0— 0 o— .
f{_fj , fd fl-iij .

—» CVB |-— —» CV]

Pucynok 1.7 — ®dynkmionansna cxema [I1Y na ocnosi AIC
B — Bunpsimiisiu; @ — dinbrp; AIC — aBTOHOMHHMI 1HBEPTOP CTPYMY;
M — enekrpuyna mamuna; CYB - cuctema ynpapiiHHS BUIIPAMIITYEM,
CVI — cucrema ynpaBiiHHS aBTOHOMHUM 1HBEPTOPOM; L ¢ - IHIyKTUBHICTh
binbTpa; f s - 3aBAaHHS YACTOTH BUXITHOTO CTPYMY; 1 ¢ — 3aBJ@HHS BUX1THOTO

CTPYMY Y KOJI1 TOCTIHHOTO CTPyMY.
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[onoBHy ponb QopMyBaHHI BHUXITHOTO curHamy 3agaHoi uactotu AlC
3aliMalOTh KOMYTalii TPaH3UCTOPiB UM TUPUCTOPIB. YUM BHIIE YacToTa KOMYTaIlii,
TUM Kpallle SIKICTh CHHYCOI/IM Ha BUXO/I1 IIEPETBOPIOBAYA YACTOTH, aJie 3pOCTATUMYTh

BTpaTH B CAMOMY IIE€PETBOPIOBAYI.

u, fi Id Ly, Iy iy, Ju
O— O Y —— - 0
o—1 B Uy Cp == AlH 0
O— 4 O— 0
5 s
- CVB Uy CVI

-

Pucynok 1.8 — dynkiionansaa cxema T4 wa ocHoBi AIH
B — Bunpsimisiy; @ — ¢putetp; AIH — aBTOHOMHUH 1HBEPTOP HANPYTH;
M — enexkrpuyna mamnHa; CYB - cuctema ynpapiaiHHS BUIIPAMIITYEM,
CVI — cucrema ynpaBiiHHS aBTOHOMHUM 1HBepTOpoM; L 41 C ¢ - IHAYKTUBHOCTI Ta
€MHOCTI QLIbTPA; f 413 -3aBAAHHS YaCTOTH BUXOY 1HBEPTOPA; U 43— 3aBJAHHS

BHX1JIHOI HAIIPyTH BUIIPSAMIISAYA; U 4 — 3aBJaHHS BUX1IHOT HAIIPYTH IHBEPTOpA.

[Tpu 3amaHux anropuTMax MEPEeMHUKaHHS CHUJIOBHX KJIIOYiB Ta BIACTHBOCTSIX
mxepena xuBieHHs iHBepTopa JITY 3 AIC 3abe3neuye meBHy (OpMy BHUXIITHOTO
CTPyMy HE3aJIeKHO BiJI MapaMeTpiB HABAHTAXEHHS 3 MOXJIIMBICTIO PO3ALIBHOTO
pETYIIIOBAaHHS aMIUTITYIM Ta YaCTOTH OCHOBHOI TapPMOHIKM BHUXIJHOI Hampyru ado
cTpymy iHBepTopa, a JIITY 3 AIH — 3agany popmy Buxinnoi Hanpyru [29] .

3rnamxyrounid pinsTp B AIH 3a3Buuaii ckinanaerses 3 LC-¢inprpa. Bunpsamoisy
BUKOPHUCTOBYETHCSI SIK KEPOBAHUH (TUPUCTOP), 1 HEKEPOBAHUH (101, SKIIO 3aBIaHHS

perynioBaHHs Halpyru 31icHIoeTbest B ATH.
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VY HamoMy BUNAQAKY B CHUCTEMI E€JEKTPONPUBONY 3PYYHUH y BUKOPUCTAHHI
HEKEPOBaHUIN BUIPSAMIISY 1 aBTOHOMHHMM I1HBEPTOpP HAIPYTd MPALIOE B PEKUMI
MUPOTHO-IMITyNTbcHOT  Moxyssarii  (IIIIM) BuxigHOi Hampyrw, B SKi MOXe
3MIIACHIOBATUCH PETYIIIOBAHHS SIK MIBUAKOCTI, TaK 1 MPUCKOpEHHs. Buxiguuit curnan
YaCTOTHOTO TIepETBOpIOBaYa SBJISIE COOOI TOCTIAOBHICTh IMIYJILCIB HAMpPyTH
MOCTIMHOT aMIUTITyId 1 TPHUBAJIOCTI, IIO 3MIHIOETHCS, KA TpPU I1HAYKTUBHOMY
HaBaHTaxeHHI (0OMOTKa craropa) GhopMye CTPyMU CHHYCOimalbHOI (opMmH, sKa
300paxkeHa Ha puc. 1.9.

Yacrora moxynsanii Mmae OyTH Ha MOPSAOK BUIIOK, HIK HaillOUIbIIA YacToTa
BUX1IHO1 Hanpyru. YacToTa BUX1AHOI HAIIPYTH BU3HAYAETHCSA 3@ JOTIOMOTOI0 CUCTEMHU
yOpaBiiHHSI. B 0cOOMMBHX BUIAAKaX B CXEMY CHJIOBHUX JIAHIIOTIB KPIM TOJIOBHOTO
BUMMKaUa, JIHIHHUX 3all001KHUKIB, TOJIOBHOTO KOHTAKTOpPA BKIIIOYAIOTHCS (UIBTP
€JIEKTPOMArHiTHOI CyMICHOCTI, KOMYTYIOUMH BXIJIHMA PEAKTOp, CUHYCOiNaJbHUN

(GLIBTP 1 BUXITHUN PEAKTOP.

A
U, 1

Hanpyra

Crpym

Pucynok 1.9 — Buxinnuii curaai nepeTBoproBavya 4acTOTH

[Mpunmmn aii Takoi cuctemu [TY-AJl momnsirae B TomMy, 110 3MiHa 4acToTH f)
KUBWJIBHOTO JBUTYHa Hampyru U; BIAMOBIIHO 10 BUpa3y KyTOBOI IIBUIKOCTI

wo = 21f1/p NPU3BOAUTD J10 il 3MiHM, 32 paxyHOK YOTO BUXOASTH PI3HI IITY4YHI

MEXaHI4HI XapaKTEPUCTUKHU.
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Jlana cuctema eNeKTPONPHUBOAY Ja€ MOXJIHUBICTH IJIABHOTO PETYIIOBAHHS
IIBUJIKOCTI B IIMPOKOMY Jiaria3oHi i1 3MiHH, a OJIEp)KyBaHI XapaKTePUCTUKH MalOTh
BHCOKY >KOPCTKICTb. [Ipy 4aCTOTHOMY peryiroBaHHI IIBUIKOCTI BTPATH MOTY>KHOCTI
BUSIBJISIFOTHCSL HEBeTUKUMH. [1iIcyMOK peryiroBaHHsI JIIHIMHOI IIBUKOCTI KOHBEEpa
TUM Kpalie, 1o OUIbIlIe MOMEHT XOJOCTOTO XOJy 1 IO OUIbIIE 3HUKYEThCS HOTO
MPOAYKTUBHICTH [29].

[TepeTBoproBau yactotu 3 AIH He 1ae MOXKIIUMBICTh IBOCTOPOHHBOTO OOMIHY
CHEPri€r0 MK MEPEXKEIO Ta EIEKTPOIBUTYHOM, TOMY 1110 B HbOMY BUKOPHUCTOBYETHCS
HeKkepoBaHu# BUMpssvistd. [Ipu reneparopHoMy raibMyBaHHI €HEPT s, IO BiAJAETHCS
JIBUTYHOM, PO3CIIOETHCS B €JIEMEHTaX 1IHBEPTOPA 1 pe3UCTOP1 rajIbMIBHOTO MPUCTPOIO,
AKUU  MIAKIIOYAE€TbCA O 1IMH  MOCTIMHOIO  CTPyMy 4epe3  KEepOBaHHIA
HaITIBIIPOBITHUKOBUM KITFOY.

Ko nns 301HCHEHHS PEXUMIB €IEKTPONPUBOAY BHUIIIHUNA OOMIH €HEPri€l0
MIXK Mepexero Ta ABUryHoM, JI1TY 3 AIH MicTsaTh 3amMicTh HEKEpOBaHOTO BUNIPSAMIIAYA
aKTUBHUM BUNPAMIIAY HANpyTu. BUNIPSMIISTY Ta IHBEPTOp Y TaKMX MEPETBOPIOBaYaX
BUKOHYIOTBCS 3@ CXEMaMH, 1110 301ratoThCs, K1 MpaiooTh y pexkumi LM [29].

BuxopucToByour akTUBHUIN BUIPSIMIISIY HAMPyTH, 3a0€3MeUy€E€ThCs] HE TITBKH
peKymnepaTuBHE rajlbMyBaHHS aCHHXPOHHOTO JBUTYHA, a i poO0Ta mepeTBoproBaya
YaCTOTH 13 33JJaHUM 3HAYEHHSIM KOE(Il1€HTA MOTY>KHOCTI.

HamiBnposinuukoBi mneperBoproBadi  vactotu (HIIY) cramm 3paskoBum
IPOMUCIIOBUM OOJIATHAHHIM aKTyaJIbHOT TEXHIKU EJIEKTPOIPUBOLY.

Po3pizusitoTs Taki Thnu cucteM ynpasiiHHsa HITY: ckansipHOro Ta BEKTOPHOTO
YIPaBIIiHHSL.

CucTeMu CKaJISIPHOTO YIIPaBIiHHSA € OUIbII TPOCTUMHU Ta BIJTHOCHO JCIIIEBUMH.
BoHu xapakTepu3yroThCsi HEBEITUKHUM Jiara30HOM PEryIOBaHHS MBHUAKOCTI (Bix 1:5
10 1:10) BITHOCHO HU3BLKUMU TOYHICTIO 1 SIKICTIO PETYJIIOBAHHS.

CucremMr BEKTOPHOTO YIPABIIHHS MOXYTh OyTH 31 3BOPOTHHUM 3B'A3KOM 3a
MIBUIKICTIO 1 6e3 Hei. BoHuM mBUaKO110Y1, SIKICHI Ta MAIOTh J11alla30H PETyIIOBAHHS

mBuakocTi 1:1000 ta Owreme. Jlo HEOONMKIB TakKoi CHCTEMH BIJHOCHTHCS
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HEOOXITHICTh BHUKOPHUCTAaHHS BOYIOBAaHOTO IBUTYHa a00 MpuOYyIOBAaHOTO AaTYHKA
MIBUIKOCTI.

Tak sik y HamIii MaricTepchbkiii poOOTI Ha CIIOTYYHOMY CTPIYKOBOMY KOHBEEPI
HE MOTpIOHE Take TOYHE PETYIIOBAHHS IMIBUJKOCTI, TOMY 3a OCHOBY BI3bMEMO
CKaJIsipHE KEpYyBaHHs, sIKE € OUIbII MPOCTUM METOIOM B YIIpaBIiHHI YacTOTHO-
pEryab0BaHOTO ACHHXPOHHOTO EJEKTPOINPHUBOAY. XoOua IpHU TaKOMY YMpaBiIiHHI
CIIOCTEPITraloThCsl HEBUCOKI MOKA3HUKHU SIKOCTI T4 TOYHOCTI PETyIIOBaHHS, YACTOTHI
MEPETBOPIOBAYl 3 TAKUM KEPYBaHHSIM MOXYTh 33JI0BOJIBHATH BCIM BUMOTAM JAaHOTO
TEXHOJIOT1YHOTO TIpoIIecy. [1es CKansipHOro 4acCTOTHOTO YIPABIiHHS MOJSTAE B TOMY,
IO JUJIS HIMPOTHO-IMITYJIbCHOTO TMEPETBOPIOBaYa 33Ja€ThCSl 4acTOTa Ta aMILTITya
BUX1HOI HampyTu. YacToTa MOXKe 3a/1aBaTHCs 3 MyJIbTa YIpaBIiHHSA a0 peryastopa
TeXHOJOT1yHOrO mapamerpa. HeoOxigHa aMIuliTyqa Hampyru € (PyHKIEI YacCTOTH.
[Ipu ckanmspHOMY yTpaBIIiHHI MOMEHT JIBHUTYHAa HE DPETYIIOETHCSA, a BU3HAYAETHCS
HAaBaHTKEHHSM. TOYHICTH PETyTIOBAaHHS MIBUIKOCTI Ta MIATPUMKHU ii Ha OIXHOMY
PIBHI HEBUCOKA.

[Ipn TakoMy 3aKOHI pEryllOBaHHS EJIEKTPONPUBOA MOXE MpairoBatu 0e3
3BOPOTHHOTO 3B'SI3KYy 3a MIBUIKICTIO 1 MaTU NPUPOJHY KOPCTKICTh MEXaHIYHUX
XapaKTEepPUCTUK B OOMEKEHOMY Jlama3oHl peryioBaHHs MBHAKOCTI. CkaspHe
KepyBaHHsSI MoOxke OyTu 3/1licHeHe 0e3 JAaTuMKiB MIBUJAKOCTiI, CTPyMIB Ta HAIpyT.
OpHak yci mepeTBOpIoBayl MICTATh NaTYMKW CTPYMY Ta HApyrH JUIsl 3a0€3MeUYeHHS
CEpPBICHUX, 3aXMCHUX Ta IHIMX JA0AATKOBUX (yHKUid. Jlatumk Hanpyru
BCTAHOBJIIOETHCS Y JIAHIT MOCTIHOTO CTPYMY, a IAaTYUKHU CTPYMY Ha BUXO/I1 IHBEPTOpa
y nBox (azax [16].

JIJIsl ONTUMabHOTO BUKOPUCTAHHS CJICKTPOJABUTYHA Ta OTPUMAHHS BHUCOKHX
SHEPreTUYHNX MOKA3HUKIB HOTo poOoTH (Koedili€HTIB MOTY>KHOCTI, KOPUCHOI JIii Ta
MepeBaHTaXXYBaJIbHOI 3/1aTHOCT) HEOOX1THO OIHOYACHO 3 YacCTOTOK 3MIHIOBATH 1
HaIpyTy, IO MiIBOAUTHCSA A0 ABUryHa. CMiBBiHOIIEHHS YacTOTH 1 HANPYTH, SIKe
HA3WBAETbCS 3aKOHOM YAaCTOTHOTO PETYJIIOBaHHS, BH3HAYAETHCA XapaKTEPOM

3QJIEKHOCTI MOMEHTY HaBaHTaKeHHS M BiJl IBUAKOCTI [16].
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JIJis CHOJIYYHOTO CTPIYKOBOTO KOHBEEpA B ACHHXPOHHOMY JBHUTYHI MpH
IOCTIHHOMY MOMEHTI HaBaHTaXeHHA Mc¢ = const Hampyra Ha CTaTopl IIOBHHHA

peryaroBaTHCs MPOMOPIIIHO A0 YaCTOTH 32 HACTYITHUM CHiBBITHOLIEHHM [16]:

% t (1.1)
— = const. .
fr

Taxkum unHOM, TIPU 3A1HCHEHH] YaCTOTHOTO PETYIIOBAHHS IIBHUIKOCTI IBUTYHA
NOBUHEH BHUKOPHCTOBYBATUCS TE€PETBOPIOBAY YACTOTH, SIKUH JO3BOJISIE TaKOX
peryjroBaTd Hampyry Ha CTaropi JBUTyHa B TeEBHiM mpomopuii. B ganmii uac

MPAKTUYHO BCi EPETBOPIOBAUl YACTOTH MAlOTh TaKy MOXJIUBICTb.

1.4 Po3paxyHOK NOTYKHOCTI ACHHXPOHHOI'O IBUI'YHA CTPiYKOBOIO

KOHBe€pa

Pyx cTpiuku KOHBeepa TEpeNaeThCs Bl ACUHXPOHHOTO JBUTYHa 4Yepe3
pPEAYKTOp Ta MPUBOAHUMN OapabaH.

Jl1s moyaTKy BU3HAYMMO BUXIAHI JaH1, HEOOX1IHI JIJIs1 PO3paxyHKiB:

THUII PEAYKTOpPA — YEPB'AUHHUI;

- 3yCWJUISA Ha IpuBoHOMY Oapabani, = 788 H ;
- JiHIMHA MBUIKICTG CTPIukH, v, =0,17 M/C;

- niaMeTp npuBogHOTO Oapabdana, Ds= 0,15 M ;

- nepeaaroyHe Yucio PeayKTopa, ir= 63 ;

KyT Haxuily KoHBeepa, y = 0°.
Jlami BU3HAYAE€THCSl HEOOX1/IHA MOTYKHICTh aCHHXPOHHOTO €JIEKTPOJIBUTYHA 32

TakuMu HOpMyJIaMu:

F,
PI-)J'[.,ELB. = EJ (1.2)

ne P ;— MOTYy>KHICTh, IO MTEPEAAE€ThCS BAJIOM MpUBOAHOTO Oapabana, B;
7 - 3aransHui KK/ enexrporpusony.
[ToTyx)HICTB, 10 TIEpPEIA€THCS BaJIoM OapabaHa MOXXKHA BUSHAYUTH, SIK:
P 3= Fv,, (1.3)
P3=788-0,17 =134 Br.
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3aranpHuii KK/ enekrponprBoy BUPaKaeThCs SIK:

N=7pNul 0l on, (1.4)
ne 1 p- KKJI gepB'ssunoi nepenaut, 7 «= 0,8 ;
1 - KKJI comyunoi mydtu, n v= 0,98 ;
71 na - KK/ mepeTBoproBaua 4acTtoTu, 1 nv = 0,97 ;
1 on - KK]I onop npuBoaHoTro Baiy, 1 on = 0,99 .

n=08-098-097-099 =0,753.

Tenep 00UUCIUMO MOTYKHICTH ACUHXPOHHOTO €JIEKTPOJBUTYHA 3a hopmysoro (1.2):

134
PBJ]_AB_ = m = 178 BT

O6"II/ICJ—HO€TI)CH qgacToTa 06epTaHHSI ACMHXPOHHOI'O ABHUI'YHA:
N engs. :n3ip; (15)

Je n 3— 4actora oOepTaHHs NMPUBOAHOTO Oapabana. Bu3HauaeThcs yacToTa

obepTaHHs IPUBOJIHOTO OapabaHa:

_ 60v,
B T[Dﬁ ’

n, (1.6)

60-0,17

"s=374.015

= 21,65 06/MuUH

Tomi wactora oOepraHHS acMHXpOHHOTo nBUryHa 3a ¢dopmynoo (1.5)

JIOPIBHIOBAaTUME:
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N enrgs. = 21,65 -63 = 1364‘ O6/XB.

MomMeHT Ha Baly IPUBOAHOTO ABUTYHA MOJKHA BU3HAYUTHU 32 (DOPMYIIOL0:

_FR

M_. 1]
ipM

(1.7)

ne R - Paaiyc npuBoaHoro 6apabana.

788 - 0,075
~ 63-0,753

= 1,246 H- ™M
Bubupaetbcss 3a goBimHMKOM [17] acCHMHXpOHHUN  €IIEKTPOJABHIYH -
4AA56B4Y3, NOTYXHICTD, P 240y - 0,18 kBT, cuaxponHa yactora odepranHs, n - 1500

00/XB.
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PO3I1JI 2 KOHCTPYKTOPCBKA YACTHHA

2.1 Po3paxyHOK MeXaHi4HOI XapaKTepuCTUKHU 32 4acToTi f o= 50 I'n

MexaHiuH1 XapaKTEPUCTUKH € 3aJICKHICTh YaCTOTH OOEpTaHHS poTopa BiJ
MOMEHTY Ha Baly. MexaHiuHI XapaKTepUCTHUKU BHUKOPUCTOBYIOTHCS IpPH aHaI3i
CTaTUYHHUX Ta IUHAMIYHUX PEKUMIB €JICKTPOIPUBO/Y.

Po3paxyHOK MpoBaguThCS 3a BIAOMUM METOJOM, SKHM B3SITMH 3 TEXHIYHOI
miteparypu [11]. Jlnsg BuBeAeHHS pIBHSHHS MEXaHIYHOI  XapaKTEPUCTHKHU
ACUHXPOHHOIO JIBUT'yHa MOTPIOHO 300pa3utu Koro I'-mopiOHy CHpolIeHy cxemy
3aMIIEHHS Y CTaTHYHUX pexkumax [11], mo 3006paxkeno puc. 2.1.

[Ipn paniii cxeMi 3aMILIEHHS KOHTYp HaMarHiuyBaHHS MiJKJIIOYAIOTh 10
3aTUCKauiB HAIIPYTH )KUBJICHHS, 1110 HE BHOCUTH ICTOTHUX 3MiH, SIK1 MOXKYTb BIUIUHYTH

Ha TOYHICTh PO3PaXyHKIB.

51 X1 R X2
=
~ YY) |;= Y Y
I S
Xo
Us
Ria/s I:
Ro
N

Pucynok 2.1 — CrporieHa cxema 3aMillleHHS aCHHXPOHHOTO JBUTYHA

Ha puc. 2.1 npuitasito Taki no3HadeHus: U ¢ — nepBuHHA Harpyra; | | - ¢pazuuit
cTpyM craropa; I' , — HaBeaeHuit cTpyM craropa; X |1 X' ; — IEpBUHHE Ta BTOPUHHE
HaBEJIEH1 PEaKTHBHI OMOPH po3citoBaHHS; R o1 X (- aKTUBHUMN 1 pEaKTUBHUUN OMIp
KOHTYpY HaMarHiuyBaHHS; S — KOB3aHHs ABUryHa; R 1 R';— nepBuHHE Ta BTOpUHHE

HaBEJICH1 aKTHBHI OTIOPH.
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Po3paxyHOK MpOBOAUTHCS B aOCONMIOTHUX BEIMYMHAX, OTXKE CJij] MPUBECTU
BIJIHOCHI [TapaMeTPH JBUTYHA J0 a0COMIOTHUX BEJIUYMH.

JIist po3paxyHKy MeEXaHIYHOI XapaKTepUCTUKH 3 JoBimHHMKA [17] OepyTbes
OCHOBHI TEXHIYH1 JIaH1 €JICKTPOJBUTYHA CIIOJIYYHOTI'O CTPIYKOBOTOo KOHBeepa (Tadl.
2.1).

Tabnuus 2.1 - [Tapamerpu acuaxponHoro asuryHa 4AA56B4Y3

[ToTyxHicTb P, kBT 0,18
Howminaneuuii ctpym [ 4 A 0,427
Hominansna Hanpyra U 4, 380
CHHXpOHHA IBUJKICTh OOEPTAHHS N 1 00/XB 1500
HominanpHa MBUAKICTE 00€pTaHHSA N, 00/XB 1366
['onoBHUM 1HAYKTUBHUH omip, X uomm 1,3
AxtuBHUH omip cratopa R o , BIAH.O1I. 0,18
PeaktuBHuit omip cratopa X jom , BIAH.OJ. 0,09
AKTHBHUH OMip POTOPA R20ms s BIAH.OI. 0,16
PeaktuBHUI ommip poTopa x2omm , BLAH.OJ. 0,17
Cos ¢ 0,64
KK, % 64
HomiHnanbHe KOB3aHHS S w0y , Y0 8,9
Kputnune KOB3aHHA S ;0 %0 50,5
BigHoIeHHsT TMOYAaTKOBOTO IYCKOBOTO MOMEHTY IO 51
HOMIHAJIBHOTO, M ;=M /M ’
BigHomeHHs: MiHIMaIbHOTO MOMEHTY JI0 HOMIHAJIBHOTO, s
m =M min/ M , ’
BigHoieHHs MAaKCUMaIbHOTO MOMEHTY /10 HOMIHAJIBHOTO, 55
m =M/ M, ’

JJist mo4aTKy BU3HAYUMO HOMIHAJIBHUN CTPYM €JIEKTPOJBUTYHA:
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I, = i (2.1)
! \/§UHCOS(pn' '
I = 0,18 10° = 0,668 A
"7 1,73-380:0,64-0,64 ,
Jlami Bu3Hagaemo 0a30BUM OIIp:
U
Rs =, (22)
Iy
Rs = 220 = 329,340
570668 CTEM

ne U o— ¢a3na Harpyra Mepexi, ska nopisHioe 220 B.
[ToMHOXkUBIIM HA Oa30BUI OMip aKTUBHI Ta IHAYKTUBHI OMIOPU AaCUHXPOHHOTO
JIBUTYHA Y BITHOCHUX OJUHUIISIX, 3HAUJIEMO iX 3HAUYCHHS B A0COMIOTHUX OIUHUIIAX.
Po3paxyHok 371licHIOBaTUMETHCS 3a popmynamu (2.3) ta (2.4):
anRnOTHR6r (23)
Xn=XnOTHR6r (24)
R1=R 1izaR 6= 0,18 - 329,34 = 59,28 Om,
X1=X 1sizuR6=0,09 329,34 = 29,64 Owm,

R’y = R'50maRs = 0,16 - 329,34 = 52,69 OM,

X'y = X'30mRs = 0,17 - 329,34 = 55,98 Om,
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Xu=XuomRe=1,3-329,34 =428,142 Om.

[Tpu mobynosi moneni [TY-AT y mporpamuomy cepenonuiili Matlab HeoOxinHi
OynyTh 3HAa4eHHS IHAyKTHBHOCTell cratopa L s , poropa L r i romoBHOTrO

1HAYKTUBHOTO onopy L . BuzHaunMo iX 3a Takoro 3arajbHO0 (GOPMYIOLO:

L =

X 5
= (2.5)

Jlami po3paxoByeMO 3HAUCHHS 1HAYKTUBHOCTEH 3a opmyroro (2.5):

X,
Le=—
S W,
—29’61—0188r
ST 157 H,
X',
L, =—=
R W,
_2598 _ 0,356 T
R=T57 =7 H
X
LR=_
. _428,142_2727F
W= gy T elel Il

OO6epToBUT MOMEHT ACHMHXPOHHOTO EJIEKTPOABUTYHA, 3TIAHO 31 CXEMOIO

BaMiH_IeHHH, BU3HAYA€THCA HACTYIIHUM BHUPA30M:
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3UZR'
M = i A . (2.5)
woS [(Ry +T2)2 + (X1 + X3)?

Jis  po3paxyHKy MexaHiyHOi XapakTepuctuku M = f(s) HeoOXigHO
3actocyBaT ¢opmyna Kiocca, ska xapakTepu3ye 3alleKHICTh MOMEHTY
ACHHXPOHHOTO JABUTYHA BiJ KoB3aHHs. Popmyny Kiiocca 3acTocoByroTh y BUNIaAKaXx,
KOJI BUKOPUCTOBYETHCS €IEKTPOTNPUBO/L 3 ACUHXPOHHUM JABUTYHOM. Kopucrtyrouucs
1iero GpopMyIioro, MOXKHa JIETKO MOOyIyBaTH Trpadik MexaHIYHOT XapaKTepUCTHKU,
MOCUJIAIOUMCh JIMIIE MacMOpPTHI JlaHi acMHXpoHHOro aBuryHa. ®opmyna Kiocca

BUITII A€ TaK:

_ 2Mi (1 + asy)

My, = :
A
243k 2asy,
Sk S

(2.6)

Benmnunna MakcHMManbHOTO (KPUTHYHOTO) MOMEHTY JABUTYHAa M i mpsMo
MPOTIOPIliiiHA KBAJpaTy HAIMpPYTH, II0 IMiJABOAUTHCS JI0 CTAaTOpa 1 BU3HAYAETHCS 3a

TaKow (GOpMYIIOH0:

3Us
M, = , 2.7)
2 I 2
20, [R1 +JRZ+ (X, + X'5) )]

1

3-2207?

M, =
T 2.157- (59,28 + /59,28 + (29,64 + 55,98)?)

=2,83H-m.

Kputnune koB3aHHS S k , NPU SIKOMY JBHIYH PO3BHBAa€ MaKCHMaJIbHUU

(KpUTHUYHUI) MOMEHT, PO3PaXOBYEThCS SIK:
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I
R';
Sk =

- i ’ (2-8)
VRE + (X1 + X'2)?

52,69
k =
/59,282 + (29,64 + 55,98)?2

S = 0,506.

KyToBa cuHXpOHHA MIBUIKICTH @ o PO3PAXOBYETHCS 3a TAKOIO (POPMYIIOL0:

mny

Wy = %; (29)

_3,14-1500

30 = 157 paa/c,

Wy

R,
a=— (2.10)

;7

2

59,28
52,69

a = 1,125

SAkio miacTaBUTH po3paxoBaHi mapametrpu M k, S k1 a 'y dopmyny (2.6)

OTPUMAEMO BHpa3 TMPHUPOAHOI MeXaHIuyHOI xapaktepuctuku M = f(s)
CJIIEKTPOABUTYHA!
y 8,881
A= 2
s+ 0,256
05065 + 1,125.

3HailieM0 HOMIHAJLHUIA MOMEHT JBUTYHA 3a (popmy:noro (2.6), miAcTaBUBILIN

B HET HOMIHAJIbHE KOB3aHHSA S 1oy ©

8,881

= 0,0892 + 0,256
0.506 - 0,089

M,

=1271H'™m

+ 1,125
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HominansHUM MOMEHTOM Ha3UBA€THCSA MOMEHT, 1110 BUHUKAE Ha BTy JBUTYHA
IIPU HOMIHAJIbHIN MOTY>KHOCTI Ta HOMIHAJIBHMX 000pOTax.
Jliia mepeBipku 00YMCIIeHb, HOMIHATBHIM MOMEHT MOKHA 3HAWTH 3a 1HILIOIO

(GbopMyI1I010 Ta OPIBHATH 3HAYCHHS:

PZHOM
M = 9570 - , 2.11
Hom nc(l - SHOM) ( )

0,18
1500 (1 —0,089)

M, = 9570 - =1,261H'mM

Takox HEOOX1THO 3HAWTHU ITOYATKOBHM ITYCKOBHMM MOMEHT aCHHXPOHHOTO

JIBUTYHA 32 TaKOIO (POPMYJIOI0, KOJIU KOB3aHHS S = 1 :

_ ZMk(]. + a,Sk)Sk
" 14521+ 2a)’

~2-2,83-(1+1,125-0,506) - 0,506
" 1405062 (1+2-1,125)

= 2,56 H' M

BaxxnuBo BpaxyBaTu, 00 MyCKOBHMI MOMEHT OyB OUIBIIMM 32 CTAaTUYHUI
MOMEHT HaBaHTAXEHHSI, MMIIKJIIOUYEHOTO 10 Baly JBUTYHA.

Jlnst moOymoBM TNPUPOTHOI MEXaHIYHOI XapakTepuctukun w = f(M)
PO3PaxXOBYIOThCS 3HAYEHHSI KyTOBOI IMIBUAKOCTI JUIsl 3aJaHUX BEJTMYMH KOB3aHHS 32

TaKoIo (HOpPMyIoI0:
W=wWo—wosS
3a1aounch BEIMYMHOIO KOB3aHHA Bif 0 mo 1 Bu3HaAUarOTHCS BIINOBIIHI

MOMEHTH ACHMHXPOHHOTO JBUTyHa 1 3HAY€HHS KYTOBOI IIBHJKOCTI, MICJIS YOrO

OTpUMaH1 3HAYEHHS 3aHOCATHCS B TAONUIIO 2.2.
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Tabmurs 2.2 - MoMEHT IBUTYHA Ta 3HAUYEHHS KyTOBOI IMIBUKOCTI JIJISl 9aCTOTH

fo=50Tn
S 0 0,089 0,1 0,2 0,3 0,4 0,506 | 0,6 0,7 0,8 0,9
M= M kx = M q
Mpu] O 1,391 | 2,192 | 2,608 | 2,792 2,815 | 2,748 | 2,66
1,271 2,832 2,56
w | 157 | 143,027 | 141,3 | 125,6 | 109,9 | 94,2 | 77,558 | 62,8 471 | 31,4 | 15,7

2.2 Po3paxyHOK MeXaHi4HOI XapaKTepucTUKHU 32 9acToTi f1=40 I'n

JUiss  po3paxyHKy IITYYHOI MEXaHIYHOI XapaKTEpUCTUKH AaCHUHXPOHHOIO

JIBUTYHA TIi] 4ac poOOTH 3 1HIIOK YaCTOTOIO, MOTPIOHO TMEepepaxyBaTH 1HIYKTUBHI

OIOPH CXEMU 3aMIIIEHHS JIJIS 33JJaHO1 YaCTOTH 3a TaKOIO (POPMYJIOHO:

X =

fe

Xe,

ne X — IHAYKTUBHHM OIMp CXEMU 3aMIIEHHS JIJIs 3a1aHO1

YAaCTOTH [ n;

(2.12)

f c— HOMIHAJIbHA YacTOTa KUBJICHHS acMHXpoHHOTO ABuryHa (50 I'm); X c—

IHAYKTUBHUH OMip Mpu HOMIHAJIBHIN yacToTi (50 I'1x).

Bu3Ha4ya€eMo iHAYKTUBHI ONIOPY ACUMHXPOHHOTO €JIEKTPOJIBUTYHA JJI YaCTOTH

1 =40 I'n 3a hopmyoro (2.12):

X

X'y

50

50

40
=—-——-29,64 = 23,712 OM

)

40
= —-55,98 = 44,784 Om

Ockinpku moTpiOHO 30epiratu 3akoH U/f = const , mepepaxoByeThCs TAKOK 1

Hampyra Mepexi 3a GopMyJor:
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Upn = 2 Uy, (2.13)

40
Upr = %-220 =176 B.

Buznauaemo MakcuManbHUN (KPUTUYHUI ) MOMEHT JABUTYHA 32 (POPMYIIOI0

(2.7):

3-176%

M, =
T 2.125,6- (59,28 + /59,287 + (23,712 + 44,784)2)

= 2,468 H-M

Kputuune xoB3aHHS S , po3paxoByeThes 3a hopmyrnoro (2.8):

~ 52,69
/59,282 + (23,712 + 44,784)?

S = 0,582

KyTtoBa mBuakicts 0 o po3paxoByeThes 3a OpPMYIIOL0:
wy =—, (2.14)

2-3,14-40
Wy = —————

= 125,6 pan/c
OTtpuMmyemMo BUpa3 INTY4HOI MeXaHIYHOI Xapaktepuctuku M = f(s)

ACMHXPOHHOTO JIBUTYHA, IM1JICTABIISIFOYN PO3paxoBaHi mapamerpu y hopmyny (2.6):

8,167

~ 52403387
0582 s

My

+ 1,31
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Jnsa 1noOynoBM INTy4yHOI MEXaHIYHOI XapakTepuctuku w = f(M)
PO3paxoBYIOThCS 3HAYCHHS KyTOBOI IIBUIKOCTI JUIS 3aJaHMX BEJIMYUH KOB3aHHS 3a
dbopmymoro (2.11).3amarounch BenmuunHOI KOB3aHHS Big 0 m0 1, BH3HAYarOTHCS
BI/IMOBIJTHI MOMEHTH AaCHMHXPOHHOIO JIBUTYHAa 1 3HAYEHHS KYTOBOi IIBUAKOCTI

(Tabmuus 2.3).

Tabmuisg 2.3 — MOMEHT IBUTYHA Ta 3HAYEHHS KyTOBOT IIBUAKOCTI JIJIsl 4aCTOTH

f1=40Tn
S 0 0,1 0,2 0,3 0,4 0,5 0,58 | 0,7 0,8 0,9 1
MK = M _
M0 1,19 1,789 | 2,169 | 2,365 | 2,45 | 2,467| 2,442 | 2,393 | 2,331 5 2H62_
w | 125,6 | 113,04 | 100,5 | 87,9 | 75,36 | 62,8 | 52,75 | 37,68 | 25,12 | 12,56 [ O

2.3 Po3paxyHok MexaHi4YHOI XapakTepucTuKH 3a 4acToTi f 2=30 I'n

Bu3zHauaeMo 1HAYKTHUBHI OIIOPU aCUHXPOHHOTO JIBUTYHA JIJIsl YaCTOTH

f,=30TI13a dopmymnoro (2.12):

30
X, = <0 29,64 = 17,784 Om,

30
X', =—=—-55,98 = 33,588 Om

50 :
[TepepaxoByeThcst HanpyTa 3a hopmyioro (2.13):

30
Upz = 0 220 =132 B.

Buznagaemo MakcuManbHUN (KPUTUYHHI ) MOMEHT JABUTYHA 32 (DOPMYIIOI0

(2.7):




M

31322

 2.942-(59,28 + /59,282 + (17,784 + 33,588)2)

Kputrnune koB3aHHA S k pO3paxoByeThes 3a popmysoro (2.8):

Sk

52,69

- /59,282 + (17,784 + 33,588)2

= 0,672

KyTtoBa mBuakicts 0 o po3paxoByeThbes 3a popmyioro (2.14):

Wy

_2-3,14-30

OTpumyeMO BUpa3 MITY4YHOI

= 94,2 pan/c

MEXaH1YHO1

XapakTepuctuku M

39

=2,015H'™m

= f()

ACMHXPOHHOTO JIBUTYHA, IM1JICTABJISIFOYM PO3paxoBaHi napameTpu y popmyimy (2.6):

7,074

My =75 0481
06725

+ 1,512

Jlnis moOynoBy MITy9HOT MEXaHIYHOI XapakTepucTuku w = f(M) po3paxyemo

3HAYEHHS KyTOBOI MIBUIKOCTI JUISI 3aJIaHUX BEJIUYMH KOB3aHHA 3a Gopmyioro (2.11).

3amarounch BEIMYMHOIO KOoB3aHHS Bijg 0 10 1, BU3HAYAIOTHCS BIJIOBIIHI MOMEHTH

CJICKTPOABUTYHA 1 3HAYEHHS KyTOBOI MIBUAKOCTI (Tabmuis 2.4).

Tabmuus 2.4 - MOMEHT BUTYHA Ta 3HAYEHHS! KyTOBOT IIIBUKOCTI JIJIsl YACTOTH

f2=30Tn
S 0 0,1 0,2 0,3 0,4 0,5 0,6 0,67 0,8 0,9 1
Mk = M]'[:
M0 0,844 | 1,369 | 1,686 | 1,868 | 1,965 | 2,007 1,997 | 1,966
2,015 1,926
w | 94,2 | 84,78 | 75,36 | 65,94 | 56,52 | 47,1 |37,68 | 31,086 | 18,84 19,42 |0
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2.4 Po3paxyHOK MeXaHIYHOI XapaKTepPUCTUKHU 3a yacToToro f3=20 I'n

Bu3nagaemo iHI[yKTI/IBHi OIIOPH ACHHXPOHHOI'O IBHUI'YHA IJIS1 YaCTOTH

f3=20T1 3a popmysoro (2.12):

20
X, = 0 29,64 = 11,856 OM

20
X'y = o 55,98 = 22,392 Om

[TepepaxoByeThcst Hanpyra 3a hopmyioro (2.13):

20
Up3 =30 220 = 88 B.

Buznauaemo MakcumanbHUN (KpUTUYHHMKM ) MOMEHT JIBUTYHA 3a hopmysioro (2.7):

3 - 882
M, = =1,448H- ™M
2-62,8-(59,28 + /59,282 + (11,856 + 22,392)?)
Kputnane KoB3aHHS S 1 pO3paxoByeThes 3a hopmysnoro (2.8):
52,69
S = =0,77
/59,282 + (11,856 + 22,392)2

KyTtoBa mBuakicts 0 o po3paxoByeThes 3a hopmysnoro (2.14):

2-3,14- 20

Wy =——"F = 62,8 pag/c

OTpuMmyemMO BHpa3 INTY4YHOI MeXaHIYHOI XapakTepuctuku M = f(s)

ACMHXPOHHOTO JIBUTYHA, IM1JICTABJISIIOYM PO3pax0oBaHi napamerpu y hopmyny (2.6):
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y 5,403
A~ $240,5929
077 5 + 1,7325.
Jnsg noOymoBH IITYy4HOI MEXaHIUYHOI Xapakrtepuctuku w = f(M)

PO3paxoBYIOThCS 3HAUCHHS KYTOBOI IIBHJIKOCTI JUIS 3a/IaHUX BEJIMYHMH KOB3aHHS 3a
dbopmymoro (2.11).
3a1ar0unch BEJIMYMHOIO KOB3aHHS Big 0 1o 1, BU3HAYarOTHCSA BiAIIOBIAHI

MOMEHTH aCHHXPOHHOTO JBUTYHA 1 3HAYE€HHS KyTOBOI MIBUAKOCTI (Tabmuus 2.5).

Tabmuns 2.5 - MoMeHT JBUTyHA 1 3HAUCHHS KyTOBOI IIBUAKOCTI JJIsl 9aCTOTH

f3=20T1

s |0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,769 | 0,9 1

MKk =
Mgl 0 0,565 10,924 | 1,152 | 1,293 | 1,377 | 1,423 | 1,444 | 1,447 | 1,438

w | 62,8 | 56,52 | 50,24 | 43,96 | 37,68 | 31,4 | 25,12 | 18,84 | 14,507 | 6,28 | 0

Ha puc. 2.2 300pakeH1 MeXaHIYHI XapaKTEPUCTUKU ACUHXPOHHOIO JBUTYHA
IIPY YaCTOTHOMY PETYJIIOBaHH1 MIBUKOCTI MIPH 3aKoH1 kepyBauHs U/f = const nns
HactynHux 4yactot: 50, 40, 30, 20 I'x.

Ha MantoHKy HAa0OYHO BHJIHO, 1110 31 3MEHIIIEHHSM YaCTOTH 1 HAIIPYTH KUBJICHHS
3MEHIIYETHCS KyTOBa MIBUIKICTh 1 KPUTUYHUN MOMEHT, OTK€ BiJ0yBaTUMEThCS
3HIKEHHSI TIEpeBaHTaXKyBaJIbHOI 3MaTHOCTI ABUTYHA.

Le nosicHIO€ThCS BIUIMBOM MaAIHHS HAIIPYT'H Ha aKTUBHUX OIOpax craropa. ¥
CY4acHHX €JIeKTPONPHUBOAAX € KOMIIGHCAIlisl TMaiHHS Hampyrd TPU HUZBKUX
MIBUIKOCTSIX, CTYIIHb $IKOT MOXXHA PETYJIIOBAaTH. 3a3BUYail 30UIbIIEHHS HANpPyTH
cranoBuTh 510% Big Hampyru, HeoOXiaHOT 3a 3akoHoM U/f = const .

3a0e3neueHHsT HEOOXITHOTO IYCKOBOIO MOMEHTY OCOOJMBO HEOOXigHE Y
cucremi [TU-A]J], ockinbku Tpeba BpaxoByBaTl MaKCUMaJIbHHUM CTPYM, JOMYCTUMUMA

JIJIs. HOpMasibHO1 poOoTH 1HBepTOopa [11].
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0 0,5 1 M 1,5 2 2,5 3
H
M, H-m

Pucynok 2.2 — MexaHniuHi xapakTepucTuku AJl mpy 4aCTOTHOMY PeryJtoBaHH1

[I1o6 miABUIIUTA MYCKOBHM MOMEHT, HEOOXIJIHO 30UIbIIYBaTH IMOTY>KHICTbH
NEePEeTBOPIOBayYa, M0 CHPUYUHHUTH HECTIHKY poOOTy eneKTpoABHryHa. SKIio,
N1JBUIIMBILIY MOTYXHICTh, HE BJAETHCA OTPUMATU HEOOXITHUMN MyCKOBUI MOMEHT,
Tpeba MIJBUIYBAaTH SK IMOTYXHICTh MEPETBOPIOBAYAa YACTOTH, TaK 1 MOTYXHICTh
ACHHXPOHHOTO JIBUTYHA.

Kommnencariss manmiHHsS Hanpyrd Ha akTUBHUX omopax craropa (IR-
KOMIICHCAITis1) 3aCTOCOBYEThCS Yy OUIBIIOCTI CyYacHMX TIE€peTBOpIOBadax 3i
CKQJIIPHUM  YIPaBIIHHSAM, 10 € BaXIUBUM TIPU TMOCTIHHOMY MOMEHTI
HaBaHTaXeHHA. [Ipu wmamiii MBUAKOCTI JBUTYHA 1 HOMIHAJIBHOMY MOMEHTI
HaBaHTa)XCHHS YaCTKa HAMPYTH, 110 IPUIAAE HAa aKTHBHI OMIOPU CTATOPa, HACTLIBKH
BEJIMKA, 1110 YaCTHHA HAMpPYTH, 110 3aJUIIUIIACA, 1[0 CTBOPIOE MAarHITHUM MOTIK, HE
3a0e3reuye HEOOX1HY MepeBaHTaXyBajJbHY 37aTHICTh. ToMy B Jiama3oHi mManux
JacTOT CJiJ BIIXOMWUTH Bia 3aKOHY yrpaBiiHHSA 1/1 , anpOKCUMYIOYH 11 KiTbKOMa
Bizlpi3kamu mipsmux . Lleit MeTon 103BoJisle KOMIIEHCYBATH TMAJIHHS 3AaTHOCTI 10
nepeBanTaxeHHs. Mertox IR-xkommeHcanii € npuOIM3HUM, HE BpaxoBye
O0COOJIMBOCTEW KOHKPETHOTO MexaHi3my. [Ipu Horo BHKOpUCTaHHI 1HOMI BUHUKAE
NEPEeKOMIICH ALl , sIKa MPU3BOIUTH JO BEJIMKHX KHJAKIB CTPyMy i 4Yac IycCKy

nBuryHa [12].
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KoB3anHsi BH3HAua€ PI3HUII0 MK KYTOBOIO IIBHJAKICTIO Bajy JABHUTyHa 1
KyTOBUM YacTOTOIO HANpPYyrd >KMBJICHHSA. [HOAI MOTpiOHO 3abe3meyuTd podoTy
MeXaHI3My 13 3aJaHOI0 BpYy4HY WIBUAKICTIO. [Ipy TakoMy 3aBIaHHI MOXKHA 3a/1aTH
TIIBKW YacCTOTY HAIPyIH >KUBJIEHHS, a KyTOBa 4acTOTa JABUIYHA BU3HAYaTHMEThHCS
HOro HaBaHTAKEHHSM.

[Tpu HOMIHANIBHIN YaCTOTI HANPYTH >KUBJICHHS KOB3aHHS CTAHOBHUTH OJMU3BKO
3%, TakuM 3HAUYEHHSAM MO)KHa 3HEXTyBaTH. [Ipu 3HMIKEHHI 4YacTOTH HaNpyru
YKUBJICHHS BEJIMYMHA KOB3aHHS 3pOCTa€ Ha3a/1 MPOMOPIIIHHO Il YaCTOTI 1 HEXTYBaTH
HUM BXE€ HE MOXKHA, TOMY B TEpPETBOPIOBAYaX 31 CKAISIPHUM YyHIPaBIIHHAM
BHUKOPUCTOBY€ETHCS KOMIIEHCALll KOB3aHHS, SIKa 3aCHOBaHa Ha 30UIBIICHHI YaCTOTH
HaIpyT'y )KUBJICHHA B MOPIBHAHHI 3 33JJaHOIO.

HaliGinpm mpocTuii Ta MOMMPEHU METOJ Takoi KOMIEeHcallli 0a3yeThCcsl Ha
JHIAHIA arpoKcuMallii pooo4oi IUITHKY MEXaHI4YHO1 XapakrepucTuku AT Ta omiHmi

MOMCHTY HaBaHTAKCHHS 3a BI/IMipHHI/IMI/I 3HAaYCHHAMU CTPYMiB.

2.5 Mexaniuni xapakrepuctuku II9-A/l npu 30epexeHHi cTajocTi

NnepeBaHTAKYBAJbHOI 31aTHOCTI

Jist Toro, mo0 poOoTa aCHHXPOHHOTO JIBUT'YHA Ta €JIEKTPONPHUBOAY B LIJIOMY
Oy7a HaIIITHOIO Ta KOPOTKOYACHI MEPEBAHTAXKEHHS HE BUKJIMKAJIM 3yIIMHOK JIBUTYHA,
HeoOX1Ha HASIBHICTh MEPEBAHTAXKYBAIbHOI 31aTHOCTI

[lepeBaHTa)XyBaJIbHOIO 3[ATHICTIO ACHHXPOHHOTO JBUTYHA Ha3HBA€THCS
BIJIHOIICHHS] MAaKCUMAJIbHOTO MOMEHTY M max 1O HOMIHATBHOTO M yow .

Jlns Toro, moO JOCHIIKYBaTH BJIACTUBOCTI ACHMHXPOHHOTO JIBUTYHA IMpHU
YaCTOTHOMY DETYJIOBaHHI, TMOTPIOHO BUKOPUCTOBYBaTh T-momiOHY cxemy
3amineHHs [ 11], sika 300pakeHa Ha puc 2.3.

3a OCHOBY [JIi PO3PaxXyHKIB CKOPUCTAEMOCS BIJOMOIO TEXHIYHOIO

JITEPaTyporo 3 enekrponpuBoy [11].
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Pucynok 2.3 — Cxema 3aMilleHHSI aCHHXPOHHOTO ABUTYHA IIPH YaCTOTHOMY

peryiatoBaHH1

IcHye Tpu OCHOBHI NapaMeTpu MpU YACTOTHOMY PETYIIOBaHHI:
a) BIJHOCHA YacTOTa CTATOpa , IKa BU3HAYAETHCA K

BIJIHOIICHHS YaCTOTH cTaTopa f 110 11 HOMIHAJIBHOI YaCTOTH [ 1x:

_N
le.

0) mapameTp aOCOJIOTHOTO KOB3aHHS , SIKUM BU3HAYAETHCS SIK BIJHOIICHHS

a (2.15)

aOCOJIIOTHOTO KOB3aHHS Aw 10 CHHXPOHHOI IIBUIKOCTI NP HOMIHAJIBHIN 4acTOTI :
f 1n -
Aw  w;—w  f

le le le.

(2.16)

Jlanuii mapameTrp BHUKOPHCTOBYETHCS 3aMICThb BEJIMYMHU KOB3aHHSA S 1

BU3HAYAETHCS TAKOIO (DOPMYIIOIO:

_bdw_ fofin _B
S_wl fifin @ (217)

B) BIJTHOCHA Hampyra, 0 BU3HAYAETHCS (POPMYJIOLO:



45

y=—. (2.18)

[Ipu wacroTHOMYy ympaBiiHHI 3a 3akoHOM U/f = const abo y = a mpu
3HIJKEHHI YacTOTH 3MEHIIYEThCS MAKCUMaJIbHUH MOMEHT JBUTYHa, TOMY
3MEHIITYETHCS JKOPCTKICTh MEXaHIYHHMX XapaKTEPUCTUK, 30UIBIITYIOTHCS BTpPATH B
JIBUTYHI, OTK€ HAJIIMHICTH MMaJIa€ 3-3a 3MEHIICHHS 30BCIM HE 3aITyCTUTHUCH.

[Ipu He3MmiHHOMY MapameTpi aOCOJIIOTHOTO KOB3aHHS , SIKIO 3HUKYETHCS
4acToTa, TO B3HIDKYETHCSA 1 TOTIK JBUTyHA. Take SBHUIIE MOXKHA TOSCHUTH
CHIBBIJIHOIIEHHSI MDXK TIOCTIMHMM aKTHUBHUM OIIOPOM CTaropa Ta IHIIUMHU
€KBIBAJICHTHUMH OMOPAMHU, SIKIIIO PETYTIOETHCS YaCTOTA.

Ha BenmnumHy MOTOKY 1 MOro xapakTep 3a 3MIHM YacCTOTH CUJIBHO BIUIMBAE
BUIJISA]] 3aKOHY PETyJIIOBaHHS Hampyrd. J[o MarHiTHUX TOTOKIB B aCMHXPOHHOMY
JBUTYHI MOXKHAa BIJHECTH: MOTIK CTaropa, MOTIK pOTOpa, MOTIK MarHITHOTO
pO3citoBaHHSI 0OMOTKHU CTaTOPa, MOTIK MarHITHOTO PO3CIFOBaHHS POTOPHOI 0OMOTKH,
KOPUCHUH MOTIK poTOpa.

[Ipu 3aKoHI perytOBaHHS Y = & MOTIK BU3HAYAETHCS HACTYITHOIO (POPMYIIOIO:

U, 1
Ry
aZ(PB)

o, R (2.19)

Z(B)

lelH 1_|_ _|_j

AHamizyoun 10 GopMyily, MOKHA CKaszaTH, 110 MPHU MOCTIMHOMY KOB3aHHI
MOTIK 1 MOMEHT JIBUTYHA 3MEHIITYIOTHCSI B MIPY 3HM)KEHHSI YaCTOTH.
MakcumanbHUI MOMEHT JIBUTYHA TIPU 3aJIaHIi 4acTOTI, KOJU Y HE 3aJIeKUTh

BiJl [} BUPAXKAETHCA SIK:

302 1
=——y2 . (2.20)
201 Rya ++/(b? + c2a?)(d? + e2a?)

Mka
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SIKII0 MPUPIBHATH BIAHOIICHHS MaKCHUMaJbHUX MOMEHTIB IIPU HOMIHAJIBHIN 1

3aaHit 4actoTi M ke = M ks , TO MOXHA OTPUMATH 3aKOH, 3a SKUM Oyje

pETyIII0BAaTUCS HAIIPYTa:

_ Ria +/(b? + c2a?)(d? + e2a?)

(2.21)
Ry ++/(b% + c2)(d? + d?)
B nanomy Bunaaky
b=Ri(1+712),
c=Xu'T,
R
d=—
Xy
e=14+711, (2.22)
T, = X#
— XIZ
T, = X#

T=T1+7T2+ 7172,
7€ T 1 Ta T 2— KoeiII€EHTH PO3CIFOBAHHS JJIsl CTaTOpa Ta pOTOpa; T
— 3arajbHUN KO€(PILIEHT PO3CIOBAHHS.

3pobumMo po3paxyHOK JijIsi HOMiHAIBHOI yacToT f o = 50 1y .

3Hali1eMo BIIHOCHY 4acTOTy cTaropa a 3a ¢popmynoro (2.15):
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50

azﬁz

1

Jani Bu3Hagaemo iHI koedimieHTH 3a popmyoro (2.22):

b=59,28-(1+0,1307) =67 Om,

c=1,3-329,34-0,2087 = 89,35 OMm,

0,18
d =——=0,1385

e=1+0,069=1,069,

7=0,069 + 0,1307 + 0,069 - 0,1307 = 0,2087.

Tomi BU3HAYA€EMO 3aKOH, 3a SKUM PETryJIIOBaTUMEThCS Hampyra 3a (opMysIoro

(2.21):

_ Ria+ \/(bz + c?a?)(d? + e?a?) _q
R, + /(b2 + c?)(d? + e?)

BusznauaeMo MakcuMajdbHUM MOMEHT JABUTYHA TIpU 3aJlaHiii 4acToTi 3a

dbopmyioro (2.20):

~3-220? 1
2-157 59,28 + /(672 + 89,352)(0,13852 + 1,0692)

ka =28H'm
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[Ipu 3MeHIEHHI HaBaHTAXKEHHS, W00 mnpuOpaTH 3pPOCTAHHS IOTOKY
BUKOPHCTOBYIOTH JTOJJATKOBE PETYIIOBaHHS (YHKI[I1 HABAHTAXCHHSI MTPOIIOPIIIHHOTO
Vi

VY takoMy pasi MpH 3aJaHiil 4acTOTI KPUTUYHE KOB3aHHS HE 3MIHIOETHCS, a
NepeBaHTaXyBabHa 3aTHICTh 30€pIiracThCsl HE3MIHHOIO 3a OYIIb-SKO1 3aJI€KHOCTI
Bim 1.

MexaHquy XApaKTCPUCTHUKY AaCHMHXPOHHOI'0O IBUT'YHA MOKHA OIIMCATH TAKOIO

dbopmyIot0:
Mg = 2Mya 1; W@ (2.23)
5o+ 5 +2a(@pBy

ne q(a) — xoedIIlieHT, IKUi 3aJIeKUTh Bijl TapaMeTpiB IBUTYHA Ta YaCTOTH;
P k— KpUTHUYHE KOB3aHHSI.

Koedimient q(a) moxHa 3HaiTH 3a popmymnoro:

Ria
R',(d? + e%a?)’

q(a) = (2.24)

SKmo KoMIIEHCYyBaTH NaAiHHS Hampyrd Ha aKTHUBHOMY ONOpl CTaropa,
PETYIIIOI0UH HAMPYTY K (YHKIIE€I0 YaCTOTH, a i KOB3aHHSM, MOYKHA BUKJIFOUUTH HOTO
HETaTUBHUM BIUIWB.

VYrpaBiiHHS 3 KOMIEHCALIEIO MMaIHHS HAlIPYTH aKTUBHOMY OIOP1 CTaropa Bij
CTpyMy HaBaHTA)KEHHS 3 OJHOYACHUM PETYJIOBAaHHSM Hampyrd (QyHKLII MOMEHTY
HABAHTAXKEHHS € HAUMOIKUPEHIIIUM CIIOCOOOM.

3a Takoro peryiaroBaHHS MOXKHA OTPUMATH PEKUMHU, OJIU3bKI O HOMIHAJIbHUX.
Tomy moxHa mimiOpaTul Takuil 3aKoH perymioBaHHs y(a, ) , IpU SKOMY TMOTIK
JIBUTYHA 3MIHIOBATUMETHCA BIJl YaCTOTH Ta KOB3aHHS 32 IEBHOIO 3aJIEKHICTIO.

Heo0xiaH0 3HANTH KpUTHUYHE KOB3aHHS:
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R',

= , (2.25)
) \/Rf + (X + X'5)?

_ 52,69 _
/59,282 + (29,64 + 55,98)2

B 0,5.

Hani OynyeMo MeXaHIUHY XapaKTEpUCTUKY 3a TakuMu (opMmyramu Ta

3aHOCHUMO JIaH1 10 Tabmumi 2.6:

ZMka
Ma(ﬁ) = B B

Br B

(2.26)

W=w1n—w1f.(2.27)

Tabnuus 2.6 - MOMEHT JIBUTYHA Ta 3HAYEHHSI KyTOBOI IIBUJIKOCTI JIJIsl 4aCTOTH

fo=50In
B |0 0,1 0,2 0,3 0,4 0,506 | 0,6 0,7 0,8 0,9 1
Mk = M =
0 1,084 | 1,944 | 2,488 | 2,751 2,773 | 2,667 | 2,534 | 2,394
2,819 2,256

M o
w | 157 | 141,3 | 125,6 | 109,9 | 94,2 | 77,558 | 62,8 | 47,1 | 31,4 | 15,7 |0

3po6uMo po3paxyHoK it gactotw f 1 =40 I'y .

3HaliieMo BIIHOCHY YacTOTy cTaropa a 3a ¢popmynoro (2.15):

40

Cr:%:

0,8

Jlami BU3HAYMMO 1HII KOS(DIIIEHTH:

b=59,28- (1 + 0,104) = 65,44 Owm,

c=1,3-329,34-0,1647 = 70,5 Om,
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e=1+0,055=1,055,

e
=272 _ 0,085
T I
=210 h104
T = 1'3 — Y )

7=0,055+0,104 + 0,055-0,104 = 0,1647.

TOIIi BH3HAYa€MO 3dKOH, 3d dKUM PCI'YJIFOBATUMCTLCA HAIIpyTra 3a Q)OPMYJIOI-O

(2.21):

59,28 0,8 +/(65,44% + 70,52 - 0,8%) - (0,1385% + 1,0552 - 0,82)
59,28 + /(65,442 + 70,52) - (0,13852 + 1,0552)

14 =0,771

BusznauaeMo MakcuMajabHUM MOMEHT JABUTYHA TpU 3aJlaHiii 4acToTi 3a

dbopmyroro (2.20) 1 3aHOCUMO 3HAYCHHS TaOIHITIO 2.7:

M 3-220° 0,7712
=———-"0, »
ka = 2.125,6
X ! =
59,28 - 0,8 + /(65,442 + 70,52 - 0,82) - (0,13852 + 1,0552 - 0,82)
—2832H M

Jani OynyeMo MeXaHIYHY XapakTEpPUCTHUKY 3a TAKUMHU (HopMynamMu

(2.26 Ta 2.27).
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Tabmuus 2.7 - MoMeHT ABUTYHA Ta 3HAUEHHS KyTOBOI LIBUAKOCTI JIsl YaCTOTH

f1-40Tn

g 10 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

MKZ Mr[=

M. 0 0,945 | 1,74 | 2,306 | 2,643 | 2,799 2.83 2,784 | 2,694 | 2,58

w |125,6 | 113 100,5 | 87,9 | 75,36 | 62,8 | 50,24 | 37,68 | 25,1 | 12,56 | 0

3pobumo po3paxyHok st yactotu 2 = 30 Iy .

3HaiiieMo BIJIHOCHY YacTOTy cTaropa a 3a popmysnoro (2.15):
30

(;{:%:

0,6

Jlani BUBHAYMMO 1HII KOE(ILIEHTH:

b=59,28-(1+ 0,078) = 64 Ow,
c=1,3-329,34-0,123 = 52,66 Om,
e=1+0,0415=1,0415,

. =29 _ 00415
T R
0,102
T = 00415 + 0,078 + T2 =5 = 0078 0,0415-0,078 = 0,123.

Tomi BU3HAYa€EMO 3aKOH, 3a SKUM PETryJIIOBAaTUMEThCS Hampyra 3a (popMyIioro

(2.21):

59,28 0,6 + /(642 + 52,66 - 0,62) - (0,13852 + 1,04152 - 0,6)

= 0,547
59,28 + /(642 + 52,662) - (0,13852 + 1,04152)

14

BusznauaeMo MakcuMajabHUM MOMEHT JABUTYHA TIpU 3aJaHiii 4acToTi 3a

dbopmyroro (2.20) 1 3aHOCUMO 3HAYEHHS TAOIHITIO 2.8:
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M 3-220° 0,5472
= -0, X
ka = 9.942
X ! =
0,18 0,6 +/(0,1942 + 0,162 - 0,62) - (0,13852 + 1,04152 - 0,62)
=2838H M

Jaii 6ynyeMo MeXaHIuHy XapaKTepUCTHKY 3a TAKUMH (popMmyraMu

(2.26 Ta2.27).

Tabnus 2.8 — MOMEHT ABUTYHA Ta 3HAYEHHS KYTOBOI IIBUKOCTI JIsl YACTOTH

f2=30Tn
B 10 0,1 02 (03 |04 |05 |06 ]067 |08 09 1

Mk =
0 0,826 1,55 | 2,112 | 2,494 | 2,718 | 2,819 | 2,838 | 2,795 | 2,721 12W627_

w | 94,2 | 84,78 | 75,36 | 65,94 | 56,52 | 47,1 | 37,68 | 31,086 | 18,84 | 9,42 |0

3pobumo po3paxyHok it yactotd f 2 = 20 I'y, .

3HaliiIeMo BIIHOCHY YacTOTy cTaropa a 3a popmynoro (2.15):
20

a:%:

0,4

Jlani BUBHAYMMO 1HIL KOE(ILIEHTH:
b =59,28- (1 + 0,052) = 62,36,
c=1,3-329,34-0,081 = 34,68,

e=1+0,0277 =1,0277,

0,036
e T = 1,_3 = 0,0277’
0,068
T, = T - 0,052'

t=0,0277 + 0,052 + 0,0277 - 0,052 = 0,081.
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Tomi BU3HaUa€MO 3aKOH, 33 KM PETYIIOBAaTUMEThCS Harpyra 3a (OpMyIIOo

2.21):

59,28 0,4 + /(62,367 + 34,682 - 0,42) - (0,1385% + 1,0277%-0,42) _

59,28 + /(62,362 + 34,682) - (0,13852 + 1,02772)
= 0,355.

|4

Busnayaemo MakcMMalbHUA MOMEHT JBHUTYHA MpH 3a3JaHiii 4acToOTi 3a

dbopmyroro (2.20) 1 3aHOCHMO 3HAYCHHS TaOIHITIO 2.9:

M 3-220° 0,3862
= U, X
ke = 5.62,8
X ! =
59,28 - 0,4 + +/(62,36% + 34,682 - 0,42) - (0,13852 + 1,02772 - 0,4%)
—=2833H- M.

Hani OynyeMo MEXaHIYHY XapaKTEPUCTHKY 3a TAKUMHU (pOpMyIamMu

(2.26 Ta 2.27).

Tabmunsg 2.9 - MOMEHT JIBUT'YHA Ta 3HAYEHHSI KyTOBOI IITBUJIKOCTI JIJIS1 YaCTOTH

f3=20Tn

g 10 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,769 | 0,9 1

Mk = Mr[=
0 107231378 | 1916|2317 | 2,588 | 2.747 | 2.82 2,798
M . 2,833 2,738

w | 62,8 | 56,52 | 50,24 | 43,96 | 37,68 | 31,4 | 25,12 | 18,84 | 14,507 | 6,28 | O

Otpumani xapakrepuctuku yactot 50, 40, 30 1 20 300pakeHi Ha puc. 2.4.
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180

160

140

120

100

w, paa/c

80

60

40

20

Pucynok 2.4 — Mexaniuni xapakrepuctuku [TH-AT nipu cranocrti

HepeBaHTa}KYBaJIBHO.I. 34aTHO CTI

Ax BugHO 3 puc. 2.4, I MIATPUMKH JOCTaTHbOI NEPEBAHTAXKYBAJIbHOI
3MaTHOCTI Y BChOMY Jiama3oHl PEryJIOBaHHS HEOOXITHO MPU MaJIMX YacTOTax
3MEHILYBaTH HAMPYTy MEHIIOK MIPOIO, HI’K 3HHKYETHCS 4YacTOTA.

[Ipu 1bOMy CHOCTEpIraTUMETHCS OMHAKOBUNM MaKCUMaIbHUN (KPUTHUHHIN)

MOMEHT Y BCbOMY J11alla30H1 PETryIIOBaHHS YacTOT.
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PO311JI 3. PO3PAXYHOK ITAPAMETPIB TA EJIEMEHTIB

CUJI0OBOI CXEMHU NEPETBOPIOBAYA YACTOTH

3.1 Po3paxyHok Ta BUOIp CHJIOBHX eJIEMEHTIB iIHBepTOpa Ta BUIIPAMJIAYA

Ha puc.3.1 300paxkeHo cxemy JBOJAHKOBOTO TepeTBoproBada yactotu (1Y)
JUIS KWBJICHHS ACHHXPOHHOTO JBUTYHAa 3 KOPOTKO3aMKHEHUM pPOTOpoM. JlaHwii
MEpPETBOPIOBAY YAaCTOTU CKJIAJA€ThCsl 3 HekepoBaHoro Bunpsmisiya (HB),
aBTOHOMHOTO iHBepTropa Hampyru (AIH), ¢inerpa, mo 3mamkye (CD) 1 610Ky
ranpmiBHOTO pe3uctopa (bTP), mo 3acTocoBy€eThCS B peKUMi TaIbMyBaHHS.

PoGora HekepoBaHoro BumpsMIsSdYa 3acHOBaHa Ha pgiomax VD7-VDI12
ABTOHOMHUU 1HBEPTOp HAnpyru Ha Tpanzuctopax VT1-VT6, mryHTOBaHMX HiogamMu
VDI1-VD6. J[ionn HeoOXigHl Mg MPOIYCKaHHS CTPyMy, KOJIM TPaH3UCTOPHU
BUMKHEHI, € 3BOPOTHUM BHUIPSIMIISIYEM B PEXHUMI TajlbMyBaHHS ACHHXPOHHOTO
nuryHa. ®@uietp L ¢ C ¢ HeoOXigHUW s 3MIa[p)KyBaHHS HAMpyrwl 7 4ac
BUINIPSAMJICHHS. 3a paxyHOK 3actocyBaHHs IIIIM 31iiiCHIOETBCS peryiIrOBaHHS
Hanpyru Ha Buxoni IIY Ta HaOmmkeHHs #oro GopMH 10 CHHYCOiJaJIbHOI.
["aneMyBaHH# 311iCHIOETHCS TIepeBeaeHHSIM AIH B pexxuM kepoBaHOrO BUNPSAMIIAYA
(YB) manpyru, mo 3abe3nedye MiIBUIIECHHS HANPYTd Ha KOHAEHcCATopl (UIbTpa,
HE3Ba)KAlOUM Ha 3MEHINEHHS WIBUAKOCTI oOepranHs nBuryHa. Ponb daznux

1HAYKTUBHOCTEN BUKOHYIOTh IHIYKTUBHICTh PO3CiIOBaHHA (pa3 ABUTYHA.

——————— V" * - o *—o ®
Lo
A A &K p. 3 %
vD7 [vD9 [ vbD11 R [] Vilf VD1 V-TIE VD3 V-TIE VD5
Ay
B
o——1 G == ¢ ¢ ¢
% |
f1=C0nSt E K E 'lK ‘IK —IK E _IK K
U,=const | VD10 | VD12 | VD8 vi7| vra VD4 | v VD6 | vT2 VD2
i * 4 & < &

PucyHnok 3.1 — /[BonaHkoBH TPaH3UCTOPHUI NIEpeTBOPrOBaY yactotu 3 LM
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[Ipu mepeBuIieHHI IEBHOTO 3HAYEHHS HAMPYTH Ha KOHACHCATOP1 TPAH3UCTOP
VT7 BkIrouUaeTbcs 1 €HEPris, IO TNEPEAacThCs B EJIEKTPUYHOI MAaIUHU,
PO3CIIOETHCS B TaJIbMIBHOMY PE3HCTOPI.

Taka cxemMa B OCHOBHOMY BHKOPHCTOBYETHCS B €IICKTPONPUBOJAX, [I€
B1I0YBAIOThCS PIJKICHI TaJIbMyBaHHS, IO BIJIHOCUTBCS JIO0 CJICKTPONPUBOIY
CTHIOJTyYHOTO CTPIYKOBOTO KOHBEEPA.

Jlns modarky HEoOXiHO po3paxyBaTH Hampyry jpkepena skuBineHHs AIH 3

[IIM 3rigHO 3 HACTYITHOIO (DOPMYITOIO:

_ 2V2u,
ﬁﬂmax ,

ne U w— HOMIHaJbHE 3HAaY€HHS JIIHIIHOI HAllpyTy Ha CTaTopil

U, (3.1)

JBUTYHA; U max - MAKCUMAaJIbHO JIOMYCTUME 3HaUYEHHS Koe(illieHTa
MOYJISIIII.

s ineansHOTO AIH U max = 1. Y OUIBIIOCTI BUOAAKIB U max < 1 , TOMY 11O
JeAKy 4YacTHHY IMepiofy HECydoi 4acTOTH 3aiimae komyTtaris. [lpu BHKopucTaHHI
cyuacHux IGBT tpansucropiB Hecyda yacTtoTta f k mocsrae 16 kI'm, a U max Mparae
omunuill. Tpausuctop IGBT € TpuenekrpomHuM OIMOISPHUM TPAH3UCTOPOM 13
130JIbOBAHUM 3aTBOPOM.

KoeimieHT Momynsmii - BiJHOIIEHHS HAWUOUIBIIOI TPUBAJIOCTI IMITYJLCY
BUX1JTHOT HAIIPYTH JIO0 MI’KKOMYTAIIHHOTO 1IHTEpPBaTy Ta HOT0 MaKCUMAaJIbHE 3HAYCHHSI
pPO3paxoByEThCS 32 (POPMYIOIO:

,Umax=1_4f;[ot3, (32)
ne t - yac BAMKHEHHS TPAH3UCTOPA.
Toai IPU [ o = 2 K[ MakcUMaNIbHUIA KOC(IIIEHT MOIYIIAIT , , pO3paxoBaHUM

3a popmyioro (3.2) Oyae AOpIBHIOE:

Umax=1—4-2-103-10-6=0,992.
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3Bigcu Hampyra mkepena xuBienHs AIH 3 IHIM 3a ¢opmynoro (3.1)

JIOPIBHIOE:
_ 2v/2-380

U =——— =6255B
" V30,992 _

Jlani TpPOBOAUTHCA PO3PAXyHOK CEPEAHBOrO 3HAUEHHS CTpPyMy dYepes
TPAH3UCTOP Ta JI0JU 3BOPOTHOrO cTpyMmy. [Ipu BENMKHUX KPATHOCTSAX BIIHOIICHHS
HECy4Y0i YacTOTH Ta YacTOTH MOAYJSALIi IJid PO3paxyHKy CEpeIHbOTO 3HAYCHHS

CTPyMY 4€pe3 TPaAaH3UCTOP 3aCTOCOBYIOThH TaKy (hOpMyITy:

Ise mTu
lyr = o (1 + e cosq)s),

(3.3)

IS I st— aMHJ'IiTy,ZIHe SHAYCHHA CTPYMY CTATOpa ABUI'YHA,

@ s— KyT 3CyBy (a3 Mi>K IEPBUHHUMH TapMOHIKaMU CTPYMY Ta HaIlPYTOI0

HABAaHTAKEHHS HA BUXOJ1 IHBEPTOPA;
I yr— cepeiHe 3HaYEHHSI CTPyMY 4€pe3 TPaH3UCTOpP.

JI71s1 po3paxyHKy BUKOPUCTOBY€EMO MACHOPTHI JIaH1 aCHHXPOHHOTO JIBUT'YHA 13

KOpOTKO3aMKHEHUM poTopoM 4AAS6B4Y3 (tabmuis 3.1).

Tabmuis 3.1 - [TacnopTHi 1aHi acMHXPOHHOTO ABUTYHAa 4AAS56B4Y3

) HominanpHauit HowminanbpHa Koedimient
[ToryxHICTH .
ctpym nipu 380 B | wactora obepTaHHS | MOTY>KHOCTI,
Py ) kBT
Iy A n y 00/XB CoS @
0,18 0,427 1500 0,64

AMIUTITYTHE 3HAYCHHS CTPYMY CTaTOpa PO3PaXOBYETHCS 32 TAKOIO (POPMYIIOFO:

Iy = P2 (3.4)
st \/gUHCOSQDJ '
~0,18-10% -2

I, = = 0604 A
St \/3-380- 0,64 _

Jlani po3paxoBY€ThCS CEPEIHE 3HAYCHHS CTPYMY Uepe3 TPaH3UCTOp 3a (PopMyroro

(3.3):
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0,604 ( 3,14 - 0,992

I = . =
VT = 37314 2 0,64) 0,144 A.

CepenHe 3HaYEHHS CTPYyMY 4epe3 101 3BOPOTHOTO CTPYMY BU3HAYAETHCS 32

TaKoIo (HopMyIoro:

I U
]VD = % (1 — TCOS(,OS), (35)
L = 0,604 3,14 - 0,992 0.64) = 0.048 A
VD_2-3,14( 4 ’ )‘ ' '

Bubip tpansucropis i gioaiB AIH 3anexuTts Bif Hanmpyru Ha BXOJ1 IHBEpTOpa
3 ypaxyBaHHSIM IEpEHAIPYI, L0 BUHHUKAIOTh Ha KOHAEHCATOpI, 10 KOMIIEHCY€E B
MOMEHTH, Koiu cTpyM Bil AIH copsimoBaHuil 10 akepena KUBJIEHHs, TOOTO IpH
pexxumi TambMyBaHHS. g Hampyra BHOMpaeThCcsl BHUXOASYM 3 JAOMYCTUMOT
nepeHanpyru koujaencaropa AU ..

Po3zpaxynkoBe 3nauenHst Hanpyru Ha Bxoai: AU =100 B, U 1= 625,5B, U yr

= 625,5 B. Ilpu xuBnenni AIH Bim mkepena >KUBIEHHS 3 OJHOCTOPOHHBOIO

> /6

TpoBinHicTIO (Bij BUNpsamisda ) mpu s BUHUKA€ HEOOXITHICTh B YCTAHOBIII

Ha Bxoal AIH kommneHCyrouoro KoHJaeHcaTopa, SIKHil puiiMae €HEpriro B MOMEHTH
4acy, KOJIM CTPYM CIIPSIMOBAHUH 10 JDKEPENA )KUBJICHHS.

€MHICTb KOMIIEHCYIOUOTO KOHIeHCaTopa (DUIbTpa BU3HAYAETHCS SIK:

T
V3 uly | %1

Cp = — ,
T 2 Fa0." T 2

(3.6)

V3 0,992-0,604 . 50,2—30
: sin® ——— = 0,07965 mxd

C'__ .
¢~ 2 2.103-100 2

JlocnmipKeHHST TIOKa3yloTh, 110 €MHICTh KOHJIEHCATOpAa, IO KOMIICHCYE, HE
3QJICKUTH Bij BUXigHOi yactotu. Ile mo3Bonsie BukopuctoByBatd AIH 13 IIIM 3a
CUHYCOiJaJIbHUM 3aKOHOM JIJIsi pOOOTH Ha JYXKE HU3BKHMX BUXIHHMX 4YacToTax. Sk
BUmHO 3a (dopmynoro (3.6), €MHICTh KOMIIEHCYIOUOTO KOHJeHcaTtopa OOepHEHO
npomnopiiiiiHa Hecy4ld dYacToTi. Jlaml TpoBOAMTHCS PO3PAXyHOK TabMIBHOTO

pesucTopa 3a GopMyIoro:
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U
R, = ——, (3.7)

Inmax

1€ I imax— MaKCUMaJIbHE 3HAYE€HHS MTOCTINHOTO CTPyMYy, CIIPSIMOBAHOIO B
yac rainbmyBaHHsA Bil AIH no Bunpsmisiya.
MakcumanbHe 3HAYEHHS MOCTIMHOTO CTPyMY [ i max BU3HAYAETHCS 3a

dbopmyIo10:
3

Inmax = ZHISCOSCPSL (3'8)

3
himax =7 0,992 0,604 - 0,64 = 0,287 A

Tenep MoxkHa po3paxyBary raJibMiBHUN omip 3a hopmyroro (3.7):

R.= 6255 _ 21790
T T 0287 M

Bubip niofiB  HEKEpOBAaHOIO BUIPAMIIAYA MPOBOIUTHCA 32 CEPEIHIM
3HAYEHHSM CTPyMy uYepe3 Jio[ 3 YpaxyBaHHAM OXOJOMKEHHS Ta BEJIMYUHU

MaKCHMaJIbHO1 3BOpOTHOT HaIIpyru:

Iq
Idcp =K; kom' (3.9)
, 281
ldcp =2- 033 = 2,846 A

)
ne K ;- koedilieHT 3amnacy cTpymy, 3HaXOJUThCS B Jiana3oHi 2 - 2,5;
la=3-14w=3-0427 = 1,281 A ; m=3 — kuIbKIiCTh (Ha3 BUXITHOI
0OMOTKH TpaHC(hOopMarTopa;
k o— xoeditieHT, 110 BpaxoBy€ IHTEHCUBHICTH OXOJOKEHHS THpUCTOpa; k o = 1 ipu
npumycoBomy Ta k o = 0,3 + 0,35 npu npupoaHOMYy OXOJOKEHHI TMOBITPSA 3i
CTaHAApTHUM pajaiaropoM. BennurHa MakcMMaabHOI 3BOPOTHOT HANIPYTH:

U bmax = kzk 01 U do, (310)

U pmax=1,5-1,065-515 =823 B,
ne k ;- xoediLieHT 3anacy, 3a Halpyrolo, 1110 BPaXxoBy€ KOMYTalliiHi CIIJIECKU
HaIpyTy Ta MOXJIMBE ITIIBUIIICHHS HampyTu B Mepexi k ;= 1,5+ 1,8 ;

k 01— xoedirieHT 3BOPOTHOT HAPYTH, 110 3aICKUTH B Buay cxemu 01 = 1,065



60
U a0 - nanpyra Bunpsvisiga ipu o0 =0, U ao=2,34-U 4=515B.
Bubupaemo niox 2/12201 3 Bignosiguumu nmapamerpamu (kiaac 10 — 1000 B,

TPaHUYHUN CTPyM — 3 A).

3.2 Bu0ip nepeTrBoproBaya 4acToTu

Ha ocHOBI mpoBefieHHX po3paxyHKiB y po3aiiax 2 Ta 3 3a KaTaJoroM o0paHo
nepeTBoproBady 4actotu (pipmu Siemens Micromaster 420, skuili B AaHWil yac
HalKpaIyuM CocoOOM 1HTETPY€eTHCS B CUCTEMY aBTOMAaTU3allii Simatic .

3a paxyHOK BKJIIOYEHHS TpuBOAHOI TexHiku j0 mporpamu TIA ( Totally
Integrated Automation ), 3a0e3neuyeTbcsi 3py4YHICTh Y MPOCKTYBAaHHI, HAIIHHICTD Y
KOMYHIKaIlli Ta IHTETPOBAHICTb Yy €IMHUNA KoMIulekc 3acobiB ACY TII
(aBTOMaTH30BaH1 3aCO0M YIIpaBIIHHS TEXHOJIOTTYHUMH MPOIECAMH).

Y neperBoproBaui  Micromaster 420  BUKOPUCTOBYETBCS  METOJ
BHCOKOYACTOTHOI IUPOTHO-IMIynbcHOI Moxyisuii (ILIIM). dyHkuioHanesHa cxema
nepeTBoproBaya 300pakeHo puc. 3.2.

VY Tabmuui 3.2 HaBEAEHO TEXHIYHI XapaKTEPUCTHUKUA LBOTO YacTOTHOTO
nepeTBoproBaua [31].

[lepeTBOproBaul OCHaIIEH1 MIKPOIPOLIECOPHUM YIIPABIIHHSAM Ta IPALIOIOTH 13
cydacHoto TtexHoisoriero IGBT (Insulated Gate Bipolar Transistor (6inmonsipHuit
TPaH3UCTOP 3 130JbOBAHUM KEPYIOUUM €JIEKTPOAOM).

Taka TexHONOTIA € KacCKaAHUM BKIIOYCHHSM JBOX EJIIEKTPOHHUX KIIOUiB:
BXIJTHUHM KJIFOY Ha MOJIHOBOMY TPAH3UCTOP1 YMPABIISE MOTYKHUM KIHIIEBUM KITIOYEM
Ha OimossipHOMY TpaH3ucTopi. Kepyroumii enekTpon € 3aTBOpOM, a JBa IHIIUX —
eMITepOM Ta KOJNEKTOPOM. 3a paxyHOK I[bOTO BOHHM € HAAIMHUMH Ta

OararoyHKI10HATbHUMH.
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XapaKTCPUCTUKNU YaCTOTHOTO IICPCTBOpPHOBA4a

[TapameTp

TexHiuHI XapaKTEPUCTUKH

Jliana3oH MOTy>KHOCTEH

250 BT, 230 B3 AC

Jiana3oH Hanmpyr

208-240 B +/-10%

Bxinna yactora

47-63 I'n

KOC(IIEHT MOTYKHOCTI

coso >0,7

IIyckoBuii CTpyM

He OutbIie HiK HOMIHAJIBHUN

KK 97%
Po6oua Temmneparypa - 10...+50°C
Temmneparypa 36epiranas |[-40...+70°C

JlomycTrMa BiTHOCHA
BOJIOTICTB TTOBITPS

95% (6e3 yTBOpEeHHsI KOHJCHCATY )

Crymiab 3aXHuCTy 1P20
Buxiana yactora 0-650 I'm
Po3auipHa 31aTHICTE 0.01 T

BUXIJIHOI 4aCTOTH

IlepeBanTaxyBaJIbHA
31aTHICTh

150% Big HOMiIHATBEHOTO CTpyMY TpoTsiroMm 60 ¢

Crioci6 perymroBaHHs

Bonber-yacroruit; miniitauit ( U/f ); kBagpaTnaaAi

w/r;

npsive kepyBaHHsi notokoM FCC; noBUIbHE HaJallITyBaHHS

[{udposi BBeACHHS

3 (18 dyskuii)

AHaJjioroBsuii BXij

0-10 B/ITI-perynsitop, po3ainbHa 3natHicTh 10 BIT, moxe
BUKOPUCTOBYBATHUCS SIK LU(PPOBUH BXij

AHaJIoroBuii BUX11

0,4 — 20 MA, 500 OM MmakcuManbHE HAaBaHTAKCHHS,
posainbpHa 3aaTHICTh 10 BiT

Peneiinuii Buxin

30 B DC 5A, 250 B AC 2A, napameTpoBaHui

IaTepdeiic

RS 485

Criocib ranpMyBaHHS

1. I'eneparopHne; 2. nuHaMidHUH; 3. KOMOIHOBaHE

[IIBraxe oOMeKEeHHS
CTpyMy

Bxonuth 10 Habopy mapameTpis

®OyHKIIIT 3aXHUCTY MO:

1. 3HMKEHIN Hampy3i; 2. mepeHanpyru;

3. nepeBaHTaXE€HHs; 4. BKIIOUEHHS Ha 3eMIIIO; 5.
KOPOTKOMY 3aMHKaHHIO;

6. 6IOKYBaHHSI IBUTYHA; 7. IEperpiBy ABUTYHA;
8. meperpiBy nepeTBOprOBava

Perynarop

BO6ynosanuii I11-perymnsitop, BOynoBaHHil pKepeo
JKUBJIEHH i naryuka Il-perynstopa
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Pucynok 3.2 — briok-cxema Micromaster 420

[leperBoproBaui yactotu Micromaster BUKOPUCTOBYIOThCSI JJIsl PETYJIIOBaHHS
MIBUAKOCTI 00epTaHHS HU3bKOBOJIBTHUX ABUTYHIB 3MIHHOTO CTPyMY 3 MOCTIHHHM

abo KBaApaTUYHUM MOMCHTOM HABAHTAXCHHA 3 HABAHTAXXKCHHAM ITOCTIMHOTO THUITY
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(xoHBeepu, NiTH, 3MilIyBayi) ad0 BEHTHJIATOPHOTO THUMY (BIALIEHTPOBI HACOCH,
BEHTHJISITOPH).

KepyBanHs mepeTBoproBaue€M 4acTOTH 3/A1MCHIOETHCA 32 JOMOMOIOI0 Habopy
mapaMeTpiB, 110 J03BOJISAIOTH 3AIHCHUTH BUOIP, aKTHBI3aIlil0 a00 3a00pOHY MEeBHOI
(GyHKLII, 3aBAAaHHA IapamMeTpa, a TaKoX KOHTPOJIIOBATH IIOTOYHE 3HAYECHHS
napamerpa. [lapamerpu MoOXHa 3MIHIOBaTH Ta BCTAHOBIIOBATH KHOIIKAMH
MeMOpaHHOI KJIaBlaTypu IyJbTa KEpyBaHHsS MEpPETBOpIOBAaYa ISl HAJAIITYyBaHHS
NOTPIOHMX BIACTUBOCTEH MEPETBOPIOBAYA, O SKUX MOXKHA BIJHECTH: Yac PO3TOHY,
MIHIMAQJIbHI Ta MakCMMajbHI yacToTd. Homepu BuOpaHMX mapameTpiB Ta ix
BCTAHOBJICHI 3HAUEHHS BKa3YIOThCS HA YOTUPU3HAYHOMY Lu(ppoBoMy auctuiei [18].

Micromaster 420 — yaCTOTHUI NEPETBOPIOBAY, KU BIAPI3HAETHCS B1JI IHIIUX
CBO€I0 JPY>KHBOIO IO BIJHOIIEHHIO JO KOPUCTyBaua CTPYKTYpOIO IMapaMeTpiB,
POCTUM MOHTA)KEM Ta BBEICHHSAM B €KCILTyaTaIlilo, a TAKOXK MPOCTOTOO 1HTETpaii
JI0 CHCTEMH aBTOMAaTH3allii.

Enexkrpuyna  cxema  NIAKIIOUEHHS  [EPETBOpPIOBaYa  YacTOTH  Ta

€JIEKTPOJIBUTYHA JI0 TPhOX (ha3 cCXxeMaTU4HO 300paxeHa Ha puc. 3.3.

KosTaktop Apoceas PireTp

P I PE I
= - o= B8
Pucynok 3.3 — Enexrpuuna cxema miakitoueHHs Micromaster 420 ta

EJICKTPOABUTYHA JIO MEPEXKI.

Tak sk 3aBmaHHA ONTUMAJBLHUX PEKUMIB POOOTH YAaCTOTHO-PETYIHOBAHOTO
SJIEKTPOIIPUBOY JJISI MAKCUMAILHOTO (DYHKITIOHYBAaHHS TEXHOJIOTIYHOTO MPOIIECY €
CKJIQJJHUM 1 BUMArae BiJI MePCOHAITY BEIMKHX 3HAHb BCHOTO MPOIIECY Ta O0JIaTHAHHS

y TepeTBoproBauax cepii Micromaster Eco momaTkoBO BUIIEHO CIEIiaIbHO
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nigiopani 6a30B1 MapaMeTpy, HATAIITYBAHHS SKUX JI03BOJISAE JIJIs1 OLTBIIOCTI IPOCTUX
BUIAJIKIB 3aCTOCYBaHHS IIBUIKO BBECTHM PETyJbOBAaHUU EJEKTPONPHUBOA B
eKCIUTyaTalio.

BumeBuknaaenuit cnociO yrpaBiiHHS 3py4YHUH Ha eTamll BBEJICHHS Ta B
mpolieci  eKcIulyarauii JJis  ONEepaTUBHOI 3MIHM HaJAIITYyBaHb YacTOTHOTO
nepeTBoproBaya. [ BHKOpHUCTAaHHS YaCTOTHO-KEPOBAHOTO EJIEKTPONPUBOLY VY
CKJIaJl aBTOMATU30BaHUX CHUCTEM YIPABIIHHS THUPUCTOPHUMH IE€PETBOPIOBAYAMU
(ACY TII) 3abe3neuyeTbesi B3a€EMO3B'SI30K MEPETBOPIOBAYA 3 1HIIUMH €IeMEHTaMH
CUCTEMU YIIPABITIHHSA, TAKUX SK CUCTEMa BBEICHHI-BUBEICHHS JTaHUX, [0 BKIIFOUAE
JTMCKPETHI Ta aHAJIOTOB1 BXO/IM 1 BUXOJIH, a TAKOXK MOCIII0BHI iHTepdeticu [18].

Takuii nepeTBOpIOBaY Mae€ psAJl BIACTUBOCTEN Ta (DyHKIIH, AIKI B OCHOBHOMY
BIJICYTHI B 1HIIIMX aHAJIOTIYHOTO KJIACY, TaKl 5IK:

- TOYKOBO 3aJa€ThCs Xapakrtepuctuka U/f , mo A03BOJIIE 3aCTOCYBAaTH
MIEPETBOPIOBAY JJII pOOOTH 3 aCHHXPOHHUMH Ta CHHXPOHHUMU JIBUTYHAMH,

- 16 ycraHoBOK y po3mmpeHomy pexxkumi Ta monas 100 B ekcriepTHOMY;

- BUCOKOE€()EKTHBHE IWHAMIYHE TajJbMyBaHHS MOCTIHHUM CTPyMOM Ta
KOMOIHOBaHE rajbMyBaHHS;

- aBTOMAaTUYHHU BHOIp YaCTOTH MO Jytsi O€31IyMHOT poOOTH;

- JIYAJIBHUK €JIEKTPUYHOI €Heprii Uil BUMIPIOBAHHS BUKOPUCTAHOI
CJIEKTPOCHEPT .

- MOJyJbHA KOHCTPYKLIIS

barato nepeTBoproBadiB TAaKOTO KJIaCy BUKOPUCTOBYIOTh Y MPOCTUX 3aBIAHHSIX
no3uiiionyBaHHs. [Ipu bOMy 4acTOTHUH MEPETBOPIOBAY YIIPABISIETHCS CUTHATIAMM,
1m0 HWAyTh BiA JaTYMKIB, IO I1HTErPYyIOThCS B pPoOOYMIT MeXaHi3M. 3aBIsSKU
onTHUMi3allii TPOrpaMHOTO 3a0€3MeUYEeHHS JOCSITHYTO BUCOKOT IIBUAKOCTI peakxilii Ha
30BHIIIHI CUTHAJIU. 3aBlsku LboMy Micromaster 420 Bupinlye 3aBaaHHS
MO3UIIIOHYBAaHHS 3 HE3BUYAMHOK [IJI1 JAHOTO KJacy TOYHICTIO Ta IIBUAKICTIO.

OnTuMizoBaHa MBUAKICTH PEaKIIii Ta A1l aHAJTOTOBUX BXOJIIB.
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3.3 MikpOKOHTPOJIepHEe KEPYBAHHS €JIEeKTPONPHUBOIAOM 32 J0NOMOT0I0

SIMATIC S7-200

[leperBoproBau vactotu Micromaster 420 (UZ) 3'eqnanuii 3a J0MOMOTOIO
CHJIOBOTO Ka0eJlto 3 €lEKTPOIBUTYHOM Ta CXeMOo ImycKy (myckad KM, knonku SB1,

SB2, apromar QF) (puc. 3.4).

~Uc fc
Ao Bo C
NN il
HL {4 L@“ KM
- [ ]
]
KM

‘ Uz E}me-\mz

RZ

Pucynok 3.4 — Cxema migkIt04eHHS IEPETBOPIOBAYA YaCTOTH, IBUTYHA Ta CXEMHU

yCKY

Jl5is mporpaMyBaHHs MEBHOT pOOOTH yCTaTKyBaHHS HEOOX1THO BUKOHATH TaKi
mi:

a) yBiMmkHyTH aBToMat QF 1 kHomkoto SB1 nonatu HanpyTy Ha nepeTBOprOBay;

0) mpoBecTU MapaMeTpyBaHHs MepeTBoproBaya st podoru 3 USS nporokomy
3a nonoMoroto nporpamu SIMOVIS Ha nepcoHaibHOMY KOMI'FOTEPI;

B) 3amyctuTu nporpamy Micro/ Win 32 st po60TH 3 MIKPOKOHTPOJIEPOM;
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I') CTBOPUTU HOBMI MPOEKT 1 3a gomomoroio penakropa LAD chopmyBaru
porpam yIpaBiIiHHS €JIEKTPOIPUBOIOM, 3T1IHO 3 3aJlaHUM AJITOPUTMOM, JIO0 SKOTO
nonarothea komanau USS nipotokony;

1) 3aBaHTAXXUTHU PO3POOIEHY MPOTrpaMy B MIKPOKOHTPOJIED;

€) MPOBECTU CTAPT MPOTPaMU Ta NMEPEBIPUTH MPABUIbHY POOOTY
€JIEKTPOIIPUBO/I.

KaGens 3B'a3ky PC/PPI mipkiroueHo 10 mepeTBOproBadya Ta MEPCOHAIBLHOTO
komm'totrepa (puc. 3.5).

Komanu nporokosry USS € xapaktepHoto ocobnusicTio STEP 7 — Micro/ Win
32 Toolbox , cmpoiryoun KepyBaHHS eJeKTponpuBojgoM Micromaster 420 3a
paxyHOK BKJIFOUEHHS IONIEPEAHBO CKOMIIOHOBAaHUX MIAIPOrpaM Ta mporpam o0pooku
nepepuBaHb. 3a JOIMOMOTOI0 IIMX KOMaHJ MOXKHA KepyBaTu (i3MUHUM ITPUBOJOM Ta
napamMeTpaMu YMTaHHs/3anucy Ay npuBoay. Ha mamonky 3.6 moka3zaHo MpUKIIaj

3aIuCy IPOrpaMu.

Cranis 0 Cranuis 1
Ka6ens PC/PPI
[Iepconanpuuii = CPU S7-200
KOMII FOTep
RS-232 RS-485

Micromaster
420 7§ § u

Pucynok 3.5 — Cxema miakJIFoueHHs] MIKpOKOHTpoJiepa

Po3zrnsiHeMo ocHOBHI KoMaHu TipoTokoiry USS:
- Komanga USS UNIT BukopucTOBY€ETHCS 1Jisi TOTO, 1100 1€0I0KyBaTH

Ta iHiani3yBaTu abo OJIOKyBaTH OOMIH JAHUMHU 3 €JIEKTPOIPUBOIOM;
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- Komanma DRV_CTRL BHKOPUCTOBYETBHCS [Jisi KEPYBaHHS AKTHUBHUM
CJIEKTPOIIPUBOJIOM;
- Komanga READ PM 3untye napamerp NpuBOaAY;
- Komanna WRITE PM 3anucye napameTp NpuBOAY 3a/1aHy KOMIPKY.
[Iporokon USS wMae mochigoBHuil iHTepdeiic, sxuii 3abe3mneuye
iHbopMaIiitHII AOCTYyn A0 YCTaTKyBaHHS 3a MPUHIMIIOM MalCTep — MiJICTIIHiA
(master — slave ), y axoMy 1HIIlIaTOpoM OOMIHY € MPOBIJIHUMA MPHUCTPIHA, a BEICHE
JIUIIIE BIAMOBITa€ IOBIOMIICHHS, Tiepenane Ha ajapecy. Kpim Toro, mpotokomom USS
nependadeHo 1 MMpPOKOMOBHUM pexxuM ( Broadcast ) oOMiHy, IIpu sIKOMy agpecaTaMu

MOBIJIOMJICHHS € BC1 IPUCTPOi Mepexi [18].
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PO311JI 4. PO3PAXYHOK IMHAMIKHN YACTOTHO-

PEI'YJIbBOBAHOI'O EJIEKTPOIIPUBOAY

4.1 MaremaruuHmii onuc ejemMeHTIiB cuctemu ITY-AJ]

IIpu ckmamanHi matematudHoi momeni ITY-AJl, cxema CHUIIOBHX JIQHITIOTIB
SAKOTO TMOKa3zaHo Ha puc. 4.1, Oymae BHUKOPHCTOBYBATHCS METOI CTPYKTYPHOTO
MOJICJIFOBAHHS, TIPH SIKOMY OyyThb BHA1JICHI OKpEMI €JIEMECHTH.

Jlo Hux moxHa BigHecTH AJl, AIH 3 BuXimHUM peakTOpoM, HEKepOBAHUU
BUIIPSMJISY 3 BXITHUM KOMYTYytouuM peakropoM 1 LC-¢pineTpom Ha Buxoai [19].

JIyist Mozieni aCHHXPOHHOTO JBUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM MO>KHA
HaIUCaTh TaKy CUCTEMY CKISIPHUX PIBHSHbB:

Ulu=p¥Y lu—w kWY 1w+ R1i1u,
Utv=p¥Yw+wkWYiu+R1i1v,
O=p¥Y2u— (wk—we)¥2v+R2i2u,
O=p¥Y 2w+ (wWk—we)¥2u+R2i2v,
Yiu=Wou+Liciiu,
Yiu=Wou+Liciiu,
Yiv=Wov+ Li1oi1v,

You=WWou+L2si2u,

Yaw=Wor+Laiow, (4.1)
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WYou=Loiou,
WYWov=VLoiov,
lou=1l1ut+1i2u,
lov=1l1v+1i2v,

3 . )
M = Epn(l'p()utlv - lIJ()vL:Lu)

pwe=pn] 1 (M—M:),
e U tu, Utv, Lu, L1, ¥ 10, ¥ 10— IEPETBOPEHI HANIPYTH, CTPYMU Ta
MOBHI MMOTOKO3YCIIJICHHSI CTaTOpa OOMOTKU;
L2u, l2v, Woau, W 20— mepeTBOpeHi CTPyMH Ta MOBHI
MOTOKO3YETJIEHHS! OOMOTKH POTOpA;
Lou, Lov, ¥ ou, ¥ ov— pe3ysIbTYIOUl CTPYMH HaMarHi4yBaHHS Ta
OCHOBHI [TOTOKO3YEIUIEHHS.

Mopneni AJl BpaxoByeThCs 3MIHHUM KoedilieHToM 0 , KMl 3aJIeKUTh Bij
CTpyMy HaMmarHiuyyBaHHs 1 Bu3Ha4aeThes sk 0 = 0 (0 ), ne 0 - MOaysIb pe3yJIbTyH0u0T0
BEKTOpA CTPYMiB, [0 HAMATHIUyIOTh Lo = (8w + 162, [Ipu po3misiai MarHiTHOTO
JaHIIoTa KoeiIi€eHT o € KOHCTaHTOrO [17].
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Pucynok 4.1 — Cxema cumnoBux nanigoriB cuctemu [TU-AJ]
1 — mepexa, 2 — BXITHUHN peakTop, 3 — HEeKepOBaHUM BUIPIMIISY, 4 — QUIBTp, 5 —

1HBEPTOP HaNpyTH, 6 — BUXITHUN PeakTop, 7 — ACHHXPOHHUHN JBUTYH.
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AIH 3 IIIM € cknagHuM HETIHIMHUM JTUCKpEeTHUM mpuctpoeM. Hecyua
yactora AIH nepebyBae y mianazonax Big 2 10 16 k1, 171 moOyoBu MareMaTu4HO1
monem AIH BUKOPUCTOBY€THCS METOJ BUJIJICHHS KOPHUCHHX CHUTHANIB IUISIXOM
yCcepenHeHHs] MUTTEBHUX 3HaYeHb 3MIHHUX Y MeXax Irepioay Hecydoi yactotu [19].

VY 1poMy BUIAJIKy 1HBEPTOP HANPYTH OMUCYBATUMETHCS] TAKUMU PIBHAHHIMU:

1 *
fu = Z_UOuu’

1 *
fo =2_Uouv’
Uin=Uif u, (4.2)
uiv=uifv,

.3 .
ly = E (lyufu + b))

e U, Up- [lepeTBOpEHI 3a4a10Th BILIUBY;
f u, f v- ycepenHeHi KoMyTamiiHi QyHKIIIT;
U o— aMIIIiTy1a OTIOPHOTO CUTHAIY;
U i - HaTpyTa JiKepelia )KUBJICHHS 1HBEPTOpa;
[ i— YCepeAHEHHI CTPYM >KUBJICHHS 1HBEPTOPA;
U iu, U iv— YCEPEIHEHI BUX1/IHI HAIIPYTH 1HBEPTOPA;
[ 1u, L 1v- YCEPENHEH] BUXIJIHI CTPyMU 1HBEPTOpA.
BuxinHi peakTopy BUPaXKaroThCsl TAKUMU PIBHSIHHSIMHU:

. _1 . .
Pliy = p.BbIX(uHu + kap.BbIXl'l‘b" - Rp.m,rxllu - ulu), (4.3)

. _ _‘l . .
Pl = Lp.BbIX(qu - a)kLp.Bbellu - Rp.m)lxllv - ulv)v

1€ R p.sux, L p. sux— aKTUBHUN OMIP TA 1HIYKTUBHICTh BUXIHOTO PEaKTopa.

[Ilo6 BUIIMUTH TOJOBHI  OCOOJMBOCTI  HEKEPOBAHOTO  BUMPSIMIISTUA
BUKOPUCTOBYIOTh MaTeMaTHUHy MOJIEIIb, SIKa B110Opaxae JIMIIe OCHOBHY TapMOHIKY
KOMYTalliHOI QyHKIIT BUIPSIMIISIYA.

MaremaTtuuHa MoJielb HEKEpOBAHOTO BUIIPSIMIIAYA 3 BXIJHUM PEAKTOPOM €

HAaCTYIIHOIO CUCTEMOIO piBHHHBZ
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Uy = Ugy T Lp.Bxpiu - kap.Bxiv + Rp.Bxiu!
Uy = Uyy T Lp.BXpiU - kap.Bxiu + Rp.Bxivr

2v/3
fou = TCOS(% — 6),

fov = %gsin(ﬂi —6,), (4.4)

3
Uy = E(uaufau + quﬁav)r

Iy = iaﬁau:
Iy = iBﬁsv»
wy = pby,

€ Uu, Uv, Lu, L y— MEPETBOPEHI OCHOBHI TAPMOHIKM HampyT Ta CTPYMIB
MEpexi;
U su, U py— MEPETBOPEHI OCHOBHI TAPMOHIKH HAMpyT Ha CHJIOBOMY BXOJI1
HEKEPOBAHOTO BHUIIPSMIISIUA;
f su, f sv— TIEPETBOPEHI OCHOBHI TapMOHIKH KOMYTAIIMHUX (YHKIIINA
HEKEPOBAHOTO BUMPSIMIIAUA;
6 : — KyT NOBOpOTY Yy3arajibHEHOTO BEKTOpa KOMYTallIWHOI (PyHKIIT
BUTIPSIMIISAYA,;
0 k— KyT IOBOPOTY CUCTEMH KOOPJIMHAT;
U, [ g- HAIIPyTa 1 CTPYM HA BUXOJII BUTIPSAMIISYA;
R p.sx, L p.sx— aKTUBHUH Ta 1HAYKTUBHUHN OIIp BXITHOTO PEAKTOpA.
Mogens LC-¢inpTpa Ha BUXOJl HEKEPOBAHOTO BUIPSIMIISIYa BU3HAYAETHCS

JHIAHUMHA PIBHIHHSIMU BUTY:
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pis = Lpg(us — Rp.pla — Un),
puy = Copic (4.5)

iC = iB _iHJ

-1
,Z[CRP-@)’ p-¢ — aKTUBHMM Omip Ta 1HAYKTUBHICTH 3MNIaJXyrouoro peakropa LC-

¢binbTpa;

[ c- CTpyM KOHIeHcaTopa (iibTpa.

4.2 Mogeas ITY-AJl y nporpamuomy cepexosuii Matlab

Matlab € makeToM NpUKIAIHUX OporpaM, NpPU3HAYEHUX MAJI1 BUPIIICHHS
3aBlaHb TEXHIYHUX oOuuciieHb. Matlab siBisie co0or0 BHCOKOPIBHEBY MOBY Ta
IHTEpPAaKTUBHE CEPEJOBUILE JUIsl IMPOrpaMyBaHHS, YHCEJIBHUX pPO3pPaxyHKIB Ta
BI3yasizamii pesynaprariB. Llg mnporpama € CyKymnHICTIO CiMEHCTBa MPOAYKTIB
Mathworks 1 € roTOBHUM 1HCTPYMEHTOM BUPIIIEHHS IIMPOKOTO CIIEKTPa HAyKOBHUX Ta
INPUKIIAJHUX 3aBJIaHb.

Kepyrounmu BrimBamM#, IO 3MIHIOIOTH XapaKTEPUCTHKU ACHHXPOHHOTO
JIBUTYHA, € aMILTITyAa (a00 Jiroue 3HaYEHHs) 3MIHHOI HANPYTH KUBJICHHS, 4acTOTa 1
aMIUTITy/1a 3MIHHOI HaIllpyTH MEPEXi, 10 MiABOAUTHCS O CTAaTOpa.

Jist Toro, o0 3moxaemtoBaru cucremy [T4-AJl y mporpaMHOMy cepeaoBuILi
Matlab , ckopuctaemocs nacopTHUMH Ta PO3PAXYHKOBUMH JJAHUMHU aCUHXPOHHOTO

neuryHa 4AA56B4Y3 (tabmnuis 4.1).

Tabmuis 4.1 — HeoOxiani mani nis moneni [TY-AJl y Matlab

[TotyxHicTh ABUTyHa P, kBT 0,18
Howminansauii ctpym [, A 0,427
HowminaneHa Hanpyra U, B 380
Yacrora mepexi f, ['i 50
CHHXpOHHA IBUJIKICTh 00EpTaHHs n, 00/XB 1500
Uwuco map mosirociB p 2
JluHaMiuHMiA MOMeEHT iHepii J ji, Kr M 2 0,00079
AxtuBHUM omip cratopa R g 0,18
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AxTtuBHu# omip potopa R r 0,16
InayxTuBHicTh cTatopa L s, I'H 0,297
IanykTuBHicTh potopa L g, ['H 0,558
[HIYyKTUBHICTB FOJOBHOTO iHAYKTHBHOTO onopy L ,T'H 2,727
Hanpyra mxepena inBepropa, 625,5
€MHICTh KOMIIEHCYIOYOTO KOHJIeHCcaropa, MKD 0,07965
Onip raneMiBHOTO pe3uctopa, Om 2179

Pesynsrarom monemoBanus [1U- AJl € ocumnmorpamMu BUX1AHOI HAIPYTU V 4
CTPYMIB 1  abc KyTOBOT IIBHJIKOCTI OOEpTaHHSA M 1 €JEKTPOMArHiTHoro Momexry T .
ACHXPOHHOTO JIBUTYHA.

BipryaneHa Mopenb, moOymoBaHa y mporpamMHoMmy cepenoBuini Matlab

300pakeHo Ha puc. 4.2.

h 4
+

Vab

Powvergui
-Discrete,
Ts = 2e-006 s.

4

' >+ A L —W is_abc
A—[_’A +H [—DB _‘_’|:|
e L Ol
= i’C b C pulses C »lmm

0.4kV, 50 Hz . B
Rectifier PUiM IGBT Asynchronous Machine

y Inverter 0.18 ki, 380 V rms,
50 Hz

h 4

h 4

-l

Machines Scope
Measurement
Demux

Signal(s) Pulses — 0

Constant

PN Generator

Pucynok 4.2 — Bipryansna moaens [TU-AJ]

4.3 IlepexiaHi mpouecH miJx 4ac MycKy Ta HAKMJIAHHA HABAHTAKCHHHA

VY nporpamuomy cepenoBuiili Matlab mocaimkyroTbest iepexiiHi TpoIecu mpu
MyCKy Ta HAKWJAHHI HAaBAHTAXCHHS MPU PO3IMKHYTIH CHCTEM1 yIpaBIiHHSA, SKa
300paxeHa Ha puc. 4.2, TOOTO 3a BIICYTHOCT1 3BOPOTHOTO 3B'SI3KY 31 MIBUIKICTIO Ta
HaIPyToIo.

Ha npencrasnenux puc. 4.3-4.7 300paxkeH1 BUXIJIHI CUTHAJIM HAMpPyTH V

CTPYMIB 1 s abc KYTOBOI IIBHJIKOCTI 0O€PTaHHSA M 1 €JIEKTPOMArHiTHOro MomeHry T .
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ACMHXPOHHOTO JBHUTYyHa TpH pizHux vactorax (50,40,30, 20 I'm) 1 koedimierTax
MOTYJISITII.

AHami3ylouu OTpUMaHI OCIMJIOTPaMH, MOXKHA JIWTH HEBTINIHOTO BUCHOBKY,
[0 70 TMOYaTKy BCIX IPOIIECIB BCi 3MIHHI JIOPiBHIOBAJIM HYJIO, TOOTO 1CHYBaJIH
HYJIbOBl TIOYAaTKOBI yMOBHU. EJNEKTponpuBOn poO3raHsS€ThCs 10 HOMIHAIBHOL
mBuaKkocTi mpubnmm3no 0,2 cexynau. Ilicmst Toro, sik OyB JOCATHYTHH MpOIEC, B
npoMiKKy vacy 0,25-0,3 cekyHIU 3I1HCHIOETbCS HAKUJ MOMEHTY HaBaHTaXKCHHS,
IpU SKOMY 3pOCTAlOTh CTPYMH 1 MOMEHT, a IIBUAKICT OOEpTaHHS 3HUKYETHCA JI0
neBHoro piBHs. [IpubnusHo uyepe3 0,5 cexkyHA Micis 3allyCKy JIBUTYHA BHHHKAE
JIPYTUd Tpoliec, 10 BCTaHOBUBCA. [ Toro, mo6 mocmigutu cucremy ITY-AJL 13
MOCTIMHOIO MEPEBAHTAXKYBAJIbLHOIO 3/IaTHICTIO, HEOOX1THO KOS(MIIIEHT MO L
MOMHOXHUTH Ha BigHOCHY Hampyry V. Ilyck naBuUryHa 3M1HCHIOETBCS 3a MPSMOTO

BKJIIOUEHHS €JIEKTPOBUTYHA HA HANIPYTy MEPEKI.
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Pucynok 4.3 — 3BruaiiHuii 3a1ycK JBUTyHA
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Pucynok 4.5 — 3anyck ABUryHa 3 HOMIHaJbHUM HaBaHTakeHHsIM npu 40 '
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[Ipu mocnigkeHHI HE BPAXOBYIOTHCS OCOOJMBOCTI MaTe€MAaTUYHOTO OMHUCY
MPOIIECIB B aCMHXPOHHIM MaIlMHI, HAsBHICTh BHYTPIIIHIX MEPEXPECHUX 3B'A3KIB,
CTaH MarHiTHOI CUCTEMH, TOMY CIIOCTEPITaeThCs 3aBUIICHUI MOMEHT Ta CTPYM, SKHIA
BU3HAYAETHCS JIMIIE aKTUBHUM OIIOPOM cTaropa Ta poropa. OTpumMaHi pe3ynbTaTH
MOJICJIIOBaHHs TOKa3yloTh, IO MPHU MPSMOMY 3allyCKy CIIOCTEPIraroThCs 3HAYHI
KOJIMBaHHSI MOMEHTY Ta IIBUIKOCTI.

3arporoHOBaHa CUCTEMA PETYJIIOBaHHS MIBUAKOCTI CTPIYKOBOTO KOHBE€EpA Ha
6a3i IT4Y-AJl no3Bonsie 3abe3meunTd HEOOXITHI TEXHOJOTIYHI PEeXUMH poOOTH
MalmMHU (acyBaHHsS 4aro, 30UIBIIUTHA NPOAYKTUBHICTH Ta CHPOCTUTH IIPOLEC

HaJIarOJ>KCHHA Ta 06CJIYFOBYB3HH}I.
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BUCHOBKHA

VY Maricrepchkiit po6oTi 0yJ0 pO3IITHYTO TEXHOJIOTIYHI 0COOIUBOCTI pOOOTH
MaImHu (pacyBaHHs 4ai0 4a€po3BaKyBajbHOI (pabpuku. Y mporeci aHamizy Oyio
BUSIBJIICHO BC1 HEJIOJIIKU 1CHYIOUOi CUCTEMHU €JIEKTPONPUBOYy CTPIYKOBOTO KOHBEEPA,
1o 3'eHy€e ABI MamuHu GopMyBaHHS (UIBTpIIakeTiB. st TOro, 100 301IBIITUTH
IPOAYKTUBHICTH POOOTH MAIIIMHK Ta CIIPOCTUTH MPOIIEC HAIATOMKEHHS 00IaTHaHHS,
OyJl0 3ampoONOHOBAHO 3aMIHY HEPEryIbOBAHOIO EJIEKTPOIPUBOLY CTPIYKOBOTO
KOHBEE€pAa HA PETYIbOBAaHMM LUIAXOM BIpoBauKeHHA cuctemu IIY-AJl. byma
pO3paxoBaHa MOTYKHICTb ACHHXPOHHOTO €JIEKTPOJBUTYHA KOHBEEpA, MEXaHIYHI
xapakrepuctuku cuctemu [TU-AJl 3a cranocti nepeBaHTaKyBaJlbHO1 31aTHOCTI JJIsI
3aJlaHUX YacTOT Ta OOpaHWil 3aKOH 4YacTOTHOro perymoBaHHsA. Ha ocHOBI
pO3paxyHKIB Ta aHali3y OyB oOpaHui IEpEeTBOPIOBAY YaCTOTH.

JHano omuc marematuyHoi mozeni IIU-AJl 1 mpoBeaeHO MOJACIIOBaHHS B
nporpaMHoMy cepefoBuii  Matlab. YV xomi wmomenmtoBaHHs Oyiau  OTpuUMaHi
OCIIWJIOTPaMH BUXIJHOI HAMpyrH, CTPyMy, IIBHUIKOCTI Ta MOMEHTY IpH 3aJaHHUX
YacTOTax Ta KOePilieHTaxX MOAYIISIIII.

Byno 3amponoHOBaHO BCTAHOBUTH PETYIHOBAHUI €IEKTPOTIPUBOJ CTPIYKOBOTO
KOHBEEPA 32 CUCTEMOIO MIEPETBOPIOBAY YaCTOTH — acuHXpoHHuM nuryH (IT4-AJl), 3a
JIOTIOMOT OO SIKOTO MOXKHA OyJi€ TOBHICTIO CUHXPOHI3yBaTH TEXHOJOTTYHUH MPOIEC Ta
3aro0irTM BUHUKAIOY1 aBapiiiHi BUMAKK Ta 300i. [Ipu BpoBaskeHHI PEryIbOBaHOTO
CTPIYKOBOTO KOHBEEpPA OOCAT MPOIYKIIii, 110 BUITYCKAETHCA, MOXE 3poCcTH B 1,5-2
pa3u. [Ipu TakoMy TEXHOJOTIYHOMY IMPOIIEC] aKyBaJbHA MalllMHa Oy/ie HOMIHAJIBHO
3aBaHTakeHa. YacTOTHUI MepeTBOPIOBaY HA TPOMHUCIOBOMY MiITPUEMCTBI BUPIIIY€E
TaKl CTaHAAPTHI IPOOIEMH SIK:

— EKOHOMIS €HEepPropecypcis;

— 3HIDKEHHSI BUTPAT Ha MJIAHOB1 PEMOHTHI POOOTH Ta KamiTalbHUI PEMOHT;
— 30UIbILIEHHS TEPMIHY CITY>KOM TEXHOJOTIYHOTO 00JIaTHAHHS;

— 3a0e3nedeHHs ONMepaTUBHOTO YIPABIIHHS Ta IOCTOBIPHOTO KOHTPOJIIO 32

X0JIOM BUKOHAHHS TEXHOJIOTTYHUX MPOIIECIB.
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Homatox A

CHAPTER 1 TECHNOLOGICAL FEATURES OF TEA PACKAGING
MACHINE WORK

1.1 Functional scheme of the technological process

The functional scheme of the technological process is presented in fig. 1.1,

where:
1,2 - filter bag forming machine;
14 - packing machine;
15 - connecting belt conveyor;
16 - asynchronous electric motor;
17 - reduction gear;
18 - the main conveyor;
19 - emergency button;

20 - on/off buttons;

21 - electrical cabinet;

22 - storage device;

23 - pneumocylinders of side supply;

24 pneumatic cylinders of frontal supply;
14,15 - sensors;

16 - output of finished products.

In machines for forming filter bags manufactured by IMA, tea is poured into
bags and placed in a box.

In order for the tea boxes coming out of the two filter pack forming machines
to enter one Marden packing machine Edwards uses a connecting belt conveyor. The
arrival of boxes on the conveyor is carried out due to gravitational movement. Arrows

in the figure indicate their movement.
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Figure 1.1 — Functional scheme of the technological process

Since the power of the packaging machine allows connecting two filter-packet
forming machines to it, this connecting belt conveyor was developed and installed to
increase the efficiency and nominal load.

Belt conveyors are the most common means of continuous transportation of
various bulk and artificial cargoes in industry. This conveyor uses an endless vertical-
locked flexible general-purpose rubber fabric belt. This is the main, most expensive
and least durable element of the conveyor, which is both a load-carrying and traction
body [1].

The conveyor installed in the tea factory is stationary and belongs to the light
type. According to their design features, belt conveyors are characterized by the

highest speed and productivity.
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The upper working and lower branches of the belt are supported by row (linear)
roller supports . The progressive movement of the connecting conveyor belt transmits
single-drum drive driven by an asynchronous electric motor with a short-circuited
rotor through a gearbox.

The constant tension of the tape is ensured by a screw tensioning device. Screw
tensioning devices are used only on stationary conveyors of short length and mobile
conveyors. A distinctive feature of this design is that sliders are installed in the guides,
which are fixed with pins [1].

The main parameters of the connecting belt conveyor:

- Productivity of the conveyor, Q nom= 0.07 £0.0035 t/h;

- Length L =6 m;

- Belt width B =500 mm;

- Force on the drive drum F=788 N;

- The diameter of the drive drum D ,=0.15 m;

- Linear speed of the tape, v =0.17 m/s;

- Gearbox type — worm;

- Gear ratio of the gearbox, 1,= 63;

- The working operation is horizontal movement.

The geometric dimensions of cardboard boxes with tea vary in the following
ranges: width 48 — 190 mm, length 65 — 225 mm, height 60 — 72 mm. The minimum
weight of one box is 70 grams, the maximum weight is 300 grams.

Next, the boxes with tea move along the connecting belt conveyor, where they
enter the accumulator.

The accumulator serves to prevent jamming or collision of boxes. Boxes of tea
are located and accumulate on the conveyor until a signal is received from the sensors
located on the main conveyor to the microcontroller to feed them correctly so that the
boxes from the main and connecting conveyor do not collide with each other.

After the signal from the sensors and the command of the microcontroller,
boxes with tea are fed to the main conveyor by Camozzi pneumatic valves , which

redistribute the air to lateral and frontal supply pneumatic cylinders . A pneumatic
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valve is a small device designed to change the direction of compressed air flow in the
air lines of a pneumatic drive. Pneumatic cylinders are executive mechanisms of
pneumatic systems and are designed to convert the energy of compressed air into
mechanical linear movement. Pneumatic valves are controlled depending on sensor
signals using the Simatic S7-200 microcontroller located in the electrical cabinet.
Simatic S7-200 refers to programmable logic controllers, which are designed to solve
simple tasks of small-scale industrial automation.

The total flow of tea boxes goes to their final point of production, the packaging
machine, where they are wrapped in cellophane and become finished products. On/off
buttons and an emergency button are also located on the conveyor.

Different formats of boxes are moved along this connecting belt conveyor,
therefore, the adjustment of the limiting slides along the length and width of the
pneumatic cylinders is provided for accurate entry into the accumulator and further
onto the main conveyor.

Accidents occur when boxes of tea pile up on the connecting belt conveyor or
collide with each other, which causes a jam and hinders the normal technological
process. This occurs due to the uneven arrival of boxes on the conveyors. In such
situations, production personnel have to restore normal operation manually. In order
to more efficiently load the packaging machine and thereby increase the amount of
products produced, as well as to prevent accidents, I suggested replacing the non-
regulated electric drive of the connecting belt conveyor with an adjustable one, that
1s, installing the IF-AD system, thereby dismantling the accumulator and pneumatic

cylinder and fully synchronize the process of feeding boxes to the main conveyor.

1.2 Operation of filter bag forming and packaging machines

The tea filter bag forming machine is designed for packing tea into filter bags
with two compartments, equipped with labels, cotton thread and an outer envelope.
Filter bags or envelopes are automatically counted, stacked, and then placed in

cartons.



86

The maximum speed of forming filter bags is 450 filter bags or 18 boxes per
minute, so that the machine does not run to wear, its set speed is 400 filter bags or 16
boxes per minute. The installed capacity of the machine for forming tea filter bags is
18 kW.

This machine can have different functional nodes that perform the functions
necessary to obtain different types of final packaging of the product.

To produce the final product, the following packaging materials are loaded into
the machine: filter paper, label paper, cotton thread, adhesive paper, corrugated outer
envelope paper, box board, and glue [3].

The packaging cycle can be divided into three main working phases, depending
on the type of their function:

- formation of a filtering package;

- forming the outer envelope and wrapping the filter bag in it;

- assembling the carton, counting and filling the carton with filter bags, with or
without outer envelopes, and final sealing.

In fig. 1.2 shows the filter packet formation cycle. The machine forms a filter
bag by unwinding a roll of 1 hot-melt adhesive filter paper installed on the
corresponding device. The unwound paper enters the automatic connecting device 2,
where the filter paper of the expiring roll is combined with a new roll. This operation
does not require stopping the machine.

Filtering p paper enters the dispenser, which determines the exact amount of
product to be served. The product fed into the feed hopper 4 falls into the dispenser
vessel and is collected in the cells mounted on the dispenser cylinder 3 [3].

Returning, the pistons dump the product contained in the cells directly onto the
filter paper. The paper is folded , forming a tube, the edges of which are folded and
sealed by rollers 5 according to the direction of paper unwinding. Then two rollers 6

seal the filter bag in the transverse direction [3].
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WA,

Figure 1.2 — The filter packet formation cycle

Other parts that form the filter bag (label, cotton thread and adhesive paper) are
located on the wheel 7, and are also glued to the filter paper tube with the help of an

opposing sealing roller, this technological process is shown in fig. 1.3.

[
2K
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b2\

Figure 1.3 — Other parts forming filter packs
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The label paper is unwound from the roll 1 mounted on the corresponding
device and enters the automatic splicing device 2, where the label paper from the
ending roll is joined with a new roll. This operation takes place without stopping the
machine [3].

The label paper enters the cutting device for cutting according to the
predetermined length and is sucked by the vacuum device mounted on the wheel 3.

The cotton thread, unwound from the roll 4, enters the wheel 3, passing through
the rollers, which provide sufficient tension of the thread. Adhesive paper is unwound
from roll 5 installed on the corresponding device. It is unwound by two guide rollers
and cut by a rotating knife before it is tightened by a vacuum device mounted on wheel
3131

Adhesive paper can be thermally glued on one side only. The hot-melt side
should be opposite to the wheel side 3. The adhesive paper is heated by the opposing
sealing roller, connecting the cotton thread to the label and to the filter paper.

The tube of filter paper, provided with a label, cotton thread and adhesive paper,
is unwound and enters the rotating knife 6, which cuts the tube of filter paper and thus
forms filter bags [3].

The filter bags are picked up by the transmission grippers and fed to the rotating
wheel 7 through the folding machines , which ensure the final configuration of the
bags. The upper parts of the two cavities of the bag are sealed during the rotation of
the wheel 7 [3].

The filter bag is now completely sealed and filled with the required amount of
product, provided with a label on the side of the bag, and the cotton thread is unwound
on the outside of the bag and held in place by adhesive paper.

Assembling a cardboard box

The process of assembling a cardboard box is shown in fig. 1.4. Filter bags,
previously provided with form-forming materials or with a sealed outer envelope, are
fed by means of a grip to the stationary container of the stacker 1, where the bags are

counted and stacked [3].
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After counting according to a predetermined number of filter bags or outer
envelopes, the stack is fed into the moving container 2, which, rotating, puts the stack
into cardboard boxes together with cardboard partitions coming from the store.

Cardboard boxes are formed from a flat blank with embossed fold lines (ribs)
that form the edges of the box. The blanks are picked up one by one in the store by
the lever 4 and fed to the assembly station to the gluing devices 5 [3].

Figure 1.4 - Assembling a cardboard box

Valves of the workpiece are bent with the help of a plate inside the folding
device; the assembled cardboard box with the lid still open is picked up by a lever that
places it on a belt for delivery to the box filling station.

When the box arrives at the filling station, the moving container 2 places stacks
of packages or outer envelopes in the box according to a predetermined number of
stacks. The filled cardboard box is fed to the lifting station, where the lid is closed and

defective boxes are rejected [3].
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Packaging of tea boxes in cellophane

The machine for packing boxes with tea in cellophane (Fig. 1.5) works in
single-speed mode. With constant product supply, a higher speed of the machine is
achieved.

Power to the main motor is supplied through a frequency converter to regulate
the speed of the belt [4].

All pneumatic and electrical devices of the machine are controlled from the cam
shaft, which moves from the main shaft with a toothed belt.

When the packaging machine works in automatic mode, the speed and stop of
the machine are selected using sensors installed inside the machine.

The product sensor on the belt is installed on the feed unit , it is also installed
on the limit plate of the stop and detects the presence of packaging on the lifting table
[4]. The delay function ensures that the machine stops at the end of the work cycle.

Figure 1.5 — Packing machine for boxes with tea in cellophane
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The machine is controlled from the main panel.

The work of the packaging machine is divided into the following stages [4]:
- presentation of goods;
- product rotation;
- bending and sealing, output of the finished product.

The working process of the packaging machine is schematically shown in Fig.

1.6 a,b.

The product sensor detects the package on the lifting table. The machine is in a
delay state. The motor of the machine starts to accelerate and the package is lifted
with the help of a lift. The car is running at full speed (Fig. 1.6 a): the runner continues
to accelerate; the packages continue to accumulate on the conveyor; the product falls
on the lifting table, the table lowers to the supply level, the sensor detects the next
package and the process is repeated. The machine stops (Fig. 1.6 b ): due to the end
of the supply of boxes to the input conveyor, the lifting table remains empty; both
sensors remain open ; the machine stops at the end of the current cycle due to the
activation of the delay function. The machine will restart when the box of tea blocks
the product sensor on the belt and the packages accumulate on the lifting table.

After the boxes with tea have been transferred by the input (main) conveyor to
the lifting table, the following process takes place, which includes three actions [4]:

- packaging lifting;
- film stretching;

- packaging rotation.
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Figure 1.6 — The process of the packaging machine

The drive electric motor slowly reaches maximum speed. During this process,
it is allowed to feed the product along the conveyor. The product feed speed should
be slightly faster than the machine speed. When the feed stops, the machine stops [4].

1.3 Selection of the belt conveyor electric drive system

Based on the technical literature [1, 2, 16], we will analyze various belt
conveyor electric drive systems and choose the most suitable one.

In order to move the executive bodies of working machines and mechanisms
for controlling this movement, the electric drive includes a group of interconnected
and interacting electrotechnical, electromechanical, mechanical elements and devices
[16].

Each belt conveyor differs from another in its purpose and field of application,
so such devices can be operated in a wide variety of adverse conditions. Such
conditions include open air, altitude above sea level exceeding 1000 m, as well as
rooms containing vapors of active substances and characterized by high humidity,
pollution, and high ambient temperature. The task of implementing for this group of
mechanisms of electrical equipment, which in terms of type and performance meets

the listed conditions, as well as having strict requirements for safety, ease of
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maintenance and reliability of operation, has arisen. In some cases, drive motors of
conveyors must have a closed design and have an increased starting torque [2].

The continuous, one-sided nature of the operation of conveyor mechanisms
determines the long-term (continuous) mode of operation of their electric drives,
which are mainly non-reversible, with the exception of technological processes where
a change in the direction of movement is required. Many conveyors for strictly
transport purposes have one constant speed of movement and do not require an
adjustable electric drive. The adjustable electric drive is used in some conveyors that
serve technological processes, where when changing the product being assembled or
processed, a change in the speed mode is required [2].

In modern production, the operation of several conveyors can be combined by
a common technological process, that is, synchronization. In this case, the movements
of individual conveyors are strictly coordinated with each other in terms of speed.
Synchronization of movement (coordinated rotation) of conveyors makes sense when
different products, after the necessary technological operations on separate conveyor
lines, must be connected on the assembly conveyor in exact positional correspondence
with each other.

The most important requirements for electric drives of continuous transport
mechanisms include: ensuring smooth start-up and braking with reliable acceleration
and jerk limitation, as well as the maximum torque of the engine and its derivative.

All the requirements and conditions listed above determine the choice of an
electric drive system for this group of continuous action mechanisms. The most
famous type of electric drive is an unregulated AC drive with asynchronous or
synchronous motors. For installations where there is no regulation of movement speed
and starting torque, it is promising to use asynchronous motors with a short-circuited
rotor, which have an increased starting torque with a relatively unchanged value
during the starting process, due to which there is less heating of the starting motor.

The power of an asynchronous motor with a short-circuited rotor does not
exceed several hundred kilowatts. If you use motors of higher power, this leads to a

noticeable decrease in the power factor of the power supply network, as well as to a
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significant drop in the voltage in the network when the conveyor is started. The use
of a synchronous motor for more powerful installations allows you to significantly
increase the energy performance of the drive. However, installations of this power
have a large mechanical inertia and are characterized by a difficult long start-up,
which can be delayed by 30-100 seconds. Such a start can cause an unacceptable
temperature rise of the synchronous motor and a decrease in the mains voltage over a
relatively long acceleration time interval. Therefore, although synchronous motors
have some advantages compared to asynchronous ones, they have not become widely
used as conveyor drives [2].

The problem of starting powerful conveyors is successfully solved by using an
asynchronous motor with a phase rotor, in which the limitation of starting currents is
achieved and ensures the formation of the given starting characteristic of the drive.

In the electric drive of conveyors with increased requirements for smooth start-
up, a system is used in which the movement from a synchronous unregulated or
asynchronous motor with a short-circuited rotor is transmitted to the mechanism
through an adjustable hydraulic, powder or electromagnetic clutch. The advantages of
this system include: the required value of the moment at start-up; simplicity and
reliability of the electric drive; easy engine start, which is carried out with an
unexcited clutch; the ability to smoothly change the stiffness of the mechanical
characteristics, thanks to which it is relatively easy to ensure an even distribution of
the load between motors in multi-motor electric drives. The disadvantages of such a
system are increased slip losses in the clutch and increased dimensions of the drive,
since the installed power of the clutch will be equal to the power of the drive motor.

For the connecting belt conveyor, where the conditions of the technological
process require long-term operation of the drive at low speeds (PV=100%), a
promising frequency -regulated electric drive with the PF-AD system ( frequency
converter - asynchronous motor). The frequency method of regulating asynchronous
motors is also economical and more accurate compared to others.

Frequency converters are divided into two types according to their design:

a) direct frequency converters ( BITY ) ;
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b) two-link frequency converters (DP Ch ).

Direct m is a reversible thyristor converter. Such converters are connected to
the network without additional devices.

are two-circuit . In modern frequency -controlled asynchronous electric drives,
DC-DC converters with an intermediate link of direct current are widely used. The
main elements of such converters are a rectifier, a direct current intermediate link filter
and an autonomous inverter.

According to the type of inverter, which is a switch on semiconductor power
switches, PFDs are divided into two categories: with an autonomous current inverter

(AIT) (Fig. 1.7) and an autonomous voltage inverter (AIIN) (Figure 1.8) [29].
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Figure 1.7 — Functional scheme of the PPH based on AI S
B — rectifier; F — filter; AI C — autonomous current inverter;
M - electric machine; SUV - rectifier control system ,
SUI - autonomous inverter management system; L ¢- inductance of the filter; f ,, -
setting the frequency of the output current; i 4,— task of the output current in the

direct current circuit.
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The main role in the formation of the output signal of a given frequency Al C

is played by the switching of transistors or thyristors. The higher the switching

frequency, the better the quality of the sine wave at the output of the frequency

converter, but the losses in the converter itself will increase.
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Figure 1.8 — Functional scheme of the DP Ch based on AIN

B — rectifier; F — filter; AUH — autonomous voltage inverter;

M - electric machine; SUV - rectifier control system ,

SUI - autonomous inverter control system; L 4 and C 4 - filter inductance and

capacitance; f ,, - setting the output frequency of the inverter; u 4,— setting of the

output voltage of the rectifier; u ,,— task of the output voltage of the inverter.

With the given algorithms for switching the power switches and the properties

of the inverter power source, the DPF with Al C provides a certain form of the output

current regardless of the load parameters with the possibility of separately adjusting

the amplitude and frequency of the fundamental harmonic of the output voltage or

current of the inverter, while the DPF with AIN provides a specified form of the output

voltage [29 ] .
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The smoothing filter in AIN usually consists of an LC filter. The rectifier is used

as a controlled (thyristor) and uncontrolled (diode) if the task of voltage regulation is
carried out in A and N.

In our case, in the electric drive system, a convenient-to-use uncontrolled
rectifier and autonomous voltage inverter works in the mode of pulse -width
modulation (PWM) of the output voltage, in which both speed and acceleration can
be regulated. The output signal of the frequency converter is a sequence of voltage
pulses of constant amplitude and varying duration, which, under an inductive load
(stator winding), forms sinusoidal currents, which is shown in Fig. 1.9.

The modulation frequency should be an order of magnitude higher than the
highest frequency of the output voltage. The frequency of the output voltage is
determined by the control system. In special cases, in addition to the main circuit
breaker, line fuses, and the main contactor, an electromagnetic compatibility filter, a
switching input reactor, a sinusoidal filter, and an output reactor are included in the

power circuit diagram.
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Figure 1.9 — Output signal of the frequency converter

The principle of operation of such an [F-AD system is that the change in the

frequency f; of the voltage supply motor U ; according to the expression of the angular
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velocity®0 = 2f1/D Jeadstoits change, due to which various artificial mechanical
characteristics are obtained.

This electric drive system makes it possible to smoothly adjust the speed in a
wide range of its change, and the resulting characteristics have high rigidity. With
frequency control of speed, power losses are small. The result of adjusting the linear
speed of the conveyor is the better, the greater the idle moment and the more its
productivity decreases [29].

The frequency converter with AIN does not allow two-way energy exchange
between the network and the electric motor, because it uses an uncontrolled rectifier.
During generator braking, the energy provided by the engine is dissipated in the
inverter elements and the resistor of the braking device, which is connected to the DC
buses through a controlled semiconductor switch.

If the energy exchange between the network and the motor is beneficial for the
implementation of the electric drive modes, the AIN inverters contain an active
voltage rectifier instead of an uncontrolled rectifier. The rectifier and inverter in such
converters are made according to matching schemes that work in PWM mode [29].

Using an active voltage rectifier, not only the regenerative braking of the
induction motor is ensured, but also the operation of the frequency converter with a
given value of the power factor.

Semiconductor frequency converters have become exemplary industrial
equipment of current electric drive technology.

There are the following types of control systems for H inverters: scalar and
vector control.

Scalar control systems are simpler and relatively cheap. They are characterized
by a small range of speed regulation (from 1:5 to 1:10) and relatively low accuracy
and quality of regulation.

Vector control systems can be with or without speed feedback. They are fast-
acting, high-quality and have a speed control range of 1:1000 and more. The
disadvantages of such a system include the need to use a built-in motor or an attached

speed sensor.
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Since in our master's work on a connecting belt conveyor such precise speed
control is not required, we will take scalar control as a basis, which is a simpler
method for controlling a frequency -regulated asynchronous electric drive. Although
with such control, low indicators of quality and accuracy of regulation are observed,
frequency converters with such control can satisfy all the requirements of this
technological process. The idea of scalar frequency control is that the frequency and
amplitude of the output voltage are set for the pulse -width converter. The frequency
can be set from the control panel or the technological parameter regulator. The
required voltage amplitude is a function of frequency. With scalar control, the motor
torque is not regulated, but is determined by the load. The accuracy of speed
regulation and maintaining it at the same level is not high.

With such a control law, the electric drive can work without speed feedback
and have a natural stiffness of mechanical characteristics in a limited range of speed
control. Scalar control can be implemented without speed sensors, currents and
voltages . However, all converters contain current and voltage sensors to provide
service, protection and other additional functions. The voltage sensor is installed in
the direct current circuit, and the current sensors at the output of the inverter are in
two phases [16].

For optimal use of the electric motor and obtaining high energy indicators of
its operation (power coefficients, useful action and overloading capacity), it is
necessary to change the voltage supplied to the motor simultaneously with the
frequency. The ratio of frequency and voltage, which is called 4. law of frequency
regulation, is determined by the nature of the dependence of the load moment MC
from speed [16].

For a connecting belt conveyor in an asynchronous motor at a constant load
moment M ¢ = const, the voltage on the stator must be regulated in proportion to the

frequency according to the following ratio [16]:

Y% t (1.1)
— = const. .
fi

Thus, when carrying out frequency regulation of the motor speed, a frequency

converter must be used, which allows you to also regulate the voltage on the motor
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stator in a certain proportion. Currently, almost all frequency converters have this

option.

1.4 Calculation of the power of the asynchronous motor of the belt

conveyor

The movement of the conveyor belt is transmitted from an asynchronous motor
through a gearbox and a drive drum.

First, let's define the initial data needed for calculations:

- gear type — worm gear;

- force on the drive drum, = 788 N ;

- | linear speed of the belt, v ,=0.17 m/s ;

- d diameter of the drive drum, D »=0.15m;

- gear ratio of the reducer, and ,= 63 ;

- to the angle of inclination of the conveyor, y =0 °.

Next, the necessary power of an asynchronous electric motor is determined

according to the following formulas:

P
I ; (1.2)

where P ;is the power transmitted by the drive drum shaft, W;
7 - the overall efficiency of the electric drive.
The power transmitted by the drum shaft can be determined as:
P3=Fv,, (1.3)
P3=788-0.17 =134 W.

The overall efficiency of the electric drive is expressed as:

N=MNpNm? pch? op, (1.4)

where 7 p is the efficiency of worm transmission, n n= 0.8 ;
1 m - efficiency of the connecting coupling, n m= 0.98 ;
7 pch - Frequency converter efficiency, n pc= 0.97 ;

1 op - Efficiency of drive shaft supports, 17 op = 0.99 .
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n=0.8-0.98-0.97-0.99 =0.753.

Now let's calculate the power of an asynchronous electric motor using the formula

(1.2):
PBJ].}]B. = m = 178 BT
The frequency of rotation of the asynchronous motor is calculated:
N electrical equipment = 1 3 [ D) (15)

where n 3— frequency of rotation of the drive drum. The frequency of rotation

of the drive drum is determined:
60v,

s = Dg’
60-0,17

~3,14-0,15

(1.6)

n, = 21,65 06/MHuH

Then the rotation frequency of the asynchronous motor according to formula
(1.5) will be equal to:
N electrical equipment = 21.65-63 =1364 rpm.

The torque on the drive motor shaft can be determined by the formula:

ipM

where R 1s the radius of the drive drum.
M = M = 1,246 H- M
63-0,753 ’ :

An asynchronous electric motor is selected according to the reference [17] -

4AA56B4UZ, power, P 2pom - 0.18 kW, synchronous rotation frequency, n - 1500 rpm.
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