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PEOEPAT

KBaTiiKaIiiHoi podoTH

"P0o3p00JIeHHS CHCTEMH ABTOMATHYHOI0 KePYBAHHA KOHBECPHOIO JIiHicI0 HA 0a3i

IJIK Siemens 1200"

Bumnyckna kBanidikariitna podora 6akanaBpa MicTUTb 61 CTOpiHOK, 37 PUCYHKIB,

3 tabmuti, 12 mKepen.

KitouoBi ciioBa: aCMHXpOHHHM JIBUTYH, KOHBEEP, MPOrpaMOBaHUN JIOTIYHUN KO

HTpPOJIEP, KOHBEEPHA JIIHISA COPTYBAaHHS, MOJICTTIOBAHHSI.

Meroro kBamdikaiiiiHoi poboTu OakanaBpa € po3poOka aBTOMATU30BAHOIO

KepyBaHHs KoHBeepHO JiiHiero Ha 0a3i [1IJIK Siemens 1200.

[JIK Siemens S7-1200 € mOTY»XHUM Ta KOMITAKTHUM KOHTPOJIEPOM, KU HIHPOKO
BUKOPHCTOBYEThCSI B TIPOMHUCIOBUX CHUCTeMax aBToMaru3aiii. Bin Mae BOymoBaHi
M(ppOBI Ta aHATIOTOBI BXOJIU/BUXOY, MOXJIMBICTh PO3IIMPEHHS 32 IOOMOTOI0 MOAYIIIB
BBEJICHHS/BUBEICHHS Ta MATPUMYE pi3HI KomyHikaliiHi inTepdericu. [IJIK Siemens S7-
1200 mpaiftoe Ha OCHOBI MpOrpaMOBaHHS Ha MOBI cxeM JioriyHux kKoHTtakTiB (Ladder

Diagram), 1o crpoiirye po3poOKy Ta HaJaroKEHHsS TPOrpaMHOro 3a0e3MeUeHHS.

BukoHano po3paxyHOK 1 BuUOIp €IEKTPONPUBOAY KOHBEEPIB, PO3POOJICHO Ta
peaizoBaHHO AJITOPUTM KEPyBaHHsS, CHHXpPOHI3AIlli omepimiii. B 3anexHo Bl BUMOT

3aMOBHHMKA MOKJIMBE 3aCTOCYBaHHS 1HIIMX TEXHIYHHUX PIlICHb.

[ToObynoBaHi mMareMaTuyHi MOJENl IMYyCKy ABUTYHIB 1 JOCHIIKEHI iX TMepexiaHi
npoiiecu enekTpornpuBony Ha EOM B cuctemi imitariiitHoro moaentoBanus MATLAB —

Simulink.



ABSTRACT
of qualification work

"Development of an automatic control system for a conveyor line based on

Siemens 1200 PLC"

The bachelor's thesis contains 61 pages, 37 figures, 3 tables, 12 sources.

Keywords: induction motor, conveyor, programmable logic controller, conveyor

sorting line, modeling.

The purpose of the bachelor's thesis is to develop an automated control of a

conveyor line based on Siemens 1200 PLC.

The Siemens S7-1200 PLC is a powerful and compact controller that is widely used
in industrial automation systems. It has built-in digital and analog inputs/outputs, can be
expanded with /O modules, and supports various communication interfaces. The
Siemens S7-1200 PLC operates on the basis of programming in the language of logic
contact diagrams (Ladder Diagram), which simplifies software development and

debugging.

The calculation and selection of the electric drive of conveyors were performed, a
control algorithm and synchronization of operations were developed and implemented.

Depending on customer requirements, other technical solutions can be used.

Mathematical models of motor starting were built and their transient processes of
the electric drive were studied on a computer in the MATLAB-Simulink simulation

system.
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BCTYII

B cywacHomy cBiTi aBTOMaru3allii BHPOOHHUIITBA € BaXJIMBOIO CKIIAJOBOIO
YCIIIIHOTO (PYHKIIIOHYBAaHHS MIANPUEMCTB. ABTOMAaTH3allisl BUPOOHUIITBA JI03BOJISE
MiABUIIUTH MPOAYKTUBHICTh, SIKICTh BHPOOIB, 3MEHIIUTH BUTPATH Ha OILJIATy Mpalll Ta
MaTepiajiy, IIBUIIUTH Oe3MeKy Ipalll Ta 3a0e3MeUnTH CTablIbHICTh BUPOOHHUIITRA.

OaHuM 3 KJIIOYOBUX €JIEMEHTIB aBTOMATH3allli € CHUCTEMU aBTOMAaTHYHOIO
KepyBaHHS, [0 BKIIOYAIOTh B ce0€ KOMIUIEKC €EKTPOHHUX MPHUCTPOIB Ta MpPOTpamHe
3abe3nedyeHHsa. CUCTEMH aBTOMAaTHUYHOTO KEPYBaHHS J103BOJISIIOTH 3a0€3M1E€UNTH KOHTPOJIb
Ta YNpaBJiHHA NPOLECAMH BUPOOHUIITBA, ONTUMI3yBaTH BUKOPUCTAHHS OOJIaHAHHA Ta
3MEHIIUTHU KUIbKICTh BIXUJICHB B AKOCT1 MPOAYKIIIi.

OnHuM 13 3aBJaHb aBTOMaTH3allll € KepyBaHHS KOHBEEpPHOIO JiHI€0. KoHBeepHa
JHIA € KIIOYOBUM €JIEMEHTOM BUPOOHUIITBA, IKUI 3a0€31euye MepeHeCeHHs MaTepiaiiB
Ta BUPOOIB BiJ] OJTHIET TOUKH JO 1HINOI. 3aBAaHHS KePYBaHHS KOHBEEPHOIO JIHIEIO MOJISATAE
y 3abe3mnedeHHi Oe3nepebiitHOi poOOTH KOHBEEpa, KOHTPOJl 3a MarepiajiaMu Ta
NPOAYKTaMU Ha KOHBEEPI, IX PO3MOJILII Ta NEPECYBAHHI 10 KOHBEEPI.

VY nmaniit kBamidikaiiiHii poOOTI pO3MIIHYTO PO3POOKY CUCTEMHU aBTOMATUYHOTO
KepyBaHHs KOHBeepHOIo JiHiero Ha 0a3l [IJIK Siemens 1200. IIpu po3poOui cuctemu
OyyTh BUKOPHUCTAHI Cy4YacHl1 €JICKTPOHHI KOMIIOHEHTH Ta TNporpaMHe 3a0e3MeyeHHS.
Pe3ynbraroM poOOTH € CTBOPEHHS CHUCTEMH, IO JIO3BOJIMUTH 3a0€3MeunT Oe3nepeOiiHy
poOOTy KOHBEEPA Ta MIABULIUTH NPOAYKTUBHICTH BUPOOHHUIITBA.

Kpim TOro, KOHBEEpPHI CHUCTEMH OCHAIIYIOTbCS PIZHUMH JOJATKOBUMH
OPUCTPOSIMU, K1 POOJATH 11X OUIBLI YHIBEpCAJTbHUMHU 1 3a0€3MeUyl0Th BUCOKY
NPOAYKTUBHICTh Ta e(eKTUBHICTb. Hampukian, cuctema copTyBaHHS TOBapiB Ha
KOHBEEP1 JO3BOJIIE aBTOMATUYHO PO3MOAUIATA TOBApW 3a TEBHUMU KPUTEPISIMH, IO
3MEHIITY€ Yac Ta 3aTpaTH Ha PyYHY COPTYBaHHSI.

Opnnak, mo6 3a0e3neyntd eeKTUBHY poOOTY KOHBEEPHOI JiHii, MOTPIOHO MaTu
BINOBIIHY CHUCTEMYy KepyBaHHs. Taka cucTeMa Mae 3a0e3leuyBaTh aBTOMAaTUYHHIMA
KOHTPOJIb 32 PyXOM MaTrepiajiB Ha KOHBEEPI, PETYJIIOBATH MIBUIKICTh PYXY, 3A1MCHIOBATH

KOOPJMHAIIII0 POOOTH BCiX MPUCTPOIB, K1 3aTy4€Hi 10 pOOOTH KOHBEEPHOT JTiHI1.
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Jiist peanizaniii Takoi CHCTEMU aBTOMaTUYHOTO KEPYBAHHSI JIOLJIBHO BUKOPUCTATH
nporpamoBadi Joriuni koHTposiepu (ITJIK). Omaum 3 mpoBigaux BupoOHUKIB I1JIK €
Siemens, skuii npornoHye pizHomaHiTHI Mmomeni [IJIK 3 pisHUM QyHKIIOHANIOM Ta
XapaKTePUCTUKAMH.

VY 3B'A3Ky 3 BHUCOKMMH BHUMOTaMH /10 €(PEKTUBHOCTI Ta SKOCTI BHUPOOHHIITBA,
aBTOMAaTH3allisl MPOIECiB KePyBaHHS CTajla HEOOX1IHICTIO sl OUIBIIOCTI MiATPUEMCTB.
VY cydacHHX yMOBaX BaKJIMBO MAaTH MOXJIMBICTh KOHTPOJIIOBATH MPOIIECH BUPOOHUIITBA
Ha PI3HUX eTanax, a TAaKOX pearyBaTH Ha MOXKJIMBI IIOMUJIKU Ta HECIIPABHOCTI.

OanuMm 3 HaWOUIBII MOMIMPEHMX Ta e(EeKTUBHUX 3aco0iB aBTOMaTH3allli €
nporpamoBani JioriyHi koHTposiepu (IJIK). IUIK € nHamiinum Ta e(exkTHuBHUM
IHCTPYMEHTOM JIJIs1 KepyBaHHS MPOIecaMy BUPOOHUIITBA, 110 JO3BOJISIE€ 3HU3UTH BUTPATH

Ha BUPOOHHUIITBO Ta M1JBULIUTH IPOAYKTUBHICTb.



PO311J1 1 AHAJIITUYHA YACTHHA

1.1 Buau konBeepiB

KonBeep — MammHa 6e3nepepBHOi 1111, IpU3HAYeHa ISl TPAHCIOPTYBaHHS
HACHUITHHX 1 IITyYHUX MaTepiajiiB 3 OMHOTO MICLA B 1HIIIE.

[cHyIOTH HACTYIIHI TUITH KOHBEEPIB:

— CTpiukoBUl - y TakMX KOHBEEpAX pPyX BaHTaXy 3IIACHIOEThCS 3a
JIOTIOMOTOI0 3aMKHYTOI CTPIYKH, MPUBOJUMOIO y PyX CHJIOI0 TEpPTS MDK HEH Ta
OpUBOAHUM OapabaHOM. BUKOPUCTOBYIOTBCS [UIsl TPaHCIOPTYBaHHS BAHTaXy IIO
TOPHU30HTAJI Ta MOXWJIOK TUIOHMHOI. CKIaTaeThCsl 3 KOHBEEPHOI CTPIUKU, MPUBOIA,
IIOCTaB 3 POJIMKOOTIOPAMH, 3aBAHTAXKYBAJILHOTO 1 HATSLDKHOTO MPUCTPOIB. Taki KOHBEEPU

MalOTh BUCOKY IIPOIYKTUBHICTB, sika csirae 30 Tuc. T/rof, a ToBKKHA 15 THC. METPIB.

Pucynok 1.1 CtpiukoBuii KOHBEEp

— ['BUHTOBUI — pyX BaHTaXy 31HCHIOETHCS BOJIOUIHHSIM BaHTAXY JIOTACTIMU
00epTOBOTO TBHHTA B3JIOBXK HEPYXOMOTO Kojo0a. BUKOpHUCTOBYIOTBCS ISt
TPAHCIIOPTYBAHHS CUMKUX, MUAJIOMOAIOHUX, APIOHOKYCKOBHUX, MOPOIIKOBUX Marepiaji y

BCPTUKAJIIBHOMY, TOPH30HTAJIbHOMY Ta IIOXWJIOMY HalIpAMKax. Takox MOXYTb
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BUKOPHCTOBYBATUCS SIK J103aTOpU a00 3MilTyBadi. [X KOHCTPYKIlisI HE € CKJIAaJHOI0 Ta
mpocta B OOCIyroByBaHi, MalTh HEBEJIWKI Tra0apuTH, TEPMETHYHI Ta 3/IaTHI
TPAHCIIOPTYBATH IOy TBOPIOBAJIBHI, Taps4i Ta TOKCHYHI MaTepianu. [IpoTe Hemomikom

€ 3HaYH1 3HOIIYBAaHHS YaCTUH MEXaHI3My, BUTPATU €HEPrii Ta CTUPAHHS BaHTAXYy.

Pucynok 1.2 ' BUHTOBUI KOHBEEP

— CkpeOKOBI — 3aCTOCOBYIOThCS JJIs IEPECYBAaHHS MaloaOpa3UBHUX, CUIIKUX,
a B JESKHUX BUIAJKaX 1 IMTYYHUX BAHTAXIB 3a JIONMOMOTOI0 CKPEOKIB 3’€THAHUX MIXK
co0010 3a JIOTIOMOTOI0 TSATOBUX JIAHIIIOTIB Y TOPU30HTAIBHOMY Ta BEPTUKAJIHLHOMY
nojoxeHi. Bouu HaziiiHi Ta He BUOAMBI B €KCIUTyaranii Ta npoaykrtuBHi. Hegomikom €

IIBUJIKUH 3HOC CKPEOKIB.
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Pucynok 1.3 CkpeOkoBuii KOHBEED
— BiOparmiitai — mpuHIMI 1ii OCHOBaHWN Ha KOJWBAJILHOMY pyci poOodoro
BaHTA>KOHECYUYOTO Oprany. BukopuctoByroTbcs IS TPaHCIIOPTYBAHHS
BHCOKOJMCIIEPCHUX MaTrepiajiB B TOPU30HTAIBHOMY, BEPTUKAIBHOMY Ta IOXHUIOMY
HanpsiMax. 3a3Buyail BiOpalliifiHi KOHBEEPHU 3aCTOCOBYIOTHCS Y TIPHUYIHM TPOMUCIOBOCTI
JUTSL TIEpEMIIIEHHST MiAipBaHoi pyau. Buxomasum 3 1IbOr0 KOHCTPYKIliS MOBWHHA Oymu

MPOCTOO, MIIIHOKO Ta HAIHHOIO.

Pucynok 1.4 BiGpauiiiHuii KOHBE€ep

— IInactrHyacTi - CKJIadal0ThCA 3 IIJ1aCTHHYaCTHUX J'IaHI_IIOFiB .

BukopucToByeTbCsl y TUX BHIAJIKaX, KOJU CTPIYKOBUN aHAJIOT HE MOXE BUTPHUMATH.
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Takox BUKOPUCTOBYETHCS JUISI COPTYBAHHS JIETKOI 3a Baror MPOMYKIi, IO Tiajsrae
aBTOMaTUYHOMY COPTyBaHHIO. [ImacTuHYACTI KOHBEEPH MAlOTh BHCOKY HAQAIMHICTH Ta,
3aBIISIKH CBOIM YHIBEPCAIBHOCTI, OLTBII ITUPOKUN aCOPTUMEHT BaHTAXKY JIJIsl COPTYBaHHSI.
Ane MBUIKICTH PyXy BaHTaXy Maja, KOHBEEp Ma€ 3HA4YHYy Macy, CKIAIHICTh Ta
JIOPOTOBU3HY BHUKOPUCTAHHS OB’ S3aHUX 3 BEJMKOI KUTHKICTIO MIAPHIPHUX €JIEMEHTIB,

110 MOTPEOYIOTh PETYISIPHOTO 3MaKUyBaHHSI, Ta BUCOKY BUTpATy €HEPTii.

PucyHnok 1.5 IInacTuHuacTuii KOHBEEP

— Posnbrasr (poamkoBi) — poJIMKH, 3aKPITUICH] HA HEBEJIUKIN BIACTaH1 OJIUH BiJ
OJHOTO. IX MOMiNAOTH, HA JBAa BMAM: HENpPUBOAHI (TpaBiTaliiiHi) Ta NPUBOIHI.
HenpuBoaHi BCTAaHOBIIOIOTH 11T HEBEJIMKUM KyTOM, 3aBISTKA YOMY BaHTaXK PyXa€ThCS i1
JUEI0 CUIIM TSXKIHHA. Y MPUBOIHUX PYyX 3a0€3MeUy€eEThCS TPYNOBUM a00 1HAMBIAYaJTbHUM
MPUBOJIOM. POIMKY MOHTYIOTHCSI Ha KOPCTKIM paMi. 3aCTOCOBYIOTHCS JIJISl IEPEMITIICHHS
MOIITYYHUX BaHTaxiB. Takuil Bua KOHBEEPA i/1€aIbHO MiXOIUTH AJISl TPAHCTIOPTYBAHHS

HECUIIKUX MaTepiaiB.
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PucyHnok 1.6 PonmkoBunii KOHBE€Ep

Tako 70 KOHBEEPIB BIIHOCSTH €JI€BaTOPU Ta €CKAJIATOPHU.

1.2 IlepeBaru Ta He0JIIKH KOHBEEPIB

[lepeBaru KOHBE€PIB:

1. [Ti1BUIIEHHS TPOYKTUBHOCTI: KOHBEEPH 37aTHI MEPEBO3UTU BEIMKI 00CATH
TOBapiB 3 MIHIMAJIbBHUMHU 3aTpaTaMy 4acy Ta 3yCUJIb IPALliBHUKIB.

2. 3HM)KEHHS BUTPAT: KOHBEEPH 3MEHILYIOTh BUTPATH HA TPAHCIIOPTYBAHHS,
30epiraHHs Ta YNPaBIiHHS CKJIaJlaMH.

3. 30UTbIIIEHHS SIKOCT1: 3 BUKOPUCTAHHSM KOHBEEPIB 3MEHIIYETHCSA KITBKICTh
MIOMUJIOK TIPH 00pOOIIi TOBAPiB, a TAKOX 301IIBIITYETHCS TOUHICTH Ta MIBUIKICTH OOPOOKH.

4. 3HW)KEHHSI PU3UKY TPaBM Ta MiABUIIECHHS O€3MEKH MpaliBHUKIB: KOHBEEPH
3MEHINYIOTh KiJIBKICTh PY4YHOI POOOTH, THUM CaMHUM 3MEHINYIOYM PHU3UK TpaBM Ta
M1JBUIYIOUN O€3MeKy MpalliBHUKIB.

5. 3MEHIIIEHHS! BIUTMBY Ha HABKOJMWIIHE CEPEIOBHINE: BHUKOPHCTAHHSA
KOHBEEPIB MOXKE 3MEHIITUTH KUIbKICTh BUKU/IIB BITXO/IIB Ta 3a0pyTHEHb, 10 Bi0YyBAETHCS
IPY TPAHCIIOPTYBaHHI TOBAapiB 3a JOTIOMOTO TPAHCHIOPTHUX 3aCO0IB.

Henomiku KoHBE€EpIB:

1. Bucoki BUTpatu Ha MOKYINKY Ta YCTaHOBKY: KOHBEEPU € CKJIQJHUMHU

KOHCTpYKIIiHMH Ta BUMArarOTb BEJIMKHUX BUTPAT HaA X HpI/I,Z[6aHH5[ Ta BCTAHOBJICHHA.
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2. OOMexxeHHsI B pO3MIIIEHHI: KOHBEEPU MOTPEOYIOTh MEBHOI IUIONI AJis 1X
BCTAQHOBIICHHSI Ta BHUKOPHCTAHHA, IO MOXe OyTH HEJOCTYIHHUM Yy HEBEIMKHX
MPUMIIICHHSIX 200 MICIISX 3 0OMEKEHUM MPOCTOPOM.

3. OOMexxeHa THYYKICTb: KOHBEEPH HE JO3BOJSIOTH IIBHJAKO 3MIHIOBATH
BUPOOHUYI mporecH abo BUPOOHWYI MOTpPeOW, OCKUIBKM 3a3BUYail MpHU3HAYCHI AJIs
NIEBHOTO TUITYy TOBapiB a00 Il MEBHOTO MPOLECY.

4. CkiaHa MOHTa)KHA 1HCTAJISIIS: KOHBEEPU MOXKYTh OyTH CKIQIHUMH JJIS
MOHTAaKy Ta HaJIaro>K€HHs, 1110 MOKE BUMaraTu JOJaTKOBOTO Yacy Ta BUTpAT Ha poOoTy

CHEIaTICTIB.

1.3 KonBeepHi copryBasibHi JiHII

KonBeepHa miHISI — TEXHOJOTIYHA BaHTAXKHO-TPAHCIIOPTHA CHUCTEMA, sKa
CKJIQJIa€ThCs 3 IBOX a00 JACKUIBKOX MOCIII0BHO PO3TAIIOBAHUX KOHBEEPIB.

KonBeepHi copTyBasbHI JIiHIT — CUCTEMa aBTOMaTUYHOTO COPTYBaHHS BaHTaX1B 3a
JIOTIOMOT'O0 KOHBE€EpA.

KonBeepHi copTyBasibH1 JIiHIT CKJIAIal0THCS 3 PI3HOMAHITHUX KOMIIOHEHTIB, TAaKHX
K poO04l CTOJIM, MPUCTPOT JIJIs PO3Mi3HABAHHA Ta Kiacudikailii MpoxyKTiB, Pi3HI BUIU
KOHBEEPIB, II0 NEPEMINIYIOTh MPOAYKTH Ha poOOYl CTOJIM, TPAHCIOPTHI 3acO0M s
BHUBE3CHHS COPTYBaHUX IMPOIYKTIB Ta KOHTPOJBHI MIPHUCTPOI JIT MOHITOPUHTY TIPOIIECY
COpPTYBaHHS.

Kopucth mofiOHUX CHUCTEM MOJATa€e y MOJIETHIEHHI Ta MPUIIBUAIICHI POOOTH.
[IpamiBHUKaM TPOCTO XAOTUYHO BHUKJIACTH TEBHUI BaHTAX HA TPAHCIOPTYBAIbHY
CTpPIUKY, 1 aJli CHCTEMA 3a 3aJIaHUM AJTOPUTMOM COPTYE ii 3a MEBHUMHU TTapaMeTPaMH.
Cucrema MOXke COpTyBaTH Oy/lb-1110: pi3HOTa0apUTHI MOCUIIKH, (POPMH, JAETalll TOILIO.

Taxka niHiS po3MOALISE BaHTaXK1 Ha Oararo MIBHIIC Ta TOYHIIIE, HIXK JIFOMHA, 1110
Maiihke BUKITIOYa€ PU3HUK MMOMIJIOK BHACIIIOK JIFOICEKOTO (hakTopa. Takok cucTeMa MOXKe
mparfoBaty 1101000B0. KoHBeepHEe cOpTyBaHHS BKpail KOpHICHE Jii BUPOOHMKIB,

HiANPUEMCTB, TUCTPUO IOTOPIB Ta 1H.
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CopryBajibHa KOHBEEpHA JIIHIS CXO)Ka Ha 3BWUYAMHI JIHIT COPTYBaHHS, K1 € Ha
OaraTthox mianmpueMcTBax. Pi3HUIIA Toisrae y 3aBHaHHSAX WX JiHINA. SKkmo ocraHH1
TPAHCIIOPTYIOTh BaHTaX 3 TOUYKH A B TOYKy b, TO aBTOMarnyHWil KOHBEEpP BUKOHYE
nofatkoBi (yHKII, skl Oynu mpsMUMH O00OB’s3kaMu TpaiiBHUKIB. lle, Hampukian,
imenTudikaiisi, CKaHyBaHHs, 3BaXyBaHHA Ta 1H. CHcTeMa BHUKOHYyE Il oOmeparii

aBTOMAaTUYHO, Ta HAMpaBIIs€ y MOTPIOHUI KOHTEHHED.

14 IIporpamoBaHuii JIOTiYHUI KOHTPOJIEP

[IporpamoBanuit  noriunuii  kontponiep (IJIK) — me mpuctpiif, skwuii
BUKOPHCTOBYETHCS JIJIsl aBTOMATU3al1l11 TEXHOJOTTYHUX MPOLECOPIB.

IUIK ckmanaerses 3 neHtpainbHoro mporecopa (CPU), mam'sti, BXITHUX Ta
BUXIJTHUX MOJAYIIB, a TaKOXX IMPOrpamMHOro 3ade3meueHHsd. BxigHi Moayil NpUiMaroTh
1H(pOpMaLIiIO Bl JaTYMKIB Ta ITHIIMX MPUCTPOIB, @ BUXIJAHI MOAYJI NEPENAIOTh CUTHAIH
710 TIPUCTPOIB KEpyBaHHs Ta BUMIPIOBAHHS.

3acrocyBanHs [IJIK B sKocTI cremianizoBaHUX KOMIT IOTEPU30BaHUX 3ac001B
aBTOMaru3alii nependayae ix TpruBajie aBTOHOMHE BUKOPUCTAHHS

MpPaKkTUYHO ©Oe3 OOCIYyroByBaHHsS 1 BTPYYaHHs JIIOJMHHU, YaCTIIIE€ BChOTO, B
CKJIQJHUX YMOBaX €KCILTyaTallii.

[JIK nanexarb 0 MPUCTPOIB, MPU3HAYECHUX JUIsI pOOOTH B CHCTEMaxX peajbHOTo
yacy 1 MaroTh JICKIJIbKA BIIMIHHOCTEHN BiJ IHIIIMX MOAIOHUX TPUCTPOIB.

Ha BigmiHHYy BiJl MIKpOMPOIIECOPiB 3 KOpCcTKOIO Jyorikoto [JIK mpuitHsaTHIm y
pa3i OMMHUYHOTO 1 APIOHOCEPIHHOTO BUTOTOBJIEHHS CUCTEM KEepyBaHHS, OCOOIMBO TIPH
CHUCTEM BUTOTOBIIIOTHCS SIK CAMOCTIMHI BUPOOH.

Cyuacui I1JIK € BinbHO nporpamoBanumMu. Yci moBH [TJIK maroTh jgerkuit qoctyn
JI0 MalyJIloBaHHS OiTaMud B MAaIIMHHUX CJOBaX, Ha BIAMIHY BiJl OUIBIIOCTI

BHCOKOPIBHEBUX MOB IMPOTPaMyBaHHs Cy9aCHUX KOMIT FOTEPIB.
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Jist  Oynb-KOro BUPOOHHUYOTO TMPOIECY ICHYE >KOPCTKUM pEIrIaMEeHT, SKOTO
HEOOXITHO MIATpUMYBAaTUCA JANsl  3a0e3MeueHHs MPOAYKTHBHOCTI Ta  SKOCTI
TEXHOJIOTTYHOTO Tporiecy. CKIIaaHi MPOoIecH MOIJICHHI Ha eJIeMEHTapH1 oreparti.

[Tpu aBTOMaTH3AIIIT TEXHOJIOTTYHUX MIPOLIECIB BUHUKAE HEOOX1IHICTh Y KEpyBaHHI1
nporiecamMu 0e3 BTpy4YaHHS JIFOAMHU, TOMY 3aCOOM aBTOMAaTH3aIlil MOBUHHI 3a0€3MeUNUTH
BEJICHHS IIPOLIECY BIAMOBITHO /10 33aHOTO aIropuTMy KepyBaHHs. Cxema, 110 MOSICHIOE,
SKMM YMHOM B3a€MOJIIIOTH TEXHIYHI 3aCO0M B3a€MOJIIIOTh TEXHIYHI 3aCO0H, Ha3UBAETHCS
CTPYKTYPHOIO CXEMOIO KEPYBaHHS.

JIJisi BUKOHAHHS €JEMEHTApHOi JIOTIKM BHKOPUCTOBYIOTH PpEIECHHO-KOHTAKTHI
INPUCTPOI, TaKI SIK: €JIEKTPOMArHiTHI pelie, MycKadl, IepeMuKadil, KHOIKH TOLIO.

OcHOBHI eJeMeHTapHI JIOT14HI Omepallii, SKi BUKOPUCTOBYIOTh B MPOTrpaMOBaHUX
noriyHux koHTponaepax (I1JIK), BkiaroyaroTh Taki:

l. Jloriune "I" (AND). s onepauis noBeprae TRUE (joriuyHy oauHHIIO)
TUIBKH B TOMY BUNAAKY, ko oouaBa BxijHi curHaid TRUE. B inmomMy Bumajaky BoHa
noseprae FALSE (soriuunii Hymb).

2. Jloriune "ABO" (OR): La oneparis noseprae TRUE, sikimio xo4a 6 onuH 3
BxiHux curdaiaiB TRUE. Bona noseprae FALSE, sikiio oouaBa Bxiani curnanu FALSE.

3. Jloriune "HE" (NOT): L5 onepatis 3MiHIO€ 3HaU€HHS BX1JTHOTO CUTHATY Ha
npotmiexkHe. Akmo Bxigauii curaan TRUE, To Bona noseprae FALSE, 1 naBnaku.

4. Jloriune "XOR" (exckmo3uBae ABO): s oneparrist noBeprae TRUE, sikiio
kitbKicTh TRUE BXimamx curHaiiB € HemapHoro, 1 FALSE, sxmo kigbkicte TRUE
BXIJIHUX CHUTHAJIIB € ITAPHOIO.

3. Jloriune "HE-I" (NAND): s onepanis noeprae FALSE, sikmo obuasa
BxiaHi curHanu TRUE, 1 TRUE B Oyap-sikoMy 1HIIOMY BUTIAJKY.

6. Jloriune "HE-ABO" (NOR): g onepanis noBeprae TRUE, sikmo obuasa
Bxi7H1 curHanu FALSE, 1 FALSE B Oyap-sikoMy 1HILIOMY BHUITAJIKY.

I{i enemenTapHi JOTiYHI omepallii KOMOIHYIOThCS NJii CTBOPEHHS CKJIQHIIINX
JIOTIYHUX BUPA3iB, K1 BUKOPUCTOBYIOThCS B mporpamax [IJIK nis kepyBaHHS pi3HUMHU
mpollecaMu Ta MPUCTPOSIMHU B aBTOMAaTH30BAaHUX CHCTEMax, IO J03BOJISIE BUKOHYBATH

3aBIaHHS P13HOI CKJIAHOCTI.
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1.5 Mosa LD

Moga peneiinux miarpam LAD (Ladder Diagram) abo peneiiHO-KOHTAaKTHUX CXEeM
(PKC) — rpadiuna MoBa, 1o peai3ye CTPYKTYPH €IeKTPUYHUX JIAHITIOTIB.

JIAJl BuHMKIA 3 TOTPEOM B MPOCTOMY Ta 3pO3YMIJIOMY 3ac001 MporpaMmyBaHHs
JoTikd yrpaBmiHHA. Bona 3'sBunacs B cepeanni 20-ro CTOMITTS K copolieHa ¢opma
nporpamyBadHs pene. [louatkoBo JIAJl BuKOpHCTOBYBaslacs B EIIEKTPOTEXHIYHUX
CUCTEMax, a 3Tr0JIOM 3HAMIIIa IUPOKE 3aCTOCYBaHHS Yy BUPOOHWYIN aBTOMaru3alli Ta
KOHTPOIL.

I'padiuyno LD-miarpama 300pakyeTbcs y BHUINIAI JABOX BEPTUKAIBHUX IIUH
XKUBJIEHHSA. MK HHMMHM pO3MIIIEHHI JIAHIIOTH, YTBOPEHH! 3’€JIHAHHSIM KOHTAKTIB.
HaBaHTa)keHHSM KOXKHOTO JIAHITIOTA CIYXHUTh pelie, KOKHE 3 SIKUX Ma€ KOHTAKTH, SKi
MOKHAa BUKOPUCTATH B IHIIUX JIAHIIOrax. 3a JomoMoroto MoBu LAD MOXIUBO JIerko
BI3yaJli3yBaTH JIOTI4HI oneparlii, mo BuUkoHyroThcs B IIJIK, 1 BimchigkoByBaTu cTaH
BXITHUX Ta BUXIJTHHUX CUTHAJIIB.

JIAJI. mupoko BUKOPUCTOBY€ThCA Juisi mnporpamyBanHs [IJIK, ski 3marHi
KOHTPOJIFOBATH Pi3HI MPOMUCIIOBI MPOLIECH, TaK1 IK aBBTOMaTUYHE BUPOOHUIITBO, CUCTEMU
yIpaBIiHHAS OyIIBISIMU, MAIIMHOOYyBaHHS, TpaHCHoOpT 1 6arato iHmoro. JIAJ[ Takox
MOke OyTH 3aCTOCOBAaHA JJII MOZENIOBAHHS Ta CUMYJALIi poOOTH CUCTEM YIpaBIiHHS
nepen ix (pi3UYHOI0 peani3ali€ero.

OcHogHi enemenTd MmoBu LAD:

1. KonTakTu - cumBoiizytoTh Bxoau [1JIK, Taki sik faT4uku, KHOMKU 1 T.71. BoHM
MaroTh ABa cTaHu: 3aMKHEHO (1) abo posimkHeHo (0).

2. Pene - cumBonizytors BuxinHi curHanu [1IJIK. Bonu € aktuBaumu (1) abo
HeakTuBHUMHU (0).

3. broxu noriuaux omnepariiii - BKIrouarTh B cede oneparii "I" (AND), "ABO"
(OR), "HE" (NOT) Ta iHmu1.

4. broku 3aTpUMOK - BUKOPUCTOBYIOTHCS JIJISl 3aTPUMKH BUKOHAHHS JIOTTYHUX

orepailiil Ha 3aJlaHui yac.
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5. bnoku TaiiMepiB - BUKOPUCTOBYIOTHCS JUIsl BAMIPIOBaHHS Yacy Ta BUKOHAHHS
MIEBHUX JiH B 3aJIC)KHOCTI BiJ] YaCOBUX 1HTEPBAITIB.

Y LAD eneMeHTH pO3TAlIOBYIOTHCS TOPU30HTAIBHO Ha "MiHISIX" (PIBHSAX), SIKI
BIIOOpaKaroTh TMOCTIAOBHICT, TOAINW. PiBHI TMOB'sS3aHI 3 JIOTIKOIO MpoTpamMu 1
BUKOHYIOTKCS BiJl BEpXHBOTO JIO HIPKHBOTO.

JIinii, mo 3'€qHYIOTh KOHTAKTH Ta KOTYIIKH, BKa3ylOTh Ha JIOT1YHI 3B'SI3KH MIXK
HUMU. SIKIO 3B'S30K 3aMKHYTHM, 1€ O3HAYAE, IO aKTUBAIlS KOHTAKTYy MPHU3BOIUTH JI0
aKTUBAIIll KOTYIIKHA a00 1HIIIOTO KOHTAKTY, 3 IKUM BIH MOB'S3aHUM.

Y LAD MOXJIMBO BUKOPHMCTOBYBAaTHM KOMOIHAIlli KOHTAKTIB Ta KOTYIIOK JJist
CTBOPEHHS CKJIQJHUX JIOTTYHUX BUpa3iB. Hanmpukiaa, BAKOPUCTOBYBAaTH CEPII0 KOHTAKTIB,
o0 CTBOPUTH TIOCHIJIOBHY JIOTIKY, a00 mapajielbHl KOHTaKTH [IJIi CTBOPEHHS
aNbTePHATHBHUX IIJISTX1B BUKOHAHHS.

IIpu cTtBOopenHi cermenTa LAD HE0OX1AHO JOTPUMYBATHUCS TAKUX IPABUIIL:

1. He MoxxHa cTBOproBaTu po3raiayeHHs, sSIKl IPU3BEIYTh J0 PEBEPCYBAHHS

MOTOKY CUTHAJIIB.

A B C D Z
[ || | | | 1 {
II I I | k}
E F
| | X|I
1 |
-
H G
| | lll

Pucynok 1.7 HenpaBuiibHE 3'€THaHHS €JIEMEHTIB CXEMH
2. He MokHa CTBOpIOBAaTH pPO3raiy>KEeHHsI, SIKI MPHU3BEAYTh JI0 KOPOTKOTO

3aMHUKaHH.

)
L

Pucynok 1.8 Po3ranyneHssi, 1110 NpuBOIUTh 10 KOPOTKOTO 3aMHUKAHHS
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OcHoBHrM TmiepeBaroro MoBu LAD € mpocToTa BUKOPHCTaHHS Ta Bi3yasibHa
3po3ymimicth. IIpoTe, MoBa Mae CcBOi OOMMEXEHHS, 30KpeMa MPOOJIEMaTHYHICTh
MporpaMyBaHHS BIIHOCHO CKJIQJHUX JIOTIYHUX OTEepalliid Ta yrpaBIiHHS MOC1TOBHICTIO
BUKOHAHHS KOMaH]I.

Taxox Hemonikom MoBu LAD € HEOOX1AHICTh BUKOPUCTOBYBATH BEJIMKY KIJIbKICTh
rpadiyHUX CUMBOJIIB Ta KOHTAKTIB peJie IS CKIIaTHUX MPOoTpaMm, [0 MOXKE IPU3BECTH JI0
3aITyTaHHS Ta CKJIATHOCTI po3yMiHHS mporpamu. Kpim toro, MoBa LD He miaxomuTs ajis

peadizailii BUCOKOPIBHEBUX aJTOPUTMIB Ta orepalliidi 3 00poOKU JaHUX.

1.6 Mogsa FBD
OynkiuonanbHas 61ok-cxema (FBD) € rpadiunoro MoBor0 mporpaMmyBaHHS, sSiKa
BUKOPHCTOBYETHCS JUISI OMHCY JIOTIKM YIPAaBIHHSI B TPOrPAMOBAHHUX JIOTIYHUX
koHTpoJepax (IJIK) Ta iHmumx aBTomMaruzoBaHux cuctemax. FBD Hamae MOXIHMBICTB
BUPA3UTH JIOTIKY YIpaBIiHHS yepe3 (QYHKIIOHAIBHI OJIOKH, IO CIPOILY€E PO3YMIHHS Ta

PO3pOOKY Iporpam sl IPOMHUCIOBOIO aBTOMAaTU30BaHOI0 OO IHAHHS.

“Start" = ' &,

I'DnI' — %‘} “Un“

“Stop” =0 3¢ — —

Pucynok 1.9 ®ynkumronanbHas 65o0k-cxema (FBD)
OynkimoHanpHas Omok-cxema (FBD) Oynma po3poOiieHa 3 METOO CIPOIIEHHS
NporpaMyBaHHs JIOTIKM YIPaBIiHHS B MPOrpaMoOBaHuX JOrTYHUX KoHTpojiepax (IIJIK).
Bona 3'sBunacs sK anbTepHATUBA TEKCTOBOMY IMPOTPaMyBAaHHIO, IO JO3BOJISIIA
pPO3pOOHWKAM BUPA3UTH JIOTIKY YIPABIIHHS 3a JOTIOMOTOI0 rpadiyHUX €JIEMEHTIB Ta

3B'SI3KIB MIK HUMH.
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FBD  mmMpoko  BHKOPUCTOBYETbCSI y  IpOrpaMyBaHHI  IPOMHCIIOBUX
aBTOMAaTHU30BaHUX CHCTEM, 30KpeMa B MporpamoBaHux Jjoriunux koHrpoiepax (ITJIK).
Bona 103Bos1s1€ onucaTy CKiIaIH1 JOT14YHI B3a€MO3B'3KU Ta YNPABIIHHS 00JIaJHAHHIM 3
BUKOPUCTAHHAM (YHKII1IOHATBHUX OJIOKIB.

OcHoBanmu enementamu FBD e dyHKItioHanbH1 670KH, 3B'SI3KU Ta BXOAHW/BUXOH.
OyHKIIOHANBbHI OJIOKM TPENCTaBIAIOTh OKpeMi GyHKIII abo omnepaii. 3B'S3KH
BUKOPUCTOBYIOTBCS JUIA TIEpeayl CUTHAIIB Ta JaHUX MK (YHKI[IOHaJTbHUMH OJIOKaMH.
Bxonu/Buxoau BH3HAYarOTh 30BHIIIHI 3'€AHaHHS 3 O0OJaJHAaHHAM a00 I1HIIMMHU
CUCTEMaMH.

VY FBD icHye Benuka KUIbKICTh (DYHKI[IOHAJIBHHUX OJOKIB, SIKI BUKOHYIOTb
pi3Hi onepartii Ta ¢pyHkIi. Jleski 3 HUX BKIIOYAIOTh:

1. Jloriuni onepartii: 6moku "I[" (AND), "ABO" (OR), "HE" (NOT) Tta in1i, siki
BUKOHYIOTb JIOT14HI ornepanii HajJ BX1IHUMH CUTHAJaMHU.

2. ApudmernyHi omepariii: OJOKM J0JaBaHHS, BIJHIMAHHS, MHOYKEHHS,
JUJIEHHS Ta 1HII, SIK1 BUKOHYIOTh apU(PMETHUYHI orepanii HaJ YUCTOBUMHU 3HAYECHHSIMHU.

3. Taiimepu Ta JTIYWIBHUKHU: OJOKH, 11O JTO3BOJISIIOTH BUMIPIOBATH 4ac ado

KUIBKICTB TTOIH.

4. [TopiBHSIHHA: OJIOKM, K1 TOPIBHIOIOTH 3HAYEHHS Ta BHUKOHYIOTh YMOBHI
NIEPEXOH.
5. 3arpuMKku: OJIOKH, 110 JO3BOJSIOTH 3aTpUMaTH BX1AHUN CUTHAJI HA MIEBHUM

MIPOMIXKOK Yacy.

6. OOpobOka psakiB: OJOKH, SIKI BUKOHYIOTH OMEparii 3 psaKaMu, Taki sK
KOHKaTeHalIlisi, po30UTTS TOIIO.

7. AHanoroBi omepairii: O6J0KH, SKi BUKOHYIOTh OIepallii HaJ aHaJIOTOBUMH
CUTHAJIaMHU, TaKi sIK (QUIbTpallis, MaciITadyBaHHs TOLIO.

VY FBD ¢yHk110HanbH1 OJJOKK pO3TaIIOBYIOThCS HAa TpapiuHOMY I0J1, 3B'SI3KH MIXK
HUMHU BKa3ylOTh Ha MOTIK JaHUX a00 curHaiiB. biioku MoxxyTs OyTu po3TalioBaHi B Oy/b-

SKOMY MOPSZKY, a 3B'SI3KM BKa3ylOTh Ha JIOTIYHI 3aJIEXKHOCTI M1k OJOKamHu.
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38's3ku B FBD moBuHHI OyTH 3aiMiCHEHI MK BHXOJAaMH Ta BXOJaMHU
¢dbyHKIIOHAaTBHUX OJIOKIB. BXigHI Ta BUXiAHI TUMW JAaHUX MOBUHHI OyTH CyMiICHHMH.
OpuH BUXIJTHUM CUTHAJI MOXe OyTH TJIKIIFOUSHUH 10 KUTBKOX BX1JHUX CUTHAIB.

Y FBD M0X1HMBO BUKOPHUCTOBYBaTH pO3Tally>KEHHS Ta YMOBHI IEpEXoiH, 1100
BU3HAUWTH Pi3HI NUIAXW BUKOHAHHS TIPOTpaMu. 3a3BUUal 11€ TOCATAETHCS 3a JOTIOMOTOI0
JIOT1YHMX OJIOKIB, SIKI BUKOHYIOTh TIOPIBHSIHHS Ta IPUHAMAIOTh PIIICHHS HA OCHOB1 YMOB.

ITepeBaru FBD

l. ['padiunmii xapaxkrtep: FBD Hanmae Bi3yanbHe mNpeACTaBICHHS JIOTIKU
YIPAaBIIIHHS, 10 MOJETIIYE PO3YMIHHS Ta aHai3 IPOrpaM.

2. [Ipoctora Bukopucranus: FBD no3Boiisie po3poOHUKAaM BUPa3WUTH JIOTIKY
YIPABIIHHS 32 JIONOMOTOI0 TpadiyHUX €JIEMEHTIB, 110 pOOUTHh HOTO IOCTYITHUM HaBITh
JUTST TOYATKIBI[IB.

3. MonynsHicte: FBD no3Bosisie cTBOproBaTM MO/l Ta MIAOPOrpaMH, SKi
MOXYTh OyTH MTOBTOPHO BUKOPUCTAHI Ta JIETKO MITPUMYBATUCH.

4. InTerpauia 3 iHmmMu moBamu: FBD moxke OyTu moegHaHa 3 1HIIMMU
MOBaMU MIPOrpamMyBaHHs, TAKUMHU K TEKCTOBE MPOTpaMyBaHHs 200 MOBH CXEMaTHYHOTO
MPEICTaBICHHS.

Henoniku FBD

1. O6mexeni moxkiauBocTi: FBD He 3amkam Moke BHUPa3WTH CKIIAJIHI
aNropuT™Mu a00 QPyHKIIIOHAIbHI BUMOTH, 1110 AOCTYIIHI B IHIIUX MOBAaX MPOrPAMYBaHHS.

2. Benuki po3mipu nporpam: Ckrnanni nporpamu Ha FBD pocuth Benuki B
po3mipi uepes rpadiuHe IpeCTaBICHHS, 0 YCKIAIHIOE 1X aHali3 Ta MATPUMKY.

3. Baxkicts Bigmaromkenss: [1ix yac BigaromkeHas nporpam Ha FBD Baxko
BU3HAUUTU TOYKY TPOOJIEMH, OCKUIHKM 1€ BUMAarae aHaiizy rpadiqHaux 3B'S3KiB Ta

OJIOKIB.
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PO3I1JI 2 KOHCTPYKTOPCBKA YACTHUHA

2.1 Bumoru 10 konBeepa

KonBeep - 1e mpuctpiil 11t mepeMilieHHs] pi3HUX MpenMeTiB abo marepiaiiB 3
OZHI€T TOUKHM B 1HIY. Bumoru 10 koHBeepa 3aj1eaTh BiJl KOHKPETHOTO 3aCTOCYBaHHS Ta
TUITy KOHBE€EPA, aJie 3araJioM OCHOBHI BUMOTH JI0 KOHBEEPA TaKi:

1. HapiitHicTh: KOHBe€p MOBUHEH OyTH CTIMKMM J0 BIUIMBY 30BHIMIHIX
dakTopiB (Takux sK BIOpallii, TeMmIeparypa, BOJOTICTh, THCK), 100 3a0e3MeunuTH
0e3mnepeliitHy poooTy.

2. E¢exTuBHICTh: KOHBEEP MOBHUHEH MPAIIOBATH 3 BUCOKOIO €(EKTUBHICTIO,
3a0e3Ieuyoun UIBUAKE Ta TOYHE MEPEMIILIEHHS MaTepiaiB.

3. MonynbHICT: KOHBEEP NOBUHEH OyTH MOYJABHUM, 0O MOTO0 JIErKO 30UpaTH
Ta po30upaTy, 101aBaTh ab0 BUJAISATH KOMIIOHEHTH JUIsl 3a0€3MeUeHHs! p13HUX MOTpPeO.

4. [IpocToTa ymnpaBiiHHS: KOHBEEp MOBUHEH OyTH JIETKMM y KEpyBaHHI Ta
HaJlalTyBaHH1 JJ1s1 3a0e3ne4eHHsT ePeKTUBHOT POOOTH.

5. JlerkicTh y MOHTaXI1 Ta OOCITYyTrOBYBaHHI: KOHBEEP MMOBUHEH OyTH JIETKUM y
MOHTaX1 Ta OOCITyroByBaHHI HJisi 3a0€3MEUEHHS IIBUIKOIO Ta JIETKOTO JOCTYMY [0
KOMITOHEHTIB KOHBE€pa JJisl iX 0OCIyTOBYBaHHS Ta PEMOHTY.

6. EKOHOMIYHICTh: KOHBEEpP MOBUHEH OyTHM €KOHOMIYHHMM Yy BUKOPHUCTAHHI
eHeprii Ta MmarepiaiiB, 100 3a0e3MeYUTH MIHIMaJIbHI BUTPATH Ha EKCILTyaTaliio Ta

00CITyroByBaHHSI.

2.2 Bubip tuny ejiekTponpuBoay
Bubip Tumy enexkTponpuBOAy KOHBEEpa 3aJICKUTh BiA psiay (aKTOpiB, TAKUX 5K
TUI BaHTaXy, KU Oyze MepeHOCUTUCs, Bara Ta 00’ €M, MIBUJKICTb PyXy KOHBE€EpaA, THI
TPAHCIOPTHOT CTPIUKH Ta 1HIII.
OauH 3 HAUMOUIMPEHIIINUX THUIIB €JIEKTPONPHUBOLY ISl KOHBEEPIB - 1€ MPAMUN
eJIEKTPOTIPUBO]I, KOJIU EJIEKTPOJBUTYH IIPUB’ A3aHUM O€3M0oCcCepeIHBO 0 Baly PEAyKTOpa,

no 3abesneuye pyx TPaHCIOPTHOI CTpiuku. [IpsiMuii eneKTpompuBiI MOXe OyTH
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3MIHHOTO a00 MOCTIHHOTO CTPyMy, 3aJIeXKHO BiJ MOTpeO e(PEeKTUBHOCTI Ta EKOHOMIl
eHeprii.

Takok MOXJIMBE BUKOPHCTAHHS 1HIII TUIU EJIEKTPOINPHUBOIB, HAMPUKIA, 3
BUKOPUCTAHHSIM CEPBOJBUTYHIB a00 POTOPHUX IBUTYHIB. BuOip THIY eneKTponpuBOLY
3aJIe)KUTh BiJl KOHKPETHUX BUMOT Ta yMOB €KCIUTyarailii KoHBeepa.

B 3HauHiil mMipi BuOip NpUBOAY 3aJI€KUThH BiJ KIJIBKOCTI MPUBOAHUX OapabaHiB 1
JBUTYHIB. 3a3BUYail KOHBEEPU MAIOTh OAWH a00 JBa MPUBOIHI OapabaHu, M0 3aJICKUTH
B1JI JIOBKMHHM KOHBEEpa Ta KIJIBKOCTI MEPEIIKO] Ha HbOMY. TaKoX, KUIbKICTh JBUTYHIB
MO’KE€ 3MIHIOBATHUCS B 3aJIEKHOCTI BiJl Bark Ta 00'eMy MepEeBO3UMHX BaHTAXKIB.

SIkmo KoHBeep Mae OAWMH NPUBOAHMM OapabaH, TO OIIILHO BUKOPUCTATH
MPOCTIIINA OTHOMOTOPHUH €JIEKTPOIPHUBIJI, AKUH BKIIIOUA€ B ce0€ OIUH €JIEKTPOJIBUTYH

Ta MEXaHI3M Iepenadi MoTYKHOCTI A0 MMPUBOIHOTO OapadaHy.

Pucynok 2.1 OqHOMOTOpHUE €1E€KTPOIPUBO/

Skimo X KOHBeEp Mae JBa NMPUBOAHI OapadaHW, TO JOMYyCTUMO BUKOPUCTATH
JIBOMOTOPHMI €JIEKTPOTIPUBLJ, IKMI MICTUTD JBa €JIEKTPOJIBUTYHHU Ta MEXaHI13M Mepeaadi
MOTY>KHOCTI JI0 KOKHOTO 3 MPUBOJHUX OapabaHiB okpeMo. Takuii mpuBij 3a0e3mneuye
OUTBIIY CTIMKICTh Ta HAIIHHICTH POOOTH KOHBEEDPA.

Jlnis BUOOpY THUIY €NEKTPONPUBOLY KOHBEEpA TaKOXK BAKIMBUM € €KOHOMIYHHIMA

acekT. /[ BenmMKMX KOHBEEPIB 31 3HAYHUM OOCATOM NEPEHOCUMHUX MaTepiajiB
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e(eKTUBHUM MOKE€ OyTH BUKOPHUCTAHHS BUCOKOC()EKTHMBHUX ACUMHXPOHHUX JBUTYHIB 3
YaCTOTHUMH MIPUBOJAMH, 5Kl I03BOJIAIOTH 3HU3UTH BUTPATH HA €HEPTIIO.

Takok BapTo 3BEpHYTH yBary Ha MOXJIMBOCTI aBTOMAaTH3allii Ta YNpaBIiHHS
koHBeepoM. CydacHi €JIEKTPONPUBOAM MOXKYTh OyTH TIAKIIOYEHI N0 CHCTEM
aBTOMAaTH3allii Ta KepyBaHHsS, IO J03BOJIAE€ 3a0€3MeUnTH OLIbII TOYHY Ta €()EeKTUBHY
pob6oTy koHBeepa. Taki CHCTEMH BUKOPHUCTOBYIOTh JaTUUKH, SIKI BUMIPIOIOTH IIBUIKICTh
Ta Bary MEpPeHOCHMHUX MarepialiB, 1m0 3ale3mnedye OiIbIl TOYHE Ta palliOHAJIbHE
yIpaBJIiHHS pyXOM KOHBE€pa.

3aranom, BUOIp THILy €JIEKTPONPUBOAY AJisi KOHBEEpA 3aJI€KUTh BiJ] KOHKPETHUX
norped Ta YMOB eKcIulyaraiii. BaxaumBo BpaxoByBaTH Taki (aKTOpH, SIK THII
TPAHCIIOPTHOI CTPIYKH, THUI MIEPEHOCUMOr0 Marepiaiy, IIBUAKICTh PyXy KOHBEEpa, Bara
Ta 00’eM Marepiainy, BUMOTH J0 €(EKTHUBHOCTI Ta €HEPro30epeKeHHs, MOXIUBOCTI
aBTOMaTHU3allli Ta YNpaBiHHA KOHBEEPOM. PekoMeHayeThCs 3BEpHYTHCS 10 (DaxiBIIB 3
MOHTa)Ky Ta OOCIYrOBYBaHHS KOHBEEPIB JJIsi OTPUMAaHHS JETAJIbHOI KOHCYJIbTalli Ta

BUOOPY ONTUMAILHOTO PIIICHHS.

23 Bu0ip KoHBe€PHOI CTPIYKHU

Y CTpiYKOBHX KOHBEEpAX CTpiYKa CIY>KUTh BOJHOYAC BaHTAKOHECYUYHUM Ta
TATOBUM OpraHoM. Pyx cTpiukd KOHBeepa 3IIMCHIOETHCS 3a PaxXyHOK (PUKIIIIHOTO
3B’SI3Ky CTPIYKH 3 IpUBOAHUM OapabanoM. IIpu poOOTI KOHBeepa CTpiuKa MiJABETHCS
3HAYHUM HABAaHTAKEHHSM B1JI HATATY 1 MEPEMIIICHHS BAHTAXY, a TAKOK 3HOCY BiJl TEPTsI
poOounx OOKJIaN0K, pyHHYBaHHS MPHU B3AEMOJIII 3 TPAHCIIOPTYEMUM Marepiaiom, il
HABKOJIMIIIKHOTO CPEJIOBUIIIA, TTIEpernHaMH Ha OapadaHax 1 poJIMKOOTIOpaXx.

Ha xoHBeepax 3acTOCOBYIOTHCS CTPIYKM 3 MPOKJIaJAKaMH 3 OAaBOBHSHHUX Ta
CHHTETUYHX TKaHWH, a TaKOX 3 TPOCOBOI OCHOBOIO. JlJis CTPIUKOBUX KOHBEEPIB
HalyacTille BUKOPUCTOBYIOThCS TYMOBOTKaHUHHI 1 TYMOBOTPOCOBI CTPIYKH.

OCHOBHMMM YacCTHHAMU KOHBEEPHOI CTPIYKM € KapKac 1 3aXUCHE MOKPHUTTA.
[Tpu3HaueHHsT Kapkaca — CHOPUMHATTSA TO3JO0BXKHIX 1 TMOMEPEUYHUX HABAHTAKEHB, a

3aXHUCHOI'0 IOKPUTTS — 3aXUCT KapKacCy BiI[ MEXaHIYHUX IIOIMKOIXCHbB.
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Kapxkac rymoBotkanunaux ctpidok - I, 2III, TIBX ckmamaerscs 3 momapoBo
NPOKJIAJCHUX MPOKIaIoK . [Ipu3HaueHHsI MPOKIaIoK — Mepeaada TSIroBOro 3yCHUIsA Bif
NpPUBOJHOTO OapabaHa. 3aXMCHUM IIap T'yMH HAHOCUTHCS HA KapKac 3BEpXY, 3HU3Y 1 3
OokiB. BepxHiii map rymu —pobouunii, IKHii TOBIIUI HI’K HUKHIN (HEpoOoUmii).

I'ymoBotpocoBi ctpiuku - PTJI, PTJIO BUKOpPHCTOBYIOTH Ha MariCTpalbHUX
KOHBE€Epax BEIMKOI JOBKUHU. BoHM MaroTh BUCOKY MIIHICTB (710 30 kH/cMm 1 Ginbiie) 1
Majie BiHocHe nogoBxkeHHs (10 0,25 %). B ryMoBOTpOCOBIii CTpiUllli OCHOBOIO CITy>KaTh
CTaJIbHI KaHaTUKU — TpocH. HemonikoM ryMOBOOTPOCOBHUX CTPIUOK € BEJIMKa Maca 1
TPYLOEMHICTD 3'€JTHAHHS CTUKIB IIPU NOPUBAX Ta 3 €HAHHAX CTPIYOK.

JUist 3'eqHAaHHS KIHIIB BUCOKOMIIHUX TKAaHWUHHHUX 1 TYMOBOTPOCOBHUX CTPIYOK Ha
CTalllOHaPHUX KOHBEEPAX BUKOPUCTOBYIOTh rapsiuy BYJKaHI3allilo.

Bubip marepiany CTpiukd IJii CTPIYKOBOTO KOHBEEpA 3JICKUTHh BiJl JEKLIBKOX
(dakTopiB, TAKKX SIK TUIl BAHTAXKY, Or0 Bara, MIBUAKICTh TPAHCIOPTYBAHHS Ta 1HIII.

OcHOBHI MaTepiaJid CTPIYOK JIJIsi KOHBEEPIB:

1. ['ymoBa cTpiuka — 1€ HAMOUTbII MOIIMPEHUN THUIT CTPIYKU JIJISi KOHBEEPIB.
BoHa Mae BUCOKY MIIHICTB Ta CTIMKICTB J0 3HOCY, IO I03BOJISIE BAKOPUCTOBYBATH 11 JJIsI
BaXKMX BAaHTQXIB Ta B YMOBaX BUCOKOTO HAaBaHTaXECHHA. [ YMOBI CTPIUKH TaKOXX MarOTh
XOpOIIy ajre3it0, TOMy BOHHM MiAXOASATH IS TPAHCIOPTYBAHHSA MPOAYKTIB 3 BUCOKHM
KO€(IIlIEHTOM TepTS.

2. PVC-cTpiuka — BoHa Ma€e BHUCOKY MIIHICTh Ta CTIHKICTh 0 3HOCY. PVC-
CTPIYKH JIETKO YUCTUTH, IO POOUTH iX 1[€ATIbHUMH JJIsl MPOAYKTIB XapyyBaHHS Ta
(dhapmarieBTHIHOI TPOMUCIOBOCTI.

3. PU-cTpiuka — 11 TOHKI Ta MIIHI CTPIYKU 3 BUCOKOIO CTIMKICTIO 10 3HOCY.
BoHu migxomath 11 TPAHCIIOPTYBaHHS JIETKUX Ta cepenHix BaHTaxiB. PU-crpiuku
TaKOXX MAlOTh XOPOIIly aAre3it0, TOMYy BOHH MiAXOASTH JJIsl TPAHCIIOPTYBAHHS MPOAYKTIB
3 BUCOKMM KO€(II[IEHTOM TEPTS.

4. MeraneBa cTpiuka — BOHa Ma€ BHCOKY MIIHICTh Ta CTIMKICTh 10 BUCOKUX
TeMIieparyp. MerasieBi CTPIUKHU MIIAXOASTh AJI TPAHCIIOPTYBAHHS MPOIYKTIB 3 BUCOKOIO

TEMIIepaTyporo ab0 B yMOBaX BUCOKOi HABAHTAKEHOCTI.
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5. TexcTunpHa CTpiuKa — el TUI CTPIYKM Ma€ BUCOKY MIITHICTh Ta CTIHKICTh
710 3HOCY. BoHa 3a3BU4ail BUTOTOBIISETHCS 3 TIOJieCTEpy a00 HEHIOHY 1 J0OpE MiAXOIUTh
JUIS TPAHCIIOPTYBAHHS JIETKUX Ta CEPEIHIX BAHTAXIB. TEKCTHIIbHA CTPIUKa MA€ THYUKICTb
Ta A00pe MPUCTOCOBYETHCA JI0 PI3HUX (POPM MPOTYKTIB.

6. MonynpHa MIAaCTHKOBAa CTpiUKa — LEH THUI CTPIYKK CKIIAJAEThCS 3
MOJYJIbHHUX IUIACTUKOBUX JIAHOK, fKI 3'€HYIOThCS MK coOoro. BoHa mae BHCOKY
MIIHICTB, CTIMKICTH 0 3HOCY Ta XIMIUHY CTIMKICTh. MOIyIbHA IIIACTUKOBA CTPIYKA JIETKO
MUETBCSI, CTEPUIIIZYEThCA Ta MIJXOAUTH ISl BUKOPUCTAHHS B Tally3sX XapuyBaHHS Ta
dbapmarieBTHUKHY.

B nanomy Bunaaxy BUOMpaemMo ryMOBY CTPIUKY IIHPUHOIO 500 MM, OCKIIBKY BOHH
€ 3arajbHOAOCTYIIHUMH, MalOTh TapHy aJre3ir0, JAOBIOBIUYHI Ta BUTPUMYIOTh BHCOKI

HaBaHTAXEHHS, MAIOTh TapHY aJIre311o.

24 Bu0ip npuBony KoHBeepa

Bubip npuBogy CTpiuKOBOrO KOHBEEpA 3aJI€KUTh BiJl AEKUIBKOX (PAKTOPIB, TAKUX
K TIOTYXHICTh KOHBEEpA, IIBUJKICTh TEpPEMIIIEHHS CTPIYKH, po3Mip 1 Bara
TPaHCIIOPTOBAHOTO BAaHTAXKy Ta 1HIIII.

JlocTatHbo momMpeHuM € OapabanHuit npuBon. Ckiagaethcs 3 OapabaHa,
nepenaBaibHUX MeXaHi3MiB (MydT peTyKTOpIB) 1 JIBUTYHA.

VY mpuBOmax MOXMHUX KOHBEEPIB TAaKOXK BCTAHOBIIOIOTH CTOMOPHI MPUCTPOi abo
rajibma, 10 MepenkoKac MUMOBUTBHOMY PYXy CTPIYKM BHU3 y BUIIBIKY BUMKHEHHS
JIBUTYHA.

[To yuciy npuBOAIB PO3PI3HAIOTH OJIHOOApabaHHI MPUBOAM 3 OAHUM abO JABOMA
JIBUTYHaMU, ABoxOapabaHHl ¥ Tpubapabanni. HaiOGinpm mpoctum € ogHoOapabaHuit

IIPUBO/.
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Pucynok 2.2 OgnobapabanHuil npuBoa

OpnnoOapabanuii npuBoa HeBenukoe NOTyXHOCTi 0 30-50 kBt moxe Oytu
OCHAILICHUHA MOTOP-PEAYKTOPOM.

IlepeBarn omHOOapabaHOro MpHBOJA — MPOCTOTA Ta HAAIMHICTH KOHCTPYKIIII,
HEBEJIUKI rabapuTHy.

Henoniku — oOMexxeHuit KyT 00XBaTy CTPIYKOIO MPUBOAHOTO Oapadana (110 240°) 1
yepe3 1€ HeIOCTaTHS TATOBA 3[aTHICTh Ui JJOBI'MX 1 BAXKKUX KOHBEEPIB.

JIBoOapabaHHl TPUBOIM 3aCTOCOBYIOTBCS TIJIBKM Ha JOCUTH JOBIHX 1
BEJIMKOBAaHTA)XHUX KOHBeepax. BOHM CKiajHilIe MO KOHCTPYKINi, aje BUMAararoTh

MEHIIIOTO MOMEPEIHBOTO HATSITY CTPIUKH.

N
y,

Pucynoxk 2.3 JIBoGapabannwmii mpruBoa
Hepnonik - MeHIIUI TEpMiH CITY>KOM CTPIUKH 32 PaXyHOK MEPErnHiB, HEOOXITHUN

npUBOJ 3 TU(depeHIiaJIbHUM MeXaH13MoM a00 TiapomMydToro.
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ITepeBaru aByx0apabaHHOTO MPUBOAA - 30UIBIICHUN 3arajJbHUM KyT 00XBary ( 10
480°). Henomniku - 301IbLICHHS TA0APUTHUX PO3MIpPIB, OaraTopa3oBHil MEPETUH CTPIUKH,
1110 0OYMOBJIIOE 3HMKEHHSI CTPOKY 11 CITyKOH.

Octarounuii BHOIp CXeMU TPUBONA BU3HAYAETHCS MUISIXOM MOPIBHAIBHOTO

TEXHIKO-€KOHOMIYHOTO PO3paxyHKy MOXJIMBHX BapiaHTIB.

2.5 Buo6ip IJVIK

Bubip nporpamoBanoro soriunoro kontposepa (I1JIK) 3anexuTs Bijl KOHKPETHUX
noTpeld 1 BUMOT Baiioro npoekry. IcHye 6araro pizaux BupoOHukiB [1JIK, koxeH 3 skux
MPOIIOHYE CBOI MOJIEN 3 PI3HUMHU (QYHKIISIMH, MOKIIMBOCTSMH 1 XapaKTEPUCTUKAMHU.

[Tpu BubGopi [JIK cnig BpaxoByBaTH Taki (hakTopH:

l. Bumoru npoekTy: HeoOX1THO PO3MISIHYTH MOTPEON MPOEKTY 1 BU3HAYMTH,
aK1 QYHKIII1, BX1/THI/BUX1]IHI 3aCO0HU, KOMYHIKAI[IHI MOKJIUBOCTI 1 IIBUJIKICTh BUKOHAHHSI
noTpiOH1 /TSt €(PEeKTUBHOI aBTOMATH3AIi1.

2. Macmtab npoekTy: BpaXxoBy€EMO PO3MIPM 1 CKJIAJIHICTh NIEBHOTO MPOEKTY.
Hesxi IJIK mpusHadyeHi 11 MEHIIUX MacIITabiB, TAKUX SIK OMH OKPEMHUH MPOIIeC, TOI
K 1HII 3/1aTHI KEpyBaTH BEJIMKUMU CUCTEMaMU 3 Oararbma By3JIaMHU.

3. HaniitHicTs 1 miaTpuMka: ciif aizHatucs penytaiis Bupoonuka [1JIK mozno
HAJIHOCTI CBOIX MPUCTPOIB Ta SIKICTh MiITPUMKH, Ky BOHU HAJAIOTh CBOIM KIIIEHTaM.

4. InTerpariss 3 icHyrouMM OOJaJHAHHSAM: SKIIO y HAc BXKE € TIEBHE
oOnanHaHHs, 3 skuUM TOTpiOHO iHTerpyBatu [IJIK, HeoOXimHO BpaxoByBaTH, IO
BuOpanuii [IJIK miaTpumye BinnoBinHi iHTepdelicu Ta MPOTOKOIH 3B'S3KY.

5. Bapricte: Bapricts ITJIK mMoxe OyTu BaxiauBuM (pakTopoMm AJig O0araTbox
npoekTiB. ITopiBHSAHHS 1iHKM pi3HUX BUPOOHUKIB 1 Moaenei [1JIK qomomoxke 3aomaautu
ajie He CJIiJl HEXTYBaTu 1HIIMMU (PaKTOpaMH, TakKi SK SIKICTb, MIATPUMKA Ta 3pyYHICTh Y

poOOTI.
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2.6 Po3paxyHok koHBeepa
Po3paxyHOK CTIpu4KOBOTO KOHBEEpPA JJIsl TPAHCTIOPTYBAHHS IITYYHOTO BAaHTAXKY 3
rpaBiTalliiHUM 3aBaHTaXyBAJIbHUM MPUCTPOEM.

Hano: nponyktuBHicTe Z =2700 mt/rox, reomerpuuHi napamerpu L =6m, kyT

naxuny f=0°.
BuzHayaeMo LIMPUHY CTPIiYKH

[Ipu nepemilieHi MTYYHUX BaHTAXKIB IIUPUHA CTPIYKU 3QJICKUTH BiJl PO3MIPIB
BaHTaXy MPU KOCOMY iX po3MilieHHI. OCKUIbKH KOHBEEP MEPEMILITYE KOPOOKH PI3HUX
PO3MIpiB Ta Baru, TO JJIs MOJIETIICHHS pO3paxyHKiB BUKOPUCOBYEMO rabapuTHI
3HAYEHHS HAalOUIbIIOT KOPOOKHU.

Po3mip BanTaxy, mm: | xbxh=600x350x 280,
G, =15kr

~ \/“

Pucynok 2. — Koce po3MillleHHsI BAHTAXKY Ha CTPIYKH

B=\lI2 +b2 + 24 =6002 + 3502 + 2-30 = 754,622 M, 2.1)
e A=30mm — BiicTaHb BiJ] Kparo CTPIYKU JO BAHTAXKY.

3rigHo cranmapty BuOupaemo B =800 mMm.

Kpoxk mixkx BaHTa:xkamMu
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a:3600-v 2.2)
Z,
Jle Z , — po3paxyHKoBa HPOTYKTHBHICTh KoHBeepa, V= 0,6m/c — mBuaxicTs pyxy
CTPIUKH
K
z =7.—H 270022 _ 4050 m/ron (2.3)
P Kt 0,8

He K,, — xoepiuieHT HEPIBHOMIPHOCTI 3anioBHEHHS, K, — Koe]illieHT HEpIBHOMIPHOCTI

BHKOPHUCTAaHHS KOHBCEPA B yaci.

_3600-v _ 3600-0,6
Z, 4050

=0,533m.

BusHayeHHsI IOrOHHUX HABAHTAKEHb

Bin BanTaxy:

q o _ 15 _ 8195 o (2.4)
B a 0533 ’ '

He G, =15kr —Maca BaHTaxy.

3rigno JCTY Bubupaemo ctpiuky tumy 2V 3 npokiaakamu b-820 3 Mexoro

MIIIHOCTI OJTHi€1 mpokyIaaku K , =550 H/cwm, 3 ToBIMHO0 &, =1,5MM.

[ToiepenaboO GEpeMo KUTBKICTh MPOKIIAIOK | =3.
0, =3MM, 0, =1,5MM — TOBIIIMHA BEPXHIX Ta HIXKHIX O0KJIaJ0K BIIMOBIAHO.
Bix crpiuku:

q, =L11-B-(i-5,+3 +05,)=11-0,6-(3-15+3+15)=7,92xr/m (2.5

Bix 06epTOBUX YaCTHUH POITKOBUX OTIOP:
OO0epToBi AeTaN BEpXHBOI Ta HIDKHHBOI OMTOPU OJTHAKOBI — TIPsIMI, 1X Bary
PO3paxoByeMO 3a (GOPMYIIOIO:

100-B+30 100-0,6+30
p g 9,81

G =11,213kr (2.6)

Ipuitmasmo kpok posrairyBanHs BexHix ponukis |7 = 0,6 m,
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Toni HUXKHIX: IZ = 2|; =2-0,6=12m. (2.7)

IToronH1 HaBaHTaXKEHHS 06epTOBI/IX ,ZIeTaJIeﬁ POJJIHUKOBHUX OIIOPp BU3HAYAEMO IJIA

BEPXHBOI Ta HIKHBOI IUISTHOK BIJIMOBIIHO:

. G, 11213
q) =—" 2W218,688 KI/M (2.8)

p H
G
ql=-—" —%29,344KF/M (2.9)

L2

BusHaueHHS HATATIB CTPIYKH

V I

PucyHnok 2. — Po3paxyHkoBa cxema KOHBEEPA
TaroBuii po3paxyHOK CTPIYKOBOTO KOHBE€EpA MPOBOIUTCS METOIOM OOXOIY Tpacu
KOHBEEPA. Tpacy po30MBAIOTh HA XapakTepHI MAUISIHKA 3 OJHAKOBUM OIMOPOM
MEPEMIIICHHST CTPIYKH, PO3MOYMHAIOYM 3 TOYKH 30ITaHHS CTPIYKH 3 TPUBOJHUM
OapabaHom
S =S,

SZZSl+(qcm+q;)'g.a)O'L

(2.10)
S,=S,,+(7,92+9,344)-9,81-0,022-6=S_, + 22,355 H
@, = 0,022 — xoe(illieHT, KUl BpaxoBye OIMIp MEPEMIIIEHHS CTPIYKUM Ha POJTUKOBHUX

oropax.

S,=S, K, =(S,, +22,355)-1,025=1,025S _ + 22,914 H (2.11)
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K, — KOeQILI€HT, IKUI Bpax0oBYe€ OIIp NEPEMIILIECHHSI CTPIUYKHU 10 POJIMKOBUM OaTapesiM.

$;=5,=5+(0,+0, +9,) 9-@p-L

(2.12)
S, =1,0255 _ +22,914 + (28,125 +7,92 +18,688) =1,0255 _ +93,79 H

Bubupaemo ogHoOGapabaHHMI MPUBO 31 CTAIBLHUM OapabaHOM 1 KyToM 0OXBara
Oapabana a=180° (3,14 panm): mis cyxoro cepenosuimia koediuient teprs 4 =0,3,
KOoe(IIEHT MIETUICHHS e = 2,56.

BuxopucroBytoun piBHsHHS Eifiepa MaeMo cucteMy piBHSHB:

_ L Ha
Su6 - 536 e

S,;,=1025-S , +93,79
(2.13)
S,; =2,56-S ;
B pe3ynbTari pillleHHsI CHCTEMHU PIBHSIHb MAEMO:
S,; =61,101H
S,; =156,419H
IHoTpioHa KiNBbKiCTH NPOKJIATOK
K-S
Z= 0 2.14
B.K (2.14)

p

e K — koediiieHT 3amnacy, sskuii 3aJ1€KUTh Bij TUITy KoHBKepa. [Ipuitmaemo K =9,5
K, — Mexa MitHocTi ofHiel npokinanku. K =550 H/cm

_K-s, 9561101
B-K,  80-550

=0,33 (2.15)

Ock1IbKM MiHIMaJIbHA KUTBKICTh MPOKJIAJIOK 3, TO MpUMaemMo Z = 3.
HajiMmeHIIMH HATAT CTPiYKH
Smin =(4..5)-(q, +9,,)-9-1,=4-(28,125+7,92)-9,81-0,6 =848,643H (2.16)
Haiimenmuit Hatsr Oyae B T. 3
S,=1025S , +22,914=1025-61,101+ 22,914 =85,543H (2.17)
Ockinbku S, <S,, TO yMOBa HaMEHIIIOTO MPOBUCAHHS CTPIYKU HE T0IEPKYETHCS.

[Tpuitmaemo Hatsr B T. 3:

S, =900H,



s, =5 = 99 _ 578 049 1, 1oni
K, 1,025

SH6:S3+(qe+qcm+qp).g.a)0.|_
S,, =900+ (28,125+ 7,92 +18,688) -9,81-0,022 -6 =970,875 H

S5 910815 _ 599 o481

R

Tsarose 3ycuiis
WT = SH6 - 836 + (kﬁap _1)(SH6 + 836) =
=970,875-379,248 + (1,025-1)(970,875 + 379, 248) = 625,38 H

Tyr K,,, "KOCOILIEHT OIOPY TEPEMIIIIEHHs CTPIYKH [0 TOBEpXHi OapabaHa,

k. =1,025

6ap

Kinemaru4Huii i CHJI0BUIT PO3PaxXyHOK

| W_

Pucynok 2.6 — Kinemarnyna cxema npuBoay

1 - IBuryH-penykrop; 2 — JlanitoroBa nepegaya; 3 — CTpIYKOBHI KOHBEED.
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(2.18)

(2.19)

(2.20)

2.21)

7
e



3araasnuii KK/{ npuBoxy

773512 = 7703 ’ 77/7.n. ' 776ap

n,, = 0,67 — KKJI nBuryn-penykropa, 7, = 0,92 — KK/ naniorosoro nepeaadi,
Moy = 0,93~ KKJI mpuBoaHOTO Gapabany Ha ITiUIMITHUKAX KOYCHHS,
Moae =Moo M. Moy = 0,67-0,921-0,93=0,573

Po3paxyHOK MOTYKHOCTI eJIeKTPOABUIYHA

3 625,38-0,6
1000-0,573

W, -v

P =k —T ~
* 210007

3az

=0,851kBt

He W, — TsroBe 3ycHiulsd Ha IpUBOAHOMY Oapabani, 77,,, — 3aranpHuil KK/|
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(2.22)

(2.23)

npusony, kK, =1,2...1,3— koe}Iili€eHT, IKUi BpaXoBy€ 3yCHILIsA, 0 BUTPAYAETHCS HA

MOJI0JIAHHS CHJI THEPIIiT KOHBEEPA 1 BAHTAXKY.

Bubupaemo IBUTyH-peayKTOp ABOXCTYIiHYACTHH TutaneTapuuid tuity 3MII-50 3a

karaioroM GlobalProm:

Tabmuis 2.1 — TexHIYHI XapaKTepUCTUKH JIBUTYHA-PEIYKTOpPA TUIIOPO3MIPY

MII3-50

HaiimenyBaHHs [lo3HaueHHs Bennunna
KpyTHuit MOMEHT Ha BUXiJIHOM Baiy, H-M T 550
Yacrora obepranHs, 00/XB Nop 18
JonycTume pagianbHe HaBaHTaxeHHs, H Fr 6400
Maca nBuryHa-peaykropa, Kr Moy 75

Tabnuis 2.2 — Texuiuni xapakrepuctuku nsuryna AUP90LBS

HaitmenyBaHHs ITo3Hauenns Bennuuna
[ToTyxHicTb, KBT Poe 1,1
YacTtoTa oOepTaHHs, 00/XB Nos 750
Hanpyra xuBnenns, B U, 380
Cuia ctpymy, A los 3,36
Koedimient kopucHoi aii, % Tos 12




[Tponowxenns Tabmuii 2.2
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HarnimenyBanns [To3naueHHs Benmnuunna
KoedittieHT moTy)HOCT1 Ccosg 0,69
Yacrora mepexi, [ f 50
CriBBIIHOIIIEHHSI MOMEHTIB CTPyMY M,/M, 1,8
CriBBiTHOIIICHHS] MOMEHTY CHUJIH M, ax/ M, 2,0
CriBBIIHOIIEHHS CTPYMIB 1./1, 5,0
MoMeHT iHepuii, Kr-m? J 0,0090
Bara, kr m 27

Yacrora odepranHs 0apadaHa

ne D,— niamerp Gapabana

D, =(125...130) - z =130 3=390 mM.

[Tpuiimasmo D, =400 Mm.

60-v  60-0,6
n = _

;= = = 28,662 00/xB.
7-D, 314-0,4

IlepexaTroyHe 4KMC/I0 JJAHUIOTOBOI Nepeaayvi

U M 177
", 28,662

=0,618

(2.24)

(2.25)

(2.26)

Jie n,,— 4actora 0bepTaHHs BUOPAHOTO JIBUTYHA-PEAYKTOPA, N, — Y4acToTa 00epTaHHS

Bajia MpUBOJHOTO OapabaHa.

IHoTty:kHicTh Ha Bajiax

P, =P, 7, =0,851-0,67=0,57 kBt

P,=P,-n,=0851-0573=0,488 kBt

(2.27)
(2.28)
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KpyTHi MOMeHTH Ha Bajiax

P

T, = 95502 = 955027 _ 307,608 H-m (2.29)
n, 17,7

T = 9550% = 9550 0’4882 ~162,528 H-m (2.30)

6 ]

Buxonsum 3 po3paxyHKiB, poOMMO BHCHOBOK, IO JTaHUHA MOTOP-PEIYKTOP
MIIXOMUTh Ui KOHBeWepa. BiH € onTUManpbHUM Ta MAXOAWTH [JISI TOCTABJICHOTO
3aBJIaHHS. 3aCTOCYBaHHS BU3HAUCHUX TMapaMeTpiB JO3BOJIUTH 3a0€3MeUnT €PEKTUBHY
poOOTYy KOHBEEPHOI CUCTEMM 3 MIHIMaJbHUMH BUTpATaMH €HEPTii Ta MaKCHUMAaJIbHOIO

MPOAYKTUBHICTIO.
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Po3ain 3: Maremaru4yHe MOIeTI0BAHHS KOPOTKO3AMKHYTOI'0 AaCHHXPOHHOI'0
aBuryHa y nakeri Matlab Simulink

3.1. MATLAB Simulink
1. MATLAB Simulink — 1ie inTerpoBane cepemnoBuiie po3pooku (ICP) mus

MOJICTTIOBAHHS, aHAJII3Y Ta CUMYJISAIT TMHAMIYHAX CUCTeM. BoHa 103BOIIsIE THKEHEpaM Ta
BUCHUM CTBOPIOBATH MOJIEJI1 CUCTEM, BUKOHYBATH YUCEJIbHI €KCIIEPUMEHTH Ta MPOBOJIUTH
Bi3yaJIbHE HaJaroKeHH.

2. Simulink po3pobnenuii mis podotu pazom 13 MATLAB, mo mno3Bosse
KOpUCTyBauaM JIETKO KOMOIHyBaTH MOJCIIOBaHHS Ta aHalli3 JAUHAMIYHUX CHUCTEM 3
ajaropuTMaMHu, ONTHUMI3ali€l0 Ta HIMKUMH MOXJIUBOoCcTIMU MATLAB. Simulink nanae
OmoxoBui 1HTEp(eEiic, 1€ CUCTEMHU MpEACTaBlICHI SIK OJIOKIB, MOB'SI3aHUX JIHISAMH, SKI
MO3HAYAIOTh MOTIK JaHUX.

3. OcHoBHi MoxJuBocTi MATLAB Simulink BKJ1I04atoTh:

4. MopentoBannsa cucteM Simulink Hamae Habip BOymOBaHUX OJIOKIB JIJIst
CTBOPEHHS MOJICJICH PI3HUX CUCTEM, BKJIFOUAOUH €JICKTPUYHI, MEXaH14Hi, T1IpaBIidHi Ta
HIII CUCTEMH.

5. Po3poOka xouTposepiB: Simulink mo3Bossie po3pobnsiTH Ta TeCTyBaTH
KOHTPOJICPH JJIT aBTOMAaTUYHOTO KepyBaHHS cUCTeMaMu. Lle Moxe BKITIO9aTH CTBOPCHHS
moneneit peryasitopiB PID (mpomopitifino-iHTerpasbHO-IudepeHiiiagbiuxX), KIHIEBUX
aBTOMATIB 200 aTOPUTMIB YIPABIIIHHS.

6. Bizyanizaris pesynsrariB: Simulink Hagae iHCTpyMEHTH IJIsi Bi3yasizailii
pe3yapTaTiB CUMYJAIIT y BUDIIAL rpadikiB, miarpam Ta adimarii. lle mosBossie
KOpHUCTyBauaM aHaJli3yBaTH MOBEIIHKY CUCTEMHU Ta MEPEBIPSTH BIAMOBIIHICTh MoJeeh
BUMOTaM TIPOCKTY.

7. Konorenepamisi: Simulink moxke reHepyBaTu e€(pEeKTUBHHMI KOI PI3SHUMHU
MOBaMHu TporpamyBaHHs, Takux Sk C abo C++, akuii MOKHa BUKOPHUCTOBYBATH JIJIS
peasizallii Ta po3ropTaHHs MOJEJIeH Ha peaJbHOMY anaparHoMy 3a0e3TMeUeHHI.

8. BOynoBana minrpumka Oaratbox cdep 3actocyBanHs: Simulink mae

cremiani3oBani 0106110TeKH Ta HAOOpW IHCTPYMEHTIB AJII MOJEIIOBAHHS Ta aHami3y
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CUCTEM y pI3HUX Trajly3sX, TaKuX SK aBTOMOOIJIbHAa IPOMMCIIOBICTh, a€pPOKOCMIYHA
rajry3b, €HepreTuKa ToIo.

Matna6 Simulink € moTy>XHUM 1HCTPYMEHTOM JUIsl pO3pOOKH Ta MOEIIOBAHHS
CKJIQJIHUX JUHAMIYHUX CHUCTeM. BiH HIMPOKO BUKOPUCTOBYETHCA B 1HXKEHEpIii, HAyIll Ta
JTOCITIDKEHHSAX IS BHUPIMIEHHS PI3HUX 3aBIaHb, TOB'S3aHMX 13 MOJCIIOBAHHSIM Ta

aHaJII30M CHCTEM.

3.2. BusHaueHHs mnapaMeTpiB CXeMH ACHHXPOHHOI MAIIMHHU 32 JAHUMH
KATAJIOry
Po3rnsiHeMO  OCHOBHI ~ mapaMeTpu  CXE€MU  3aMIIIEHHS  aCHHXPOHHOTO
€JICKTPOJIBUTYHA, SIKI MOKHA BU3HAYUTH 32 JJAHUMH 3 KaTaJIoTy
1. HomiHabHE KOB3aHHS:
n,—n, 750-680

5, =—
! n 750

S

= 0,093 (3.1)

JIe NS — CHHXPOHHA MIBUAKICTH (MIBUAKICTH OO€PTAaHHS MarHiTHOTO T0JIf);
NH — HOMIHAJIbHA MBUAKICTH 00€pTaHHS ABUTYHA.
2. KpuTuuHe KOB3aHHS:

s,=(m__ +4m’. —1)s =(2++/2°-1)0,093=0,384 (3.2)

qe mmax = Mmax/MH - BIJHOIIEHHS MaKCHUMaJIbHOTO MOMEHTY (KPUTHYHOTO) IO
HOMIHaJIbHOTO MOMEHTY
3. KoHCTpyKTHUBHBIN KOIPDUITUEHT:

c1=1+% (3.3)

m

Crovarky, st BU3HAYEHHS KOHCTPYKTHBHOTO KOe(iIli€eHTa, BUKOPUCTOBYETHCS

niana3oH 3HadeHb Bif ¢, =1,02...1,05, mo 0a3yeTbcsa Ha mMomepeaHbOMY PO3PaXyHKY

napaMmeTpiB cxemu 3amimieHHs. Ilicist po3paxyHKy 1HIYKTUBHOCTEH, sIKI BXOISATH O
PIBHSIHHSI, HEOOX1JHO TIOPIBHITH OTPUMAaHE 3HAYCHHS 31 CIIOYaTKy OOpaHUM 1 YTOUHUTH
pO3paxyHOK. 3a3BHYaid, 3a JBI1-TPH 1Tepallii, BIA€TbCS JOCATTH 301Ty MK IPUIHATUM Ta
pPO3paxoBaHUM 3HAYCHHSIMU KOHCTPYKTHBHOTO Koe(iIlieHTa.

4. KoedilieHT B'I3KOTO TEPTH:

APMEX
B, = 2, (3.4)
60
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5. MexaH14H1 BTpaTHu:

SIKIIO MPUMYCTUTH, IO 3arajibHi BTPATH CKIAAAIOTHCS 3 JBOX KOMITOHEHTIB -
MOCTIMHUX 1 3MIHHMX BTPAT, IIPH I[bOMY MOCTIHHI BTpaTH MPUOJIU3HO CTAHOBIATH 1/3 Bij
3araJbHUX BTpAT, a MEXaHIUHI BTPATH CTAHOBJATH MOJOBHHY MOCTIMHHX BTpaT, TOAI

MexaH14H1 BTpatu APMex Moy Th OyTH BU3HAYEHI 32 JOMOMOI0I0 HACTYITHOTO PiBHSHHS:

1 1 1 1
AP =P(—-1)-—=11(———-1)-—=0,071 xB 3.5
mex H( ) 6 (0’72 ) 6 KDT ( )

H

6. Cyma PH + APmex, moxe OyTH BU3HAYEHA SIK:

P+AP = PH(1+(i—1)%:1,171 kBT (3.6)
7. Omip craropa:
2 p—

R -1 CUH (1-s,)

2 Cl(l+ f)mk (PH + AI:)Me)c)

“ ) (3.7)

Rl B0 4,

21 035(1+ =—22Y1,8((1,1+ 0,071) -10°)

0,348

ne mk = Mk/MH - kpaTHICTh ITyCKOBOTO MOMEHTY (KaTaJIOXKHHUI TTapamMeTp).
8. Omip potopa:

n _1(P+AP,)m, _1((11+0,071)-10°18

= pex”_ ¥ — =13,42 Om 3.8

"3 (-s)ill? 3 (1-0,093)-5°-3,36° (3-8)

ne i, =1/l - BigHOmWeEHHs CTPyMy KOPOTKOIO 3aMUKaHHS (IIyCKOBOTO) JI0

HOMIHAJIBHOTO CTPYMY.
9. [HIyKTUBHICTB CTaTopa Ta poTopa:

L.=L = 1 Y, 0
2P0 B, (i (cos(p)’) 22

“ (3.9)

L. =L

1 380
2-8-50 J3-3,36-( /—1—(0,692)—0’095’5328((0)

[

=0,251TH




39

10. UTHAYyKTUBHOCTB paccesiHusl cTaTopa U poTopa:

_, 1 u, | ,
Lls—Llr 4pf (\/é(lklﬂ)J (R3+Rr)
1 380
4.8-50\/\ /3(5-3,36)

(3.10)

2
L. =L, = j — (10,39 +13,42) =0,02262 I'n

11. B3aeMoiHayKITis:
L. =L —-L,=0,251-0,0226 =0,229 T'n (3.11)

Po3paxyHKoBi 3HaYeHHs HaBeAeH1 y Tabmui 2.2.

3.3. JlocaigskeHHs MOJeJi aCHHXPOHHOro ABuryna B Matlab Simulink

3a 3aMOBYYBaHHSM MOJENIb ACHHXPOHHOIO JBHUTYHa 3 pO3AULy 010/10TeKn
Simscape HagaeThes 11 ha3HOTO poTopa (puc. 7.2, a).

Knemu A, B, C ciyxaTh miAKIIOYEHHS 10 TpexdasHOMY Hampy3i, Kiemu a, b, ¢ —
BUXOAM 00MOTKH poTopa. [lapamerpu aBuryna nis moaudikanii SI Units B aOcomoTHHX
OMHUIAX BBOMSITHCS 4Yepe3 JIIaJiorOBE BIKHO, SKE€ BHUKJIMKAETHCSA TMOIBIMHUM
HaTUCKaHHSAM Ha 300pakeHHs nBuryHa (Man. 7.3). ¥V psaky Rotor type mpomnoHyeTbes
nBa Bapiantu: Wound — nBuryH 13 ¢a3zHum potopoM, Squirrel-cage — KOpoTKO3aMKHEHUM
JIBUTYH (3 011519010 KIiTKOI0) Ta Double Squirrel-Cage - kopoTko3aMKHEHUH NBUTYH (3
NOJIBIMHOIO OIs40I0 KIiTKOM). Y panky Reference frame npononyeThcst Tpu BapiaHTH
BUOOpY cucteMu koopauHar: Rotor — oOeproBa 3 poTOpOM 3 OJHAKOBOIO YaCTOTOIO;
Stationary — Hepyxoma, HalO1IBII TPUPOIHA JIJIs HAc; Synchronous - cucTeMa KOOpIUHAT,
II0 CHUHXPOHHO OOEpTa€EThCSl 3 YACTOTOI MepexeBoro Hampyru. Ilapamerpu

ACHUHXPOHHOTI'0O JIBUI'YHA BBOJATHCA B PAAKH B a0COJIIOTHHX OINHMUIIAX.
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a) b)
M Tm m M Tm
o|A 3 o|lA
m P
o b o
o|C c o|C

Pucynok 3.1 BipryansHa Mo/ielIb aCHHXPOHHOI MAIlIUHH:
a) — MOZIeNIb B a0COIOTHUX OJIMHULIAX JBUTYHA 13 a3HUM POTOPOM;
b) — MozIeTTh KOPOTKO3aMKHYTOTO JBUTYHA (3 OLIISTYOI0 KIIITKOIO);
C) — KOPOTKO3aMKHEHHUW JBUTYH (3 MOABIMHOIO OISHOI0 KITITKOIO).

BapTto 3ayBakuty, 110 1i mapaMeTpu HE HABOIATHCS Y JOBITHUKAX Ta KaTrajorax,
asie IX MO>KHa po3paxyBaTH 3a IOTIOMOTOI0 PI3HUX METOJIUK, SIK OIIMCAHO B IIONIEPETHHOMY
MYHKTI.

Haiiyacriie BUKOPUCTOBYETHCS MOJIENb KOPOTKO3AMKHYTOTO JBUTYHA 3 OLISYOIO
KJIITKOIO (puc. 3.2 6). [ls miaKIroueHHs 10 BUXOIY M BUKOPUCTOBYETHCS CHEI[iaTlbHUN
onox Bus Selector, sikuii 3HaxonuTbes B po3auil Simulink. Tum 3MIHHOTO CTpyMy MallliHU
BiJIoOpaXkaeThes y psaAKy "Rotor type" 1 Moxke OyTu 3MiIHEHUM MOABIHHUM HATUCKAHHIM

J1BOi KHOTIKM M (puc. 3.2, 3.3).

Block Parameters: Asynchronous Machine 5| Units »
Asynchronous Machine {mask) (link)

Implements a three-phase asynchronous machine (wound rotor, squirrel cage or double squirrel cage)
modeled in a selectable dq reference frame (rotor, stator, or synchronous). Stator and rotor windings
are connected in wye to an internal neutral point.

Configuration ~ Parameters  Load Flow
Rotor type: Squirrel-cage ~
Preset parameters

Squirrel-cage preset model: |No ~

Double squirrel-cage preset model: Open parameter estimator
Mechanical input: | Torque Tm ~
Reference frame: | Stationary ~

Measurement output

[ Use signal names to identify bus labels

Cancel Help Apply

Pucynoxk 3.2 BikHO HanamTyBaHHS ABUTYHA
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Block Parameters: Asynchronous Machine 51 Units Y
Asynchronous Machine (mask) (link)

Implements a three-phase asynchronous machine (wound rotor, squirrel cage or double squirrel cage)
modeled in a selectable dq reference frame (rotor, stator, or synchronous). Stator and rotor windings
are connected in wye to an internal neutral point.

Configuration ~ Parameters  Load Flow
Nominal power, voltage (line-line), and frequency [ Pn(VA),vn{Vrms),fn{Hz) 1: |[[1101 380 50] g

Stator resistance and inductance[ Rs(ohm) Lls(H) ]: |[10.39 0.02262]

Rotor resistance and inductance [ Rr'{ohm) Ur'(H) 1: |[13.42 0.02262]

Mutual inductance Lm (H): [0.2286

Inertia, friction factor, pole pairs [ J(kg.m~2) F(M.m.s) p{) I: |[D.DDQDD4]

Initial conditions
[slip, th(deg), ia,ib,ic(A), pha,phb,phc(deq)]:
[oo00000] [E

[ simulate saturation Plot

[i(arms) ; W(VLL rms)]: 1, 302.9841135, 428.7778367 ; 230, 322, 414, 460, 506, 552, 598, 644, 690]

Cancel Help Apply

Pucynok 3.3 BikHO BBEZI€HHS TapaMeTPIB IBUT'YHA B A0OCOIIOTHUX OJUHULSAX

[Ipu BBeneHHI curHany Tm Ha BXiJ, 3aJa€ThC aKTUBHUNA MOMEHT HaBaHTAXKEHHS
B Hproron-merpax. Jlyis BukoHaHHs BUMOT iporpamu Simulink Ha poGouomy mosai Mozesi
NOTPIOHO PO3MICTUTH OJIOK powerqui.

Ha pucynky 3.4 nokazaHa cxema MOJIETIOBaHHS IIPOLECIB 3aIyCKy aCUHXPOHHOTO
KOPOTKO3aMKHYTOTO JIBUTYHA MPH MIAKIIOUEHHI A0 ¢a3oBoi Hanpyru 220 B (a6o 380 B
JiHIMHOI Hampyrh) 3 4YacTtororo Mepexi 50 ', AKTUBHMII MOMEHT HaBaHTaKEHHS
3amaeTbest B Onokax Step. Uepes 5 cexkyHa micis MOYaTKy MOJEIIOBaHHS JBUTYH
HABaHTAXYETbCS MOMEHTOM 15,415 H-M, 1 KOXKHI 5 CEeKyHJT MOMEHT 3MEHIIYEThCA y 2
pasu 3a momomororo Omoka Sum. Ockinbku € Tpu Omoka AC Voltage Source, B iX
napameTpax Bkazyemo ¢azoBuii kyT, a came 0°, 120°, -120°. [{nsg noOynoBu ITUHAMIYHO1

MEXaHIYHOI XapaKTepUCTUKHN BUKOPUCTOBYeMO Tpadiunnmii 6ok XY Graph.
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Continuous

4@ powergui

<Rotor current ir_a {A]).. Rotor

<Rotor current ir_b {A)> Current (A) \%

<Rator current ir_c (A)>

>
m - <Stator current is_a (A); Stater

<Stator current is_b (A)> [ Current (A)

C
<Stator current is_c (A)> |
»£0/(2°pi)
Asynchronous Machine <Rotor speed (wm)> I/

51 Units
+ + +

() <Electromagnetic torgue Te (N*m)>

AC Voltage Source

A 4

736.9]

7

XY Graph

Pucynox 3.4 Mojenb mycKy eJIeKTpOIPUBOY 3MIHHOTO CTPYMY 3 IPSIMUM
BKJTIOYEHHSM JIBUTYHA J10 MEPEXKI
HanamryBanns 610kiB AC Voltage Sourse Ta Step, 110 3a7at0Th CHHYCO1IaJIbHI
CUTHAJIU JKepeja Hampyrd 1 JIHIAHI CUTHAlM aKTUBHUX MOMEHTIB HaBaHTaXEHHS

MOKAa3aHO Ha PUCYHKY 3.5.

Block Parameters: AC Voltage Source b Block Parameters: Ssec w
St

AC Voltage Source (mask) (link) =P
Output a step.

Ideal sinusoidal AC Voltage source.
Main  signal Attributes

Parameters Load Flow sl:tep time: |

g :

Peak amplitude (v): [311.12 [ —

Phase (deg): [-120 [ENIE I:
Final value:

Frequency (Hz): |50 | [15.455 [E

Sample time: |0 | Tample fme: l
o i

Measurements  None ~ Interpret vector parameters as 1-D

Enable zere-crossing detection

Cancel Help ADDN J Cancel Help Apply

Pucynok 3.5 HanamryBanus 6nokiB AC Voltage Sourse Ta Step
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Pesynpratn MonmenroBaHHS MPOIIECIB MyCKy MpeAcTaBieHi Ha puc. n.6. [loroune
3HAYEHHS CTPYMIB IPECTABICHO KOXKHIN (ha3i.

Ha puc. 3.7 HaBenmeHo 3HATY NpU MyCKYy MEXaHIYHY XapaKTEPUCTHKY IBUTYHA.
KonmuBanbHuii XapakTep MOMEHTY MiJ 9ac IMyCKy ICTOTHO 3MIiHIOE€ BUIJISI MEXaHIYHOI

XapaKTEPUCTUKHU.

W {Eleclronegneti: rque Te (W, Gain)

Pucynok 3.7 JlunamiyHa MexaHIgyHA XapaKTEPUCTUKA ACHHXPOHHOTO JABUTYHA MIPU
MyCKY 3 PI3HUM aKTUBHUM MOMEHTOM HaBaHTa>KCHHS

[Tpu nmycky MakcuManbHHU MOMEHT pocsirae 3HaueHHs: 800 H-m.



PO3JILJ 4: MOJEJIOBAHHSI KOHBEEPHOI JIIHII COPTYBAHHS

4.1 EnemenTn moneJi
KonBeepHna miHis cOpTyBaHHS BUTIOBHEHHA CEKITIHHO. CKIIamaeThes 3 4-X
KOHBEEPIB IOBKUHOIO 6 METPIB, TBOX JOBKUHOIO 2 METPU Ta JBOX BUTHYTHX

CTPIUYKOBUX KOHBE€EPIB, aBTOMATUHUX Bar, Tu(y31HIX JaTYUKIB, EICKTPUYHOI madH,

KHOTIOK KepyBaHHs. Momens moOynoBanHa B cepuaonuii Factory 1/0.

Pucynok 3.1 3-J1 Mogens KOHBEEpHOT JIiHIT copTyBaHHs y cepuoBuiii Factory I/O

45
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Pucynok 3.2 3-J1 Mozeni CTpiyKOBHX KOHBEEPIB

Pucynok 3.3 3-/] Mozaesb aBTOMaTUYHUX Bar



Pucynok 3.4 3-J1 Mmoaenb nudy31iHOTO JaTYrKa

Pucynok 3.5 3-J] Mozaenb copTyBajdbHUKA
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Start Bution Skp Button

Rasal Bution

Pucynok 3.6 Enexrpuuna madga 3 BMOHTOBAHUMH KHOIIKAMH KEPyBaHHS Ta JICTUICSIMHU

4.2 3arajbHUA ONUC POOOTH KOHBEEHOI JIiHil COPTYBAHHA
Ha xoHBeepHy CTPUKKY BUKJIAAAIOTh BUTIAJKOBUM YHHOM MTOCHIIKH, TTICIIS 4OTO
BOHU aBTOMAaTHUYHO COPTYIOTHCS Ha Pi13H1 CTOPOHHM JI€ JOCTABISIOTHCA 1O KOHEYHOI

TOYKH.
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Burnsgae 1ie HacTyITHUM YHHOM: ITICJISI OTPY3KH Ha KOHBEEP KOPOOKa MOTparuise
Ha aBTOMAaTUYHI KOHBEEPHI Barv. BUMIpsBIIN Bary BaHTaXXy, KOHBEEPHI Baru
BiAMpaBisIThH oTpuMani AaHi Ha [TJIK, ne To#, 3a 3amanuMu AianmazoHaMu, BU3HaYa€

HeoOXi1aHy JiHito. [licia BU3HaYeHHs JiHIT COPTYBaJIbHUK MOBEPTAE KOJIECAa B HAIPSIMOK

NOTPiOHOT JTiHI].

Pucyxon 3.7 Bantak Ha aBTOMaTM4HUX Barax.

Ha xiHIl koXHO1 JIiHIT BCTaHOJNCHUN nudy3iiHuil gatykuid. BiH moTpiOHUN AJis

paxyHKy BaHTaXy, 1110 POMILIOB 1O AaHii JiHiI.
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PO3/1JI 5: CHCTEMA KEPYBAHHS KOHBE€PHOI JITHII

5.1 IVIK Simatic S7-1200
[UIK Siematic S7-1200 — mocuth mOmMyJsipHA cepis KOHTPOJIEPIB KOMIMaHii
Siemens. 3aBasku HM3KIA IiHI, KOMIAKTHOMY JW3aifHy, YHIBEPCAJIbHOCTI Ta
€(EeKTUBHOCTI BOHM € 1Ji€aJIbHUM BHOOpOM B 00JACTi aBTOMAaTH3allli B HU3BKOMY 1
CEepEeNHhOMY IHANa30HI MPOMYKTUBHOCTI. 3aBmsku iHTerpoBaHuM [lIIJ[-koHTpONEpam
MOXJIUBO TOYHO 1 €(EeKTHUBHO HaJalITOBYyBaTu (I3MYHI 3MIHHI HEOOXITHI st

ITIOCTABJICHHUX 3a1a4.

Pucynok 5.1 Simatic S7-1200

Bci  neHTpanbHi  mporecopu  MarTh MOXKIIMBICTH BUKOPUCTaHHS — (YHKITT
TpacyBaHHS. L[ QpyHKIIisS J03BOIISIE 3M1MCHIOBATH I€TABHY 11arHOCTUKY Ta ONTUMI3aLlif0
KOPUCTYBAaLbKUX MPOTpaM Ta Mporpam pyxy, L0 OyJIu CTBOPEHI JJIsl HUX.

BoHu 37aTHI mpanioBaTH B PEXUMI PEabHOTO 4acy 1 BUKOPHCTOBYIOTHCS IS
CTBOPEHHS SIK MPOCTHUX JIOKAJIbHUX ABTOMATU30BAaHMX BY3JIIB, TaK 1 CKJIAQJHUX CHCTEM
aBTOMAaTUYHOIO YIpaBiiHHA. BoHM 3a0e3meuyroTh IHTEHCUBHUN OOMIH JaHUMH uepe3
pi3Hi Mepexi, Taki sk Industrial Ethernet/PROFINET, PROFIBUS, a Takox MyHKT-
nyHkToBi (PtP) 3'eqnanns.

SIMATIC S7-1200 Mae MOay/ibHY KOHCTPYKIIIO 1 MOXe OyTH MaciiTabOBaHUM 3
TOUKH 30py Horo pyHkiionansHocTi. [IJIK nmpornonye po3mupenuii acopTUMEHT MOJTYJI1B
BBEJICHHS-BUBEICHHSI CHUTHATY, TE€XHOJIOTITYHUX MOIYMIB Ji CHeUiaJbHUX (YHKIIIH,

TaKUX K OOUYMCIICHHS, @ TAKOXK IIEHTPATI30BaHUX 1 JICLIEHTPAII30BAHUX MOIYIIB 3B'S3KY,
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K1 MOXYTh CIIyryBatu iHTepdericamu aist MamuH abo ycraHoBok. SIMATIC S7-1200
mae kiac 3axucty [P20 1 mpuzHadeHuit A7t MOHTaXy B madi ynpaBIiHHS.

SIMATIC S7-1200 € noctaTHbO JerkuM y po6oTi. CremiaibHi cTapTOBI MaKeTH,
IO BKJIIOYAIOTh CHUMYJSTOPU Ta JOKYMEHTAllll0, MOJIETIIYIOTh O3HaOMJIEHHA. Takox
npocToTa y po0oTi, 00yMOBII€HAa MPOCTUMH CTAaHAAPTHUMH KOMaHJaMHU B IMO€IHAaHI 3
MOTY)KHUM TPOTPAMHHUM 3a0€3MEYCHHSM JO03BOJSIOTh JTOCUTHh JIETKO IMPOKpaMyBaTh
[JIK.

Tabmuis 5.1 Texniuni xapakrepuctuku Simatic S7-1200 CPU 1212C

HaiimenyBaHHs Bennuuna
Po3mipu, mm 90x100x75
Hiama3on Hamnpyru, B 20,4-28.8
[TyckoBuii cTpym, A 12
Po6oua nmam'sate, kb 75
3aBaHTakeHa mam'sath, Mb 2
306epiraroya nam’sith, Kb 10
KinbkicTh 1u(poBUX BXOIB 8
KinbkicTh 1u(ppoBUX BUXOIB 6
KinpkicTh aHaI0rOBHUX BXO/1B 2
KiIbKICTE aHAIOrOBUX BUXO/IIB 0
Moayib posmupenuss (SM) 2
Kowmynikartiitnuit monyis (CM) 3
[IBuaKi TYITEHUKHA 6
IMmynbecHI BUXOU 4
Kapra mam’sti Kapra nmam'sati SIMATIC
PROFINET komyHikamiiauii mopt Ethernet 1

Yac BuKOHaHHS apu(pMETUYHUX Oneparliii, MKc/on 2,3
Yac BUKOHAHHS JIOTTYHHUX OTepallii, MKC/OI 0,08
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Pucynok 5.2 Cxema enexrpuunux 3’eananb CPU 1212C DC/DC/DC

5.2 TIA Portal
TIA (Totally Integrated Automation) Portal € iHTerpoBanum cepenoBuILEM
pO3pOOKH, sSIKE BUKOPUCTOBYETHCSA JUIS TMPOTpPaMyBaHHS Ta  HaJalITyBaHHS
aBTOMAaTHU30BaHUX CUCTEM ympaBiiHHA. BoHO po3polOneHe kommaHi€ro Siemens 1 €

KITFOYOBMM KOMITOHEHTOM iX T1aT(OpMU MPOMHCIOBOI aBTOMAaTH3AIl1.

) b ¥ g lﬂ;"“
b L3S mRTALG -
- :— v
- 5=
102 101 ‘ 1 2 3 5:

S s B o Bl ||

Pucynok 5.3 Iarepdeiic TIA Portal
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TIA Portal namae 3pyunuii 1 enuHuil 1HTepdeiic a1 poOOTH 3 PI3HUMHU
NPUCTPOSIMUA, TAaKUMHU SIK KOHTPOJEPH, TPOMHUCIIOBI KOMITHOTEpH, PO3IMOILICHI
BBenieHHsA/BuBeneHH: (I/0), poboTH, cencopu Ta iHii npuctpoi. Lle no3Borsie iHxxeHepam
30CepeIUTUCS Ha PO3pOoOIIl JOTIKK yIpPaBIiHHS Ta IHTErpalii CUCTEM, 3aMICTh TOTO, 00
BUTpAYaTH YaCc Ha BUBUCHHS PI3HUX MPOTPAMHUX MPOTYKTIB.

Onniero 3 ximouoBux ocoomuBoctedt TIA Portal € #oro BizyanbHa cepenoBHUILEC
porpaMyBaHHsI, IO J03BOJISIE 1HXEHEpaM CTBOPIOBATH JIOTIKY YMHPaBIiHHS MUISXOM
nepeTsAryBaHHs Ta 3'¢fHaHHS O010KIB (PyHKIIIH 3a Tormomoroto rpadiudoro inTepdeicy. Le
CIPOIIY€E MpOIeC MpOorpaMyBaHHs 1 3abe3nedye OUIbIIY 3pPO3YMUIICTh Ta MEPEBIPKY
IPOrPaMHOTO KOTY.

TIA Portal Takoxx Hajmae 1HCTpYMEHTH JUIsl HajamTyBaHHs Bizyamnizamii HMI
(JIromMHA-MalIMHHMKN 1HTEp(ENC), 10 T03BOJSE CTBOPIOBATU 1HTYITUBHO 3pO3yMUIl Ta
IHTEpaKTUBHI 1IHTEep(dEericH JUIsl B3a€EMOIIi OIepaTopiB 3 aBTOMATHU30BAHOI0 CHCTEMOIO.

Oxpim Ttoro, TIA Portal mae BOymoBaHI IHCTPYMEHTH JUIS HaJallTyBaHHS
MEpEeKEBOi KOMYHIKAIli M1’ MPUCTPOSIMH, 1110 T03BOJISE 3a0e3NeUnTH e(PeKTUBHUN OOMIH
JTAHUMU Ta KEPYBaHHS CUCTEMOIO.

3araniom, TIA Portal ciporurye miporiec po3poOKu Ta 1HTerpalli aBToMaTU30BaHUX
CHUCTEM YIpaBIiHHS, 3a0€3Meuyloud €IWHE CEpEeNoBHUINE [UIsl MPOTpaMyBaHHS,
HaJAIITyBaHHA Ta Bizyatizaiii. BiH 103Bosisie iH)XKeHEpaM MpaioBaTH O1IbII €EKTUBHO,
3MEHILYIOYM 4Yac 1 3yCWJUIA, HEOOXIJHI I PO3POOKU CKIAQAHUX ABTOMATHU30BAHUX

CHCTCM.

5.3 Cucrema ynpas/iiHHSI KOHBEEPHOI JIiHil COPTYBAHHS
Factory /O no3Bomsie BUKOPUCTOBYBATH SIK BHYTPIIIHINA eMyJsTOp KOHTpOJepa
Control I/O, tak i peansuuii I[IIVIK. B nanomy Bunaaxy BuxkopuctoByetbes [IJIK Siematic

S7-1200.
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Host: 192.168.0.150

Start Button %10.0 %Q0.0 Conveyor 1
Stop Button %I10.1 %Q0.1 Conveyor2
Reset Button %10.2 %Q0.2 Conveyor3
Reset Sensor %l0.3 %Q0.3 Pop-Up(Left)
Score Sensor 8kg %l10.4 %Q0.4 || Pop-Up(Right)
Score Sensor 10kg %10.5 %Q0.5 Conveyorl1

Score Sensor 15kg %10.6 %Q0.6 Conveyorl2
%I0.7 %Q0.7 Conveyorl3

ConveyorScale %ID100 (REAL) %Q1.0 ConveyorM1
%ID104 %Q1.1 ConveyorR1

%Q1.2 ConveyorR2

%Q1.3 ConveyorR3
(DINT) %QD100 8kg
(DINT) %QD104
(DINT) %QD108

Pucynok 5.4 Cxema 3'eqHaHHS BXOAIB/BUXOAIB y cepunoBuuli Factory I/0

3a pgomomorotro IIJIK Siematic S7-1200 BigOyBaeTbCsi KepyBaHHS JIIHIEIO
COpPTYBaHHSI, a CaMe IyCK/CTOII, aJITOPUTM COPTYBaHHS Ta PaXyHOK KOPOOOK.

Ockinbku Factory /O He no3Bosisie 0o0'eqHAaTH JEKUIbKAa €JIEMEHTIB B OJUH
HEOOX1THO KOXKEH €JIEMEHT CUCTEMU IiIKJII0YaTH B OKpEMU BUXiJl. TakoK HE MOXKIMBO
3pOOUTH KOHBEEPHY JIIHIIO 3a HEOOXIIHUM pO3MIpOM, TOMY IO OyaoBa MoJeml
Bi/1I0yBaeTbcs BUOOpOM TOTOBHX eneMeriB. B cepumoBunii Factory /O CrpiukoBi
KOHBEEPU MAIOTh IOBKHUHM 2, 4 Ta 6 METpiB, TOMY KOHBEEp OymyeThcsl cekIliiHo. Uepes
1€, HalPUKJIAJ], 3aMiCTh OJJHOTO JIOBIOTO KOHBEEpA JOBKUHOIO 12 METpiB CTaBIATH J1Ba
IIECTH METPOBUX KOHBEEPA, KOTP1 MarOTh BiIacHUM npuBol. lle HeoOXimHO BpaxoByBaTH
npu MozentoBaHH1 Ta porpamyBanHi [1JIK, xoua nacmpaBai, B )KUTTI, 32 HEOOX1AHOCTI

MOXJIMBO (p13MYHO 3'€HATH BC1 €JIEMETPU B OJMH.
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[lyck nABuUTyHIB BiIOYBAa€ThCS 3a KIACUYHOIO CXEMOKO 3allyCKy AacCHMHXPOHHUX

JIBUTYHIB.

"Cron" “nvCK" Kl

I A2 Al
3 4 1 2
K1

NO (14) NO (13)

PucyHnok 5.5 CxeMa nycKy aCHHXpOHHOTO JABUTYHA
Knonka "Cron" mocriiiHo 3amkHeHa. Haxkumaroun Ha kHomky "Ilyck" wmu
3amMuKaeMo enekrpuyHuil nanutor. Konrakrop (K1) BukopuctoByeTbes 1uist TOro, o0 He
Oyno HeoOximHoCTI TpuMaT kKHOMNKy "Ilyck" mocTiitHo HatucHyTORO. [licis HaTUCKaHHS
Ha KHOIKY KaTyllKa KOHTaKTOpa 3aMHMKae KOHTakTh 1 yTpumye ix. Knomka "Crom"

PO3MHUKAE JIAHITIOT.
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%00 %01 %Q0.0
-start - stop” - conveyor”

Pucynok 5.6 Cxema nycky/3ynunku y cepugoBui TIA Portal
[Ipote, ockibKM Halla MOJENb BIpTyajdbHa, MU €MITYEMO KOHTAKTOP JBUTYHOM
koHBeepa. Takox udepes te, mo y cepuaoBuil Factory I/O knomka "Cron" mocTiitHO

3aMKHeHa, Ha LD-miarpami mu 300paxyeMo ii Ik HOpMaJIbHO 3aMKHEHY.

%DB1
*IEC Timer 0_DB" %M100.0
IN_RANGE TON ‘mem” %Q0.3
Real Time SR "pop-upfleft)"
IN Q 5 Q—— F—
3.0 — MIN T#200M5 — pT ET — T#0ms 0.3
D100 "reset_sensor" — R
“conveyor_scale” — ya
4.0 — MAX
%DB2
"[EC_Timer_0_DB_
1™ %M100.1
IN_RANGE TON “mem2” %Q0.4
Real Time SR "pop-up{rigth)’
IN Q 5 e F—
70 — MIN T#200MS — pr ET — T#0ms %0.3
WD100 "reset_sensor’ — R
“conveyor_scale™ — VAL
10.0 — mAX

Pucynok 5.7 Cxema copTyBaHHsI
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KonBeepHi Baru miAKJIIOUEHHI 10 aHa’I0BOro BxoAdy. Ilicis moTparisiHHg Ha HHUX
BaHTQ)Xy BOHM TI€PEIBAIOTh JaHI Ha KOHTposep. JlaHi TOpIBHIOTBCA y OJIOKax
"IN_RANGE" 3a 3aganum niamazoHoM. OCKUJIbKH BUMIPIOBaHHS TTOYMHAETHCS K TUIBKU
BaHTaX MMOYHE MOTPAILISATH HA Bard, BUMIPIOBAHHS HE € TOYHUM. TOMY BUKOPHUCTOBYEMO
taitmep "TON" axuit yepe3 200 miniceKyHT qae curHai Ha 0ok mam'sati "SR", kotpuit
MOCTIHHO MOJA€ CUTHAJ Ha COPTYBAJIBHUK MICIS MPOXOHKCHHS BaHTAXy yepe3 Baru,
ICJIsl YOTO BiH MOBEpPTa€e y HEOOXiHYy CTOPOHY, ab0, SIKIIO Bara BaHTaXy HE MIAXOAUTH
YKOJHOMY 3 Jiana3oHiB, 3aJIMIIAETHCA B CTaHIApTHOMY MOJIoKeHi. HacTynmHuil BaHTax
MIPOXOJIUTH Yepe3 JaTduK cOpocCy, IKUil MOCTIHHO noaae curHan "reset" Ha 6mok "SR", 1m0
MOBEpPTA€ COPTYBAJbHUK HA BUXIJTHE MOJOKEHHS. [aTunk po3MillleHui Tak, 00 Mmicis
HOT0 MPOXO/HKEHHSI Bara BAHTaXKY BUMIPSJIACH B IIEHTP1 KOHBEEPHUX Bar, 110 3a0e3Iedye

TOYHICTh BUMIPIOBaHHS.

%DB7
10ka"
%0.5 kg
“score_sensor_ CTu
10kg” Dint
I 1
11| v Q
0.2 %0QD104
"reset’ — g oy —"display_10kg"
1000 — py

Pucynok 5.8 Cxema J14iHUKIB
Ha kiHIsX KOXKHOI 3 JIIHIM BCTAHOBJIEHHO 1O AaTyuKy. Koiu yepes HUX mpoXoauTh
BaHTaX BOHU MoJal0Th curHai B 0ok "CTU", skuit paxyi KOXKEH CUTHAJI Ta BiANpaIsie
i HaHHI Ha nucruied. Knomka "Reset" ckuaye paxyHok no 0 1 moynHae paxyBaTH

CIIOYATKY.
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BUCHOBOK
VY nmaniit kBamidikamiiiHii poOoTi Oyma po3poOiieHa cHucTeMa aBTOMATHYHOTO

KepyBaHHsI KOHBEEPHOIO JIIHIE0 Ha 0a3i mporpaMoBaHoro Jiorigsoro koHTposepa (ITJIK)
Siemens 1200. Metoro gocmimkenHs Oyino BuBdeHHsT MoxkinBocted [TJIK Siemens 1200
1 po3po0IeHHs €PEKTUBHOT CUCTEMH KEpyBaHHS ISl MOKPAIICHHS MPOTyKTHBHOCTI Ta

e(eKTUBHOCTI KOHBEEPHOT JIiHII COPTYBaHHS.

Y pesynbrari BUKOHAHHA KBamipikaitHoi poOoTH OyiaM OOCSATHYTI HACTYMHI

pE3yabTaTH:

1. byna mpoBenmena neranbHa aHaliTUYHA po0OOTa WIOAO BUBYCHHS
moxkauBoctedt [IJIK Siemens 1200. byno posmisiHyTa apxiTeKTypa KOHTpoJiepa, Moro
ocoOnMMBOCTI Ta (YHKUIOHANbHI MOXIMBOCTI. lle mamo 3Mory kpamie 3po3yMiTH
npuHiunu podotu IJIK Ta BU3HauuTH HAWOLIBII ONTUMAIBHUN MIAXIT 10 PO3POOKH

CUCTEMU KE€PYBaHHSI KOHBEEPHOIO JIIHIETO.

2. bynu Bu3HaueHi OCHOBHI (YHKIIi Ta BUMOTM JI0 CHUCTEMHU KEPyBaHHS
KOHBEEPHOIO JIiHI€0. BpaxoByrouu 111 BUMOry, Oyna po3polieHa apXiTeKTypa CUCTEMH,
BKJIFOUAIOYH JITOPUTMHU YIIPABJIIHHS, B3aEMO3B'30K MI>K KOMIIOHEHTaMH Ta iHTepdeiicu

3 OIIEepPaToPOM.

3. 3a pomomororw mporpamHoro 3abesnedeHHs Siemens TIA Portal Oymo
peanizoBano nporpamyBanHs [1JIK Siemens 1200 st kepyBaHHS KOHBEEPHOIO JIHIEIO.
Bynu ctBOpeH1 mporpamu JUisl YOPaBIIHHS PYXOM KOHBEEPIB, CUMHXPOHI3alii poOOTH

PI3HUX MPUCTPOIB, KOHTPOJIIO SAKOCTI Ta THIIMX (PYHKIIIH.

4. byno mpoBeaeHo TecTyBaHHS pPO3POOJIEHOT CHUCTEMH KEpyBaHHS Ha
BIpTyallbHIA MOJENI KOHBEEpHOI JiHII. Pe3ynmbTaté TeCTyBaHHS MIATBEPIUIU

MPaBWIBbHICTh POOOTH CUCTEMH, 11 €(DEKTUBHICTH Ta HAIIMHICTb.

OTtxe, kBanidikariiiina podota "Po3po06iieHHs] CUCTEMU aBTOMAaTUYHOTO KEpYBaHHS
KoHBeepHO JiHiero Ha 0a3l [IJIK Siemens 1200" ycmimHo pocsria CBOET METH.

Po3pobniena cuctemMa 03BOJISIE€ IMIABUIIUTH MPOAYKTUBHICTh Ta e€()EKTUBHICTH
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KOHBEEPHOI JIHII, aBTOMATHU3yBaTH MPOIECH KOHTPOJIO Ta KEPYBaHHS, a TaKOXK

3a0e3Meuye THyUKICTh 1 HaAIHMHICTh Y pOOOTi.
Ji moganbIIuX TOCHIKEHb Ta PO3BUTKY BapTO PO3IISHYTH HACTYITHI HAPSMHU:

1. PosmmpenHss (yHKIIOHATBHOCTI CHUCTEeMHM KEpyBaHHS Ui MIATPUMKHU
JIOIATKOBUX (PYHKIIIM, TaKuX SK BIICTEXKECHHS CTaHy oOOJagHaHHS, JlarHOCTHKA

HECIPABHOCTEH, B3aEMOJIiSl 3 CHCTEMaMH MOHITOPHUHTY TOIIIO.

2. BnpoBa/ykeHHsI 1HTENEKTyalbHUX AJTOPUTMIB JUIsl ONTHUMI3alli poOOTH
KOHBEEPHOI JIHII, HANPUKIAJ, aJalTUBHOTO KEpyBaHHS IIBUAKICTIO, ONTHUMI3aIlii

TPAEKTOPINA PYXy TOIIO.

3. [nTerpariiss 3 HIIMMU CHUCTEMaMM aBTOMAaTH3allli, HAIPUKJIIAJ, CUCTEMOIO

yIIpaBJIiHHS 3aracamMu ab0 CUCTEMOIO MOHITOPUHTY BUPOOHUUYUX IPOIIECIB.

B ninomy, po3po0neHHs] CHCTEMU aBTOMAaTUYHOTO KEPYBAaHHSI KOHBEEPHOIO JIHIEIO
Ha 6a3i IIJIK Siemens 1200 BusBWIOCS yCHIIIHUM Ta TMEPCHEKTUBHUM. Pe3ymbratn
JOCJIII)KEHHS BKa3yIOTh HA MOTO MOTEHLIAJ JUIsl BAOCKOHAJIEHHS! BUPOOHUYKX MPOLIECIB,

3HWDKCHHSI BUTPAT Ta IMiABUIIECHHS SIKOCTI TIPOIYKITIi.
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Honarok A
SECTION 1 ANALYTICAL PART

1.1 Types of conveyors

A conveyor is a continuous machine designed to transport bulk and piece materials

from one place to another.
There are the following types of conveyors:

- Belt conveyors - in such conveyors, the movement of cargo is carried out by
means of a closed belt driven by the friction force between it and the drive drum. They
are used to transport goods horizontally and on an inclined plane. It consists of a conveyor
belt, a drive, a stage with rollers, a loading and tensioning device. Such conveyors have

a high capacity of up to 30 thousand tons per hour and a length of 15 thousand meters.

Figure 1.1 Belt conveyor

- Screw conveyor - the movement of cargo is carried out by dragging the cargo with
the blades of a rotating screw along a fixed chute. They are used for transportation of

bulk, dusty, small lumps, powdery materials in vertical, horizontal and inclined directions.
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They can also be used as dispensers or mixers. Their design is simple and easy to
maintain, they are small in size, hermetically sealed, and capable of transporting dusty,
hot, and toxic materials. However, the disadvantage is significant wear and tear of the

mechanism parts, energy consumption, and abrasion of the cargo.

Figure 1.2 Screw conveyor

- Scraper conveyors are used to move low-abrasive, loose, and in some cases piece
goods with the help of scrapers connected to each other by means of traction chains in a
horizontal and vertical position. They are reliable and unpretentious in operation and

productive. The disadvantage is that the scrapers wear out quickly.
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Figure 1.3 Scraper conveyor

- Vibratory - the principle of operation is based on the oscillatory movement of the
working load-carrying body. They are used to transport highly dispersed materials in
horizontal, vertical, and inclined directions. Vibrating conveyors are usually used in the
mining industry to move blasted ore. Therefore, the design should be simple, robust, and

reliable.

Figure 1.4 Vibrating conveyor

- Plate conveyors consist of plate chains. It is used in cases where the belt analog

cannot withstand. Also used for sorting lightweight products that are subject to automatic
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sorting. Slat conveyors are highly reliable and, due to their versatility, have a wider range
of cargo for sorting. However, the speed of cargo movement is low, the conveyor is heavy,
complex and expensive to use due to the large number of hinge elements that require

regular lubrication, and high energy consumption.

Figure 1.5 Plate conveyor

- Roller conveyor - rollers fixed at a small distance from each other. They are
divided into two types: non-driven (gravity) and driven. Non-driven ones are installed at
a slight angle, so that the load moves under the influence of gravity. In the driven type,
the movement is provided by a group or individual drive. Rollers are mounted on a rigid
frame. They are used to move single pieces of cargo. This type of conveyor is ideal for

transporting non-bulk materials.
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Figure 1.6 Roller conveyor

Conveyors also include elevators and escalators.
1.2 Advantages and disadvantages of conveyors
Advantages of conveyors:

l. Increased productivity: conveyors are able to transport large volumes of

goods with minimal time and effort.

2. Cost reduction: conveyors reduce the cost of transportation, storage and

warehouse management.

3. Improved quality: the use of conveyors reduces the number of errors in the

processing of goods, as well as increases the accuracy and speed of processing.

4, Reducing the risk of injury and improving worker safety: conveyors reduce
the amount of manual work, thereby reducing the risk of injury and improving worker

safety.

5. Reduced environmental impact: the use of conveyors can reduce the amount

of waste and pollution that occurs when goods are transported by vehicles.

Disadvantages of conveyors:
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l. High purchase and installation costs: Conveyors are complex structures and

require high costs to purchase and install.

2. Space constraints: Conveyors require a certain amount of space for
installation and use, which may not be available in small rooms or places with limited

space.

3. Limited flexibility: Conveyors do not allow for rapid changes in production
processes or production needs, as they are usually designed for a specific type of product

or for a specific process.

4. Difficult installation: Conveyors can be difficult to install and set up, which

can require additional time and labor costs.

1.3 Conveyor sorting lines

A conveyor line is a technological cargo transportation system consisting of two or

more conveyors arranged in series.
Conveyor sorting lines are a system of automatic sorting of goods using a conveyor.

Conveyor sorting lines consist of various components, such as work tables, devices
for recognizing and classifying products, various types of conveyors that move products
to the work tables, vehicles for removing sorted products, and control devices for

monitoring the sorting process.

The benefit of such systems is to facilitate and speed up work. Employees simply
randomly place a certain cargo on the conveyor belt, and then the system sorts it according

to a given algorithm. The system can sort anything: multi-sized parcels, molds, parts, etc.

Such a line distributes goods much faster and more accurately than a human, which
almost eliminates the risk of errors due to the human factor. The system can also operate
around the clock. Conveyor sorting is extremely useful for manufacturers, businesses,

distributors, etc.
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The sorting conveyor line is similar to conventional sorting lines that are available
at many enterprises. The difference lies in the tasks of these lines. While the latter
transport goods from point A to point B, the automatic conveyor performs additional
functions that were the direct responsibilities of employees. These include, for example,
identification, scanning, weighing, etc. The system performs these operations

automatically and directs them to the right container.

1.4 Programmable logic controller
A Programmable Logic Controller (PLC) is a device used to automate processors.

A PLC consists of a central processing unit (CPU), memory, input and output
modules, and software. Input modules receive information from sensors and other

devices, and output modules transmit signals to control and measurement devices.

The use of PLCs as specialized computerized automation tools implies their long-

term autonomous use

with little or no maintenance and human intervention, most often in difficult

operating conditions.

PLCs are devices designed to operate in real-time systems and have several

differences from other similar devices.

Unlike microprocessors with hard logic, PLCs are more acceptable in the case of
single and small-scale production of control systems, especially when it is necessary to
adapt them to the objects under control. Unlike embedded systems, they are also

manufactured as standalone products.

Modern PLCs are freely programmable. All PLC languages have easy access to bit
mapping in machine words, unlike most high-level programming languages of modern

computers.
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For any production process, there are strict regulations that must be followed to
ensure the productivity and quality of the process. Complex processes are divided into

elementary operations.

When automating technological processes, there is a need to control processes
without human intervention, so automation tools must ensure that the process is
conducted in accordance with a given control algorithm. A diagram that explains how

technical means interact with each other is called a control structure diagram.

To perform elementary logic, relay-contact devices are used, such as

electromagnetic relays, starters, switches, buttons, etc.

The basic elementary logic operations used in programmable logic controllers

(PLCs) include the following:

l. Logical "AND". This operation returns TRUE (logical one) only if both
input signals are TRUE. Otherwise, it returns FALSE (logical zero).

2. Logical OR: This operation returns TRUE if at least one of the input signals
1s TRUE. It returns FALSE if both inputs are FALSE.

3. Logical NOT: This operation reverses the value of an input signal. If the

input signal is TRUE, it returns FALSE, and vice versa.

4, Logical XOR (exclusive OR): This operation returns TRUE if the number of
TRUE input signals is odd and FALSE if the number of TRUE input signals is even.

5. NAND: This operation returns FALSE if both input signals are TRUE, and
TRUE in any other case.

6. NOR: This operation returns TRUE if both inputs are FALSE, and FALSE

in any other case.

These elementary logic operations are combined to create more complex logic
expressions that are used in PLC programs to control various processes and devices in

automated systems, allowing you to perform tasks of varying complexity.
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1.5 LD language

The language of relay diagrams LAD (Ladder Diagram) or relay-contact diagrams

(RCS) is a graphical language that implements the structures of electrical circuits.

LAD arose out of the need for a simple and understandable means of programming
control logic. It appeared in the mid-20th century as a simplified form of relay
programming. Initially, LD was used in electrical systems, and later found wide

application in industrial automation and control.

Graphically, an LD diagram is depicted as two vertical power buses. Between them
are circuits formed by connecting contacts. The load of each circuit is a relay, each of
which has contacts that can be used in other circuits. Using the LAD language, you can
easily visualize the logical operations performed in a PLC and monitor the status of input

and output signals.

LAD is widely used to program PLCs that are capable of controlling various
industrial processes, such as automatic manufacturing, building management systems,
mechanical engineering, transportation, and much more. LAD can also be used to model

and simulate the operation of control systems before their physical implementation.
The main elements of the LAD language are:

1. Contacts - symbolize PLC inputs, such as sensors, buttons, etc. They have

two states: closed (1) or open (0).

2. Relays - symbolize the output signals of the PLC. They are active (1) or

inactive (0).
3. Blocks of logical operations - include AND, OR, NOT and other operations.

4, Delay blocks - used to delay the execution of logical operations for a

specified time.

5. Timer blocks - used to measure time and perform certain actions depending

on time intervals.
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In the LAD, elements are arranged horizontally on "lines" (levels) that represent
the sequence of events. Levels are related to the program logic and are executed from top

to bottom.

Lines connecting contacts and coils indicate logical connections between them. If
the connection is closed, it means that activation of a contact leads to activation of the

coil or another contact with which it is connected.

In LAD, you can use combinations of contacts and coils to create complex logic
expressions. For example, use a series of pins to create sequential logic, or parallel pins

to create alternative execution paths.

When creating a LAD segment, you must follow the following rules:

1. Do not create branches that will reverse the signal flow.
A B c D z
|| || | || )
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Figure 1.7 Incorrect connection of circuit elements
2. Do not create branches that will lead to a short circuit.

A B c Z

N
L

Figure 1.8 Branching that leads to a short circuit

The main advantage of the LAD language is its ease of use and visual clarity.

However, the language has its limitations, in particular, the difficulty of programming
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relatively complex logical operations and controlling the sequence of command

execution.

Another disadvantage of the LAD language is the need to use a large number of
graphical symbols and relay contacts for complex programs, which can lead to confusion
and difficulty in understanding the program. In addition, the LD language is not suitable

for implementing high-level algorithms and data processing operations.

1.6 FBD language

Function Block Diagram (FBD) is a graphical programming language used to
describe control logic in programmable logic controllers (PLCs) and other automated
systems. FBD provides the ability to express control logic through function blocks, which
simplifies the understanding and development of programs for industrial automation

equipment.

Figure 1.9 Functional block diagram (FBD)

The Function Block Diagram (FBD) was developed to simplify the programming
of control logic in programmable logic controllers (PLCs). It appeared as an alternative
to text-based programming, allowing developers to express control logic using graphical

elements and connections between them.
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FBD is widely used in the programming of industrial automated systems, in
particular in programmable logic controllers (PLCs). It allows you to describe complex

logical relationships and equipment control using function blocks.

The main elements of FBD are function blocks, connections, and inputs/outputs.
Function blocks represent individual functions or operations. Links are used to transfer
signals and data between function blocks. Inputs/outputs define external connections to

equipment or other systems.

In an FBD, there are a large number of function blocks that perform different

operations and functions. Some of them include:

1. Logical operations: AND, OR, NOT and other blocks that perform logical

operations on input signals.

2. Arithmetic operations: blocks of addition, subtraction, multiplication,

division and others that perform arithmetic operations on numerical values.

3. Timers and counters: blocks that allow you to measure the time or number
of events.

4. Comparisons: blocks that compare values and perform conditional
transitions.

5. Delays: blocks that allow you to delay an input signal for a certain period of
time.

6. String processing: blocks that perform operations on strings, such as

concatenation, splitting, etc.

7. Analog operations: blocks that perform operations on analog signals, such

as filtering, scaling, etc.

In FBD, function blocks are arranged on a graphical field, with connections
between them indicating the flow of data or signals. Blocks can be arranged in any order,

and links indicate logical dependencies between blocks.
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The connections in the FBD must be made between the outputs and inputs of the
function blocks. The input and output data types must be compatible. One output signal

can be connected to several input signals.

In FBD, it i1s possible to use branching and conditional jumps to define different
ways of executing a program. This is usually achieved by using logic blocks that perform

comparisons and make decisions based on conditions.
Advantages of FBD

l. Graphical nature: FBD provides a visual representation of the control logic,

which makes it easier to understand and aBenefits of FBD

1. Graphical nature: FBD provides a visual representation of control logic,

which makes it easier to understand and analyze programs.

2. Ease of use: FBD allows developers to express control logic using graphical

elements, making it accessible even to beginners.

3. Modularity: FBD allows you to create modules and subroutines that can be

reused and easily maintained.

4, Integration with other languages: FBD can be combined with other
programming languages, such as text-based programming or schematic representation

languages.
Disadvantages of FBD

1. Limited capabilities: FBD cannot always express complex algorithms or

functional requirements that are available in other programming languages.

2. Large program sizes: Complex FBD programs are quite large in size due to

the graphical representation, which makes them difficult to analyze and maintain.

3. Difficulty of debugging: While debugging FBD programs, it is difficult to
determine the point of the problem because it requires analyzing graphical relationships

and blocks.
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2. Ease of use: FBD allows developers to express control logic using graphical

elements, making it accessible even to beginners.

3. Modularity: FBD allows you to create modules and subroutines that can be

reused and easily maintained.

4. Integration with other languages: FBD can be combined with other

programming languages, such as text-based programming or schematic representation

languages.
Disadvantages of FBD
l. Limited capabilities: FBD cannot always express complex algorithms or

functional requirements that are available in other programming languages.

2. Large program sizes: Complex FBD programs are quite large in size due to

the graphical representation, which makes them difficult to analyze and maintain.

3. Difficulty of debugging: When debugging FBD programs, it is difficult to
determine the point of the problem because it requires analyzing graphical relationships

and blocks.
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MeTtoo poGoTH € po3po0IEHHS CHUCTEMH AaBTOMATHUYHOTO
KepyBaHHSI KOHBEEPHOIO JITHIEIO.

JI71s1 BUKOHAHHSI TTIOCTaBJIEHO1 METH B p0OOTI HEOOX1HO BUKOHATH
HACTYITH1 3aBIaHHS:

* TIPOBECTH aHaJI3 Cy4aCHUX KOHBEEPIB;
* CKJIaCTH MOJICJIb KOHBEEPHOI JIIHII COPTYBAHHS;

* pPo3poOuTH cucTeMy aBTOMaruuHoro kepyBanus mist KJIC 3
Bukopucta"uam [IJIC Siemens S7-1200;

* TIPOBECTH JOCIIDKEHHS IMyCKY JIBUT'YHAa KOHBEEpa B IIpOTrpami
Matlab.

O0’€KT JOCHIIZKEHHSI — CHCTEeMa aBTOMaTUYHOIO K€pyBaHHSA
KOHBEEPHOIO JITHIEIO.

IIpeamer NOCJIIIKEeHH A — CHUCTEMa aBTOMATHUYHOI'O
KepyBaHHS KOHBeepHOIO diHIer0 Ha 0a31 [IJIK Siemens 1200.
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