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YOK: 005:004.896:62-65:338.3

BupobHnyteo & MexatpoHHi Cuctemmn 2023: matepianu VII-oi MixHapogHoi
KoH(epeHuii, XapkiB, 19-20 xoBTHa 2023 p.: Te3u pgonosigen / [peakon.
I.LL. HeentopoB (BignoBiganbHui pegaktop)].-Xapkis: [enekTpoHHui apyk], 2023 - 163c.

Y 36ipHUK BKNKOYEHI Te3n [OMNOBiAeN, AKi MPUCBAYEHI CyvyaCHUM TeHAeHUisM
PO3BUTKY TEXHOMorin Ta 3acobiB BMPOOHULUTBA Ta MEXaTPOHHUX CUCTEM,
nepefoBOMy [AOCBiQY Ta BMPOBAOXEHHIO IX B rany3sx CUCTEM MNPOMMUCIOBOI
aBTomartusauii Ta kepyBaHHS BUPOOHULTBOM, CUCTEMHIN iHXEHepIl;
CAD/CAM/CAE cuctemax; MexaTpoHiUi (enekTpo-mexaHidyHuX cuctemax,
€MNEeKTPOHHMX [HCTPYMEHTax CUCTEM KepyBaHHS, MexaHiyHux CAD cucremax);
poboToTexHiui Ta 3acobaxm iHTenekTyanidauii; MEMS (cyyacHux matepianis
Ta TexHonoriax BurotoBneHHs MEMS) ta komnoHeHTax i TexHonorisx
aBToMaTm3auii BugobyTky, nepepobkn Ta TpaHCNOPTYBaHHA HadTu Ta raasy.

Pepakuinxa konerist: |.LU. Hesntogos, B.B. €BceeB.

Manufacturing & Mechatronic Systems 2023: Proceedings of Vlist International
Conference, Kharkiv, October 19-20, 2023: Thesises of Reports / [Ed.
[.Sh. Nevlyudov (chief editor).] .- Kharkiv .: [electronic version], 2023. - 163 p.

The collection includes the thesises of reports on modern trends in the
development of technologies and means of production and mechatronic
systems, top experience and implementation of them in fields of: industrial
automation and production management systems; systems engineering;
CAD/CAM/CAE systems; mechatronics (electrical and mechanical systems,
electronic control tools, mechanical CAD systems); robotics and intellectual
toolls; MEMS (modern materials and manufacturing technologies MEMS)
and components and technologies for the automation of oil, gas and oll
extraction, processing and transportation.

Editorial board: Igor.Sh. Nevludov, Vladyslav.V. Yevsieiev

© Kadhegpa KomMn'toTEPHO-IHTENPOBAHNX TEXHOSOTIN,
aBTomaTm3auii Ta pobotorexHiku (KITAP),
XHYPE,2023

M&MS 2023, 19-20 October, Kharkiv, UKRAINE
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MiHicTepcTBO OCBITM | Haykn YkpaiHu (MOHY)

XapkiBCbKuI HaLioHanbHUI yHiBepcuTeT pagioenekTporikm (XHYPE)
BaplwaBcbkuii yHiBepcutet cinbcbkoro rocnogapctea (WULS - SGGW)
AzepbanaxaHCbknii AepXXaBHUIN YHIBEPCUTET HATX i NPOMMUCNOBOCTI

HauioHanbHun yHiBepcuTeT «J1bBiBCbKa NoOMiTEXHIKa»
Festo Didactic YkpaiHa
Jabil Circuit Ukraine Limited
TOB «HaykoBo-B1po6HuYe nignpuemctso «YKPIHTEX»»
dakynsTeT aBTOMaTUKM | KOMM'IOTEPU30BAHNX TeXHOMOriN (AKT)

Kadbegpa koMn'toTepHO-iHTErPOBaHMX TEXHOMOTi, aBToMaTum3auii Ta pobotoTexHiku (KITAP),
[epxaBHe nianprmeMmcTBo «HaykoBO-A0CMIAHUIA TEXHOMNOTYHUIA IHCTUTYT NpunagobyayBaHHS»
HepxaBHe nignpnemcTBo «[1iBOEHHUIA OepXXaBHUN NPOEKTHO-KOHCTPYKTOPCHKUN Ta
HayKOBO-AOCMIAHWUIA IHCTUTYT aBiaLinHOT MPOMUCIIOBOCTI»

MATEPIAIN

Vll-oi MixxnapogHoi KoHdepeHLuil
BUPOBHULUTBO
&

MEXATPOHHI CUCTEMMU 2023
(19-20 »xoBTHa 2023)
XapkiB, YKkpaiHa
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MiHicTepcTBO
(® ocpiTy i Hayxu
4 Ykpainu

NURE

Kharkiv National University
of Radioelectronics

WaRSAW UNIVERSITY
¥'sl4 OF LIFE SCIENCES
-SGGW

NDNSU

AZORBAYCAN DOVL®OT NEFT
VO SONAYE UNIVERSITETI

FESTO

UKRJANT=CHE

UKRAINIAN INNOVATIVE TECHNOLOGIES

LOATHITPOHIIABHAIIPOM

L

JABIL

MinicrepcrBo ocBitu i Hayku Ykpainu (MOHY)

The Ministry of Education and Science of Ukraine

XapkiBcbknii HALIOHAJILHMIA yHiBepcuTer
panioesnexkrponiku (XHYPE)

Kharkiv National University of Radioelectronics

Bapmascbkuii yHiBepcuTeT cilbCcbKOTO
rocnogapcrsa (WULS - SGGW)

Warsaw University of Life Sciences WULS - SGGW

AsepOaiifzkaHcbKuii  Jep:kaBHUI  yHiBepcuTeT
Ha(TH i IPOMUCIOBOCTI

Azerbaijan State Oil and Industry University

Festo Didactic Ykpaina

Festo Didactic Ukraine

TOB «HaykoBo-BHUpOOHUYE miANPHEMCTBO
«YKPIHTEX»»
Research and Production Enterprise

"UKRINTECH" Ltd

HanionanbHuii yHiBepcuTeT «/IbBiBChKA
NnoJiTexXHiKka»

National University Lviv Polytechnic

Jep:xkaBHe nmiANpueMcTBO «XapKiBChKHMii HAYKOBO-
DOCTiAHUH IHCTUTYT TexHoJOrii MamuHOOY1yBaH-
Hs», M . XapkiB , Ykpaina

State Enterprise «Kharkiv Scientific-Research
Institute of Mechanical Engineering Technology»,
Kharkiv, Ukraine

JepixaBue nianpuemctBo «IliBaeHHuii gepixaBHuUii
NMPOEKTHO-KOHCTPYKTOPCHKHU Ta HaYKOBO-
pocainHnii iHCTHTYT aBiauniiiHol mpomucJIoBoOCTI»,
M. XapkiB, Ykpaina

State Enterprise «National Design & Research
Institute of Aerospace Industries», Kharkiv,
Ukraine

Jabil Circuit Ukraine Limited
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KOMITET KOH®EPEHIIII

MI)KHAPOJIHUIM ITPOTPAMHUI KOMITET KOH®EPEHIIIL

Irop llakupoBuy4
HesmonoB

Ounekcanap IBanoBuY
POununeHko

Mypaa AuBep orin

Omapos

Baaaucinas
B’siuec;iaBoBHY
€BceeB

Andrzej Chochowski

Pawel Obstawski

Cepriii Boromo.sioB

Mnukosa BacniboBuy
3amipeusn

Mnuxaiijio BacuiboBuy
Jlodyp

€sren Cepriiiopnu
Puzkenko

Cepriii
BoJsioaumupoBu4
Jemuenko

roJIoBa KOMITETY KOH(EPEHIIil, JOKTOp TEXHIYHUX HayK, mpodecop,
3aBigyBay  Kadeapuy  KOMI''OTCPHO-IHTEIPOBAHUX  TEXHOJIOTIH,
aBTomMaTu3zauii  Ta  poGororexHiku (KITAP), XapkiBcbkoro
HAI[IOHAJILHOI'O YHIBEPCUTETY PaliOeIeKTPOHIKY, YKpaina

3aCTYIHHUK IOJIOBU KOMITeTy KOH(EpeHIil, JOKTOp TEeXHIYHUX HayK,
npodecop, aekaH (akyabTeTy ABTOMATHKH 1 KOMITIOTEPHU30BAHUX
texHonorii (AKT), XapkiBCbKOro HaliOHAJIBHOTO YHIBEPCHTETY
panioeneKkTpoHiku, YKpaiHa.

JOKTOp TEXHIYHMX HaykK, HPogecop, MPOPEKTOp 3 MDKHAPOIHOIO
cmiBpoOiTHUITBA,  XapKIBCbKMH  HAIIOHAIBHUH  yHIBEPCHUTET
panioenekTpoHiku, Ykpaina
CeKkperap, JOKTOp  TEXHIYHMX Hayk, npodecop  kadenpu
KOMITTOTEPHO-IHTETPOBAaHUX ~ TEXHOJIOTI,  aBTOMarW3amii  Ta
POOOTOTEXHIKH (KITAP), XapKiBCbKOTO HALIOHAJILHOTO
YHIBEPCHUTETY pajlioeNeKTPOHIKH, YKpaiHa.

JIOKTOp TEXHIYHHX HaykK, mpogecop BapmiaBcekoro yHiBepcHTETY
cuiscbkoro rocnoaapersa (WULS - SGGW), Ilonbiua

JIOKTOp TeXHIYHUX Hayk, npodecop BapiaBcbxoro yniBepcurery
cineebkoro rocrnoaapersa (WULS - SGGW), TMonbiia.

JEKTOP/IONEHT,  AOKTOp  dinmocodii  (KOMM'IOTEpHI  HayKH),
JlocnigHuIbKa WIKOTA KOMITIOTepHHX Hayk, Komemx imxeHepii Ta
KOMIT'FOTEPHUX HaykK, ABCTpaliiCbKHH HaI[iOHAJBbHUM YHIBEpPCHUTET,
Ascrpanis.

JOKTOp TEeXHIYHHX Hayk, npodecop, aupexrop J[lepxkaBHOro
nignpueMcrBa  HayKoBO-IOC/IIIHOIO TEXHOJIOIIYHOIO IHCTHTYTY
npuinanodyayBanus, YKpaina

JIOKTOp TEXHIUHMX Hayk, npodecop, 3aBimyBad kadeapw CHCTEM
aBTOMATH30BaHOIO NpockTyBaHHs HarioHalbHOro YyHIBepcUTETY

«JIpBIBCBKA MOJITEXHIKaY, YKpaiHa.

kepiBHHK Bigainy qunaktuku A1 «Decroy, Ykpaina

JUPEKTOP TOB «HaykoBo-BupoOHHUOTO MiNpHEMCTBA

«YKPIHTEX»», Ykpaina.

M&MS 2023, 19-20 October, Kharkiv, UKRAINE



Camen Imamai orsm
KOcidos

®apin 'axxi orum

Araes

BikTop BacuiaboBuu
Kocenko

Boaoaumup
BikTopoBuu
Ko3upcbkuit

Biraaiit [Inaunosuy

JInceHko

IOpiii ®panueBny
3iHbKOBCHKHIi

Boaoaumup
MutpopanoBuyu

(@3:37111

Birauiii €BrenoBuyu
OBuapeHko

Jlapuca CepriiBHa
I'100a

AHaToJii
OuJiexcanapoBuy
AnJpyceBnyY

Poman
BonoaumupoBuy
Apriox

KaH[uJaT  TeXHIYHUX  HAyK, JIOLEHT, JeKkaH  (akynbTery
iHQopMaIifHUX TEeXHOJIOTiIH Ta ympaBiiHHA, AsepOailvkaHChKuMit
JiepKaBHUI yHiBepcuTeT HaQ)TH 1 IPOMUCIOBOCTI, A3epOaiimKaH.

KaHIMJAT TeXHIYHUX HayK, JOLEHT, 3aBilyBay Kadeapu ymnpapiiHHS
Ta  CUCTEMHOI  imweHepil, AsepOal/pKaHCbKUH  JepKaBHUN
yHiBepcuTeT HaQTH 1 mpOMKCIOBOCTI, A3epOaiiKaH.

JIOKTOp ~ TeXHIYHMX HayK, JOIEHT, JaUpeKkTop Jlep:kaBHOTO
niAnpueMcTBa  «XapKiBCbKOTO  HAYKOBO-JOCHIIHOTO  iHCTHUTYTY
TEXHOJIOTIT MAaIIMHOOYAyBaHH», YKpaiHa.

JOKTOp TEXHIYHHX Hayk, mnpodecop, aupekrop HapuanbHo-
HayYKOBOI'O IHCTUTYTY CHEPIeTUKH, aBTOMATUKU Ta
eHeprozOepexxeHHs, HarionaneHuii  yHiBepcuTeT OiopecypciB i
[IPUPOJOKOPUCTYBaHHS YKpainyu, YKpaina.

JIOKTOP TEeXHIYHUX HayK, npodecop, 3aBiayBay Kadeapu aBTOMATUKU
Ta pOOOTOTEXHIYHMX cHCTeM iM. axajg. LI MapTuHeHka,
Hauionanpuuii yniBepcuter OiopecypciB 1 NPUPOIOKOPUCTYBAHHS
Vkpainu, Ykpaina.

JIOKTOP TEXHIYHUX Hayk, mpodecop kadenpu pagioKOHCTPYIOBaHHS i
BUPOOHHUITBA  pajioanapaTypH, HarmionansHuii TeXHIYHUH
yHiBepcuteT YKpaiHun «KWiBCBKMI TOJTEXHIYHMH IHCTHUTYT IMEHI
Irops Cikopcbkoro», Ykpaina.

JIOKTOP TEXHIYHUX HAyK, Mpodecop, pagHuK aupekropa Jlep:xaBHOro
HayKoOBO-BUpoOHHMuYOro mixnpuemcra «O0'eqnanns KomyHapy,
Vkpaina.

JOKTOp TeXHIYHUX HayK, Npodecop, 3acTyMHUK IHUPEKTopa 3
HaykoBoi poOotu [lepxaBHoro mianpuemcTsa «HaykoBo-gocnigHuit
TEXHOJIOTIYHUIT IHCTUTYT NpUIanoOy yBaHHs», YKpaiHa.

JMOKTOp  TeXHIUHMX Hayk, mpodecop, 3aBimyBau kadeapu
iH(pOpPMALIIHO-KOMYHIKAL[THHUX MEPEK, Incruryt
TENeKOMYHIKaIIHHIX CHCTEM Haunionansnoro TEXHIYHOTO

yuiBepcurery Ykpainu «KuiBCbkuil MOJITCXHIYHMHA IHCTUTYT IMEHI
Irops Cikopcskoro», Ykpaina.

JIOKTOp TEXHIYHMX HayK, mnpodecop, HadalbHUK KpHBOpPI3BKOTO
KoJiepky HallioHasibHOTO aBialiiHOIo YHiBepcuTeTy, YKpaiHa.

KaHIUJAT TEXHIYHNX HayK, JUpPEKTop Jlep’kaBHOTO MiIpHEMTBA
«[liBneHHUH nEpKaBHUM  IPOEKTHO-KOHCTPYKTOPCHKHH IHCTHTYT
aBialiifHOT MPOMUCIIOBOCTI», YKpaiHa.
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Glen Kurtwitz
Liu Shan

Boaoaumup
Amnapiiiouy Iapanm

Cepriii IBanoBH4
Ocangumii

AHaTouTiii
AdanaciiioBuu
€pdimenko

Amnaroaniii IlerpoBuy
Jlapaniox

Boaogumup
MuxaiijioBu4
Pemeriok

7
renepanbHuil Menemxep Titan Machinery Limited, [llotnannais.
renepanbuuil Menemxep Titan Machinery Limited, Kuraii.

KaHIWJAT TEXHIYHUX HayK, mnpodecop, TMepuHii MPOPeKTop
HauionansHoro yHiBepcutery «JIbBIBChKa MOJIITEXHIKa», YKpaiHa

IOKTOp  TeXHIYHMX Hayk, mpodecop, 3aBimyBau kadenpu
aBTOMaTH3anii BUpOOHMYMX mpoueciB, lleHTpanbHOYKpaiHCBKHit
HauioHaIbHUK TexHiyHuil ynisepcurer, M. Kponusnuupkuii, Ykpaina.

JIIOKTOp  TEXHIYHMX Hayk, mnpodecop, 3aBimyBau kadeapu
CJIEKTPOHHMX 3ac00iB Ta iHGOPMAIIHHO-KOMIT IOTEPHIX TEXHOJIOTIH,
OnecbKuii HaLIOHAJILHUI [TOJIITEXHIYHUNA YHIBEPCUTET, YKpaiHa

JIOKTOp ~ TeXHIYHHUX Hayk, mpodecop,
aBTOMAaTH3allii Ta IHTENEKTyallbHUX  CHCTEM,
YHIBEPCHUTET XapuOBHX TEXHOJIOriH, YKpaiHa.

3aBinyBau  kadenpu
HarionanpHui

KaHAWJAT TEXHIYHUX HAyK, JOLEHT KadeIpd aBTOMATUKU Ta
poOoTOTeXHIYHUX cucTeM iM. akai. [.I. MaprtuHenka, HauioHanbHHA
yHiBepcuTeT OiopecypCiB 1 NPUPOIOKOPHCTYBaHHS — YKpaiHw,
VYkpaina.

OPTAHIBALIIMHUM KOMITET KOH®EPEHIIII

Ouekcanap
Muxaiisosny Humo6an

Cepriii [1aBsioBUY
HosocesioB

€Bren AHaToIiiioBHY
PaszymoB-®pusiok

Harauin INaBaiBua

Jemcbka

3aCTYIHHUK I0JOBU KOH(epeHLii 3 opraHi3aliiHuX IHTaHb, JOKTOP
TEXHIYHUX HAyK, MPOoecop KOMIM'IOTEPHO-IHTETPOBAHUX TEXHOJIOT M,
apromaruzauii ta  podororexuiku (KITAP), XapkiBcbkuii
HalllOHAJIbHUN YHIBEPCUTET PaioclICKTPOHIKH, YKpaiHa.

KaHJIMJIaT TEXHIYHWX HayK, JOLEHT, mnpodecop Kadeapu
KOMIT'IOTEPHO-IHTETPOBAHUX  TEXHOJOTi,  aBromMaru3amii  Ta
po6ororextiku (KITAP), XapkiBcbkuii HalliOHaJbHUI YHIBEpCHTET
pagioeneKkTpoHiky, YkpaiHa.

KaH/UIAT TeXHIYHMX HAYK, IOLEHT, JOLEHT Kadenapu KOMIT'IOTepHO-
IHTErpOBAaHUX TEXHOJIOrIH, aBToMaru3auii Ta POOOTOTEXHIKU
(KITAP), XapkiBChbKuUit HalllOHAIbHUN YHIBEPCUTET
paaioesIeKTPOHIKM, YKpaiHa.

KaHJMJAT TCXHIYHUX HayK, JOLCHT, JJOLCHT KaeIpu KOMIIFOTCPHO-
IHTETPOBAHMX TEXHOJOTiH, aBTOMaTm3amii Ta POOGOTOTEXHIKH
(KITAP), XapkiBcbKui HaL[iOHAJILHUA YHIBEPCUTET
paznioeNneKTpoHiku, YKpaina.
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3MICT

Viladyslav Yevsieiev

Modeling of the BEAM robot control systemon the basis of a microcircuit
15,15 1 O —————

Medovkin Mykhailo, Puhach Hanna

The development of a cryptographically secure pseudorandom number
GOMCTATOT « wisvaisis suruvavarasvisons asacasasn 698080876007818581878 878000 578 R0 8086 4R 50 T S TR T8 00 300 800
Svetlana Sotnik, Anton Andreiev

OR codes T PIOAUGTION o unomnitisiesmiiiasa e s s s m e s e

Cogisn Xpycmanvosa, Ceimaana Buweariox

Po3pobiieHHst cTpyKTypHOI cxeMu MOAyJs aBromarusanii Ha 6a3i RFID —
L ————
Braoucnas 3aixin

MopemoBanus  nmomyky — BUOYXOHEOE3NEYHHMX TPEAMETIB  METOA0M
€JIEKTPOMArHITHOT CLIEKTPOCKOTIT T PAMIOTOKAIIIT «..vvveeeeenienienaanaensns,
Karetyna Stetsenko

BEAM Robotics: Combining Biological Principles and Technological
Solutions for More Adaptive and Energy-Efficient Robots ....................
Svitlana Maksymova, Mykhailo Akopov

Selection of Sensors for Building a 3D Model of the Mobile Robot's
EOVITOMIICIR e vnnmumssomnnm v s m st e sy sy s s s v s e Sy SR S o A ans
Cepeiti Hosocenos, €2op Bonkos

3aBraHHs aBTOMATHYHOTO KEpyBaHHS pPyXoM MOOUIBHOI TuiarpopMu 3
3aCTOCYBAHHSIM 3aKOHIB ABTOMATHKH ...c.euvunenintnnenenenennenenenennnaanenens
Cepeiit Hosocenos, lzop Iaoxos

CyuacHH TPOMUCIIOBUHN IHTEpHET pedeld Ta XMapHi TEXHOJIOTI ..............

JImumpo I'ypin
Bupimiennss 3amadi  3BOPOTHOI KiHEMaTWKH JUIS PYXJIMBHX KiHIIBOK
POOOTEXHIUHOT TTATHOPMHU . ..eeeereeteneeneeneeneeneeeeeeranaeaneaneeneannanaans
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Maxcum Jlyzan, [Imumpo Huywkesuu

AHaITI3 METOIB JUCTAHI[IHHOIO 3HEIIKOIKEHHS .. .uunnnneeeeeeaneeeaenens

Muxaiino Kosanvos, lIsanos Jleonio

Croco0u ynmoCcKOHaJIEHHsS] YaCTOTHOTO IEPETBOpIOBaYa HAIPYTH U1 OJIOKY
YIPaBIIHHS €1EKTPUYHUM TPAHCIIOPTHUM 3aC000M ....ovvnrrininenenennennn
Csimnana Maxcumosa, I'eopeiti bopucos

Po3poOka mporpamu Ui NMOUIyKy ¥ MOOYIOBH ONTHUMAJIBHOTO MapuIpyTy
MOOLTBHOTO pOOOTa Y IBOBUMIPHOMY ITPOCTOPT +vvvneneeneenenneneennananns
Csimaana Maxcumosa, Kanaee Braoucaaes

Po3poOka mifgcucTeMu KepyBaHHS MOOUIBHOrO poOOTYy IjIsl OpieHTauii B
BHDOOERIONMY TIPOSI. o i sxennns wisma 50 smm s S i iawis e m s
Onena Yana, Anamoniii Cauexa

PiBni 3aco6iB 1IoT B [ndopmaniiiHux TEXHOMOTIAX .. .ouvnvinnininninininnn,

Yana O., Jlon /1.

Po3pobiieHns eneMeHTIiB 00Ky oOnagHanus iHGopManiiaux ERP-cuctem

bpounixos A.1., Yepruwios /].1.

MopepHizamiss ~ MOAylsi  KepyBaHHS ~ PO3CYBHUMH  KOHCTPYKIISIMH
BUPOOHUYOTO IPUMIIIEHHS 3 BUKOpUCTAHHAM [oT ...,
bpounikos A.1., Huwema B.€.

Po3poGniennst cucTemMH IHTEIEKTYyalbHOTO KEpyBaHHS KOHAMI[IOHYBAaHHSIM
BUPOOHUYOr0 MPUMIIIEHHS 3 BUKOpUCTaHHAM TexHomuorii IoT .................
3anopizvkuii Banenmun, Inaxmii Onexcanop

AHaJi3 MOTOYHOTO CTaHy PO3BUTKY KOJIAOOPATUBHUX POOOTIB ......vu..n....

Onez I'ypmosuii

Bukopucranus aBTOMaTM30BaHOrO BUNPOOYBaJbHOrO OONagHAHHA B
CUCTEMI KOHTPOJIIO SKOCTI MPOAYKIIIi paiioeIeKTPOHHOT TPOMHCIIOBOCTI .. ..
JImumpo Jlobanos, Jleonio Ilsanos

CmocoOu  yIOCKOHAJieHHS  MOOYIA  aBTOMAaTHYHOTO  YIIPABIiHHS
MIEPETBOPIOBAYA HAMIPYTH OJIOKY JKHBIICHHS IEKTPOPOOOKAPA ..'v'vevene.
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10

Inna Jlucenko, Jleonio leanos

HeoOxinHICTh OXONIOKEHHSI aKyMYISTOPHUX Oarapeil aBTOHOMHOTO X0y
€JIEKTPUYHOTO TPAHCIIOPTY Ha MpuKIIazi Tponeiidoyca PTS-12 .................
Peovko Jlenuc, [Imumpo Anywikesuu

AHaniz KOHCTPYKLIi MaHIMyIsSTOpiB pOOOTEXHIYHUX TMPUCTPOIB IS
MIePEMIIICHHS BUOYXOHEOC3METHUX TIPEAMETIB «.ueuneneeneneneneaeaaanenannn
JImumpo Anywrxesuy, Jleonio Isanos, leop Tonkynos

KommuiekcHuii miaxix A0 3acTOCyBaHHS POOOTOTEXHIYHMX KOMIUIEKCIB Yy
c(hepl TyMaHITAPHOTO POIMIHYBAHHS . .uuvnrenrennanneeneeneeaneaneaneannenaans
Viacheslav Korotkov, Igor Nevliudov, Yurii Romashov

General Approaches to Design Improved Angular Velocity PID Controllers
o Automated Bleeteien] IIIVEs oo o onmmus sonsmss summos s sose s ik 0 s
Oleksandr Narozhnyi, Yurii Romashov

Technical State Estimation for Electromechanical Wheeled Platforms with
Parametric Identification Using ...........cooeiiiiiiiiiiiiiiiiiiiiieieen,
Hamanisa [lemcora, FOpiti Pomawos, Apmem lllesuenko

Po3poOka miaxoniB 1040 BUKOPUCTAHHS KOMIT'IOTEPHMX TEXHOJIOTIH s
IMITalIfHOTO MOJIC/TIOBAHHS IPOMHCIIOBOTO €IEKTPOHPUBOIY ..v'vvnvennenenn.
1. B. XKapikosa

ABTOMAaTHYHHMI NPUCTPIA Ay 300py BTOPUHHOI Tapu 3 ajIOMiHIIO Ta
TTOJICTHIICHTEPEMTATIATY .. vvenveenteeenneeneeenteenseenneeeneenneeeneeeneeenneennes
Hoponin Ilasno, Jleonio leanos

KonTpons yxnaganus akymynasTopHux Oarapeil aBTOHOMHOTO XOMy st
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Abstract: The general approaches are developed in this
research to design angular velocity PID controllers for electrical
drives of different types and purposes. It is built the simplified
mathematical model for the automated electrical drive with the
angular velocity PID controller, and it is shown that, stability
conditions obtained by using the Routh's criteria give to the
infinite set for this controller's permissible parameters, and to
develop such controllers, it is proposed additionally to provide
the wished characteristics of the frequency functions for these
automated electrical drives. Application of the proposed general
approaches is illustrated on the example of the linear systems
representing the wide class of the industrial automated electrical
drives.

Keywords: PID-controller; angular velocity; electrical drives.

L. Introduction

Improvement of automation control systems is one
effective way to have the more perfect automated
electrical drives for different purposes. From this point of
view, it is really important to have suitable general
approaches allow providing the improve design for PID
controllers, because exactly such kinds of controllers are
the principal elements used to provide automation for
different purposes electrical drives at present. Due to
these circumstances, we have a lot of researches like [1-
3] for example about improvement of the PID controllers
for different kinds of automated electrical drives.

Development of the PID controller for the automated
electrical drives is based usually on the mathematical
models, represented by means the ordinary differential
equations and the Lyapunov's method of characteristic
parameters. It is obviously, that such approach leads to
the infinite set of the possible PID controller's parameters
providing the stability state of the researched electrical
drive, so that the parameters of the improved PID
controllers must be chosen from this set by using the
suitable choosing procedures in agreement with the using
area and purposed of the researched electrical drive, as
well as in agreement with the wished kind of
improvements required for the designed PID controller.
Of course, the view of the mathematical model used to
represent the researched electrical drive with a PID
controller has the significant influence on the results of
the PID controller design, so it is necessary also to have
the suitable approaches to build the appropriate
mathematical models allowing to represent the automated
electrical drives as the automation objects, like it was
discussed in the research [4] for example to provide the
measurements.

The principal purpose of this research is in
development of the appropriate general approaches
allowing to design the angular velocity PID controllers
for the automated electrical drives, so that to have the
wished exploitation improvements of such drives. So, this
research will cover actually all the principal stages of
designing processes for the improved PID controllers of
the automated electrical drives from building the
appropriate mathematical models to developing the
suitable procedures to define the PID controllers'
parameters  providing the wished exploitation
improvements.

I1. Theoretical backgrounds

The conventional approach to define the PID
controller's parameters is based on using the
mathematical model of the considering automated object
represented by means the ordinary differential equations,
so one of really principal problem is in developing the
suitable approach to build such mathematical models for
the electrical drives. It is really understandable, that they
are a lot of different kinds of the electrical drives, so it is
impossible to cover all these kinds by means someone
mathematical model. Taking into account this
circumstance, we will concentrate further the principal
consideration on the general approaches allowing to build
the mathematical models for the electrical drives, but
only as the automation objects independently from their
particularities.

The principal property of the automation objects
differencing them from others kinds of systems is in
inherent presence of the controlled parameters, which can
be changed by means the controls. In the case the
electrical drives which must provide the exactly given
wished angular velocity during the operation the
controlled parameter is naturally the angular velocity, but
the control is the electrical voltage supplied to the electric
motor. Of course, the angular velocity and the supplied
voltage can be changed during the time, so for any kind
of the electrical drive considered as the automation object
we will have

o=o(t), u=u(t), (1)
where ® is the angular velocity; u is the supplied
voltage; ¢ is the time.

Taking into account the relation (1), the mathematical
model representing the electrical drive as the automation
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object must give the correspondence between the control
and the controlled parameter. This correspondence is
usually defined by means some ordinary differential
equation with the necessary initial conditions, and it is
suitable to have this equation linear like the following:

d"® d""'o do
a"-dt—"+a"_17";1——+ ta "[IT‘FGU(X):bOLl(f) ,(2)
do d"'® o
(D(to ) =0, I(l‘( ) = w{)”""’F(tﬂ) = (Df, ”,(3)

where n is the order of the differential equation; a

a,,, ..., a,, b, are the parameters of the mathematical
model; £,

(1) (n-1)
[ AP (V)N

is some given time moment; , and

are the given angular velocity and their
derivatives at the initial time moment # =¢,.
Further, to choose the parameters of the angular

velocity PID controller it is suitable to represent the
angular velocity (1) in the following view:

o(t)=0+x(1).4)
where ®=const is the given wished angular velocity,
but x(z) is the deviation of the wished angular velocity

of the electrical drive.

Let substitute the relation (4) to the differential
equation (2) of the mathematical model representing the
electrical drive as thew automation object, and as the
results of this we will have:

d"x d"'x
a,—+a
"dt”
Further, we will represent the control from (1) as
corrected by the angular velocity PID controller in the
view:

i F+...+a,%+a(,((§)+x) =byu(t).(5)

u(t)=a—k,,x—k,jxdz—k0% (6)

where # = const — is the given control corresponded to
the wished value &= const of the angular velocity of the
electrical drive; &, , k, and k, are the parameters of the
PID controller.
Due to the PID controller definition (6), the differential
equation (5) will be transformed as the following:
d’x A5y

a, _dt" +a,, _d[" 1 o

dx 4 «
o+ (a +byk, )E +(ay +byk, ) x +byk, [ xdt = byii —a,é.
(7

To represent the relation (7) in the more suitable view, it
is necessary to introduce the new variable:
dx
x=—, X(1,)=0,8)
dt (1)

where % =%(r) is the introduced new variable.

Exactly the introduced new variable (8) allows us to
represent the relation (7) in the more suitable view of the
ordinary differential equation:
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d!H»]x d".:\:
a,— ta, ,—+...
dt dt
d’s dx " " A
. +(a, +bol<[,)?+(a0 +b0k,,)E+b0k,x = byl — a,0.(

9)

The obtained relation (9) gives us the possibility to find
the control & = const corresponded to the wished value
® = const of the angular velocity:

byii—ad=0 = =224 (10)
0
Taking into account the control (10), the differential
equation (9), as well as the required initial conditions
defined by the relations (3), (4) and (8), we can represent
the mathematical model of the automated electrical drive
with the angular velocity PID controller in the following
final view:
d"'s d"x
a,——+a, ,—+...
n dtm\l n-1 dtu

2~

o+ (q +b0ko)%+(ao +b0k,,)%+h0k,)? =0,(11)

>

» dx . dx d"'% o~
t=t,=>x= O’Z =, —0O,— =wf,",..., = = u)E, 2
From the mathematical model (11), (12) we can see, that

the angular velocity deviation x(¢) is due to only the

disturbed initial conditions. It is in fully agreement with
the ideas of the Lyapunov's stability theory, so the
realized approach is actually only the equivalent to those
theory. Thus, the parameters of the angular velocity PID
controller of the automated electrical drive must provide
the stability of the characteristic polynomial:

f(z)=a,z"" +a,_z"+...

n-1

ot (a, +bok, ) 2% +(a, +byk, )z + bk, =0.(13)
We have a lot of different well-known criteria allowing
us to formulate the system of inequations for the values
a,, a, ., ..., a,, b, aswell as k,, k, and k, providing
the stability property of the polynomial (13). Using all
these well-known criteria is actually the typical task, and
it will not be discussed here. At the same time, it is
necessary to note, that as the result of using these criteria,
we will have the correspondent inequalities for the %, ,
k, and k, values of the PID controller parameters for
the a,, a,_,, ..., a,, b, values of the parameters of the
electrical drive mathematical model as the automation
object. Of course, these inequalities will define the
infinite set of the k,, k, and k, values, and to choose
those values, it can be recommended in additional to
provide the wished values of the frequency functions
characteristics of the automated electrical drive through
their mathematical model (11), (12). Because of the such
way designed PID controllers will provide additionally
the wished characteristics of the frequency functions, we
can consider such PID controllers as the improved. Using
of the frequency characteristics is well-known, so it will
not be discussed here, but it is reasonable to note, that it
will be suitable to do it the transfer function of the
automated electrical drive represented in the view:
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N

W o
(5) +o+(a +byky )s® +(ay +bok, ) s+ bk,

n+l

a,s

Thus, having the parameters n and a,, a, , ..., a,, b,

of the mathematical model of the automated electrical
drive, we can define the angular velocity PID controller
parameters k,, k, and k, through the stability

conditions of the polynomial (13) and the wished
characteristics of the frequency functions corresponded to
the system with the transfer function (14). Due to these
circumstances, we can see, that the principal problem to
design the improved angular velocity PID controller is in
building of the differential equation (2) of the suitable
mathematical model of the electrical drive as the
automation object. Because of they are a lot of different
kinds of the electrical drives, it is really impossible in
general case to give the universal approach allowing to
have the parameters n and «,, a,,, ..., a,, b, of the
mathematical model (2) in the direct view of some
analytical relations. At the same time, it is possible, and
we will give the approach allowing top find the
parameters n and a,, a,,, ..., a,, b, of the

mathematical model (2) in the implicate view through the
intermediate ordinary differential equations, so that this
approach will be really uniform for the different kinds of
the electric drives.

To have the really general approach, we will consider
further only the principal properties inherent for different
kinds of the electrical drives. The principal property
inherent for any kinds of the electrical drives is the
presence of the electric motor as the source of the
rotational couple having the electromagnetic nature and

depending on the supplied voltage u :u(t) considered

n?

as the control of the electrical drive in the mathematical
model (2) of the electrical drive as the automation object.
The different kinds of the electrical drives due to the
possible different kinds of the used electrical motors at
least. This rotational couple actually moves the necessary
parts of the useful system through the transmission of the
electric drive, and different kinds of electric drives are
due to the different kinds of transmissions also. We can
have the electrical drives with the mechanical, electrical,
hydraulic, pneumatic transmissions or with the different
mixed types including both mechanical and both
hydraulic parts for example. Thus, the electrical drive can
be the electromechanical system, the electro-hydro-
mechanical or other systems in dependence of the
inherent design and the kind. At the same time, the
electrical and mechanical parts are presented in any kinds
of the electrical drives, so that the electrical drive is the
electromechanical system at least in any case, and it is
principally important for us, because we want to have the
general approaches of mathematical modelling suitable
for any kinds of the electrical drives. Form one side, the
mechanical parts of the electrical drives can be usually
represented as the holonomic mechanical systems. From
other side, they are well-known the electromechanical
analogies allowing to consider the electrical parts of the
electric drives similarly to their mechanical parts. Due to
these circumstances, we can have the really generalized
representations of the mathematical models of the
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. (14)

electrical drives by means the Lagrange's equations of 2-
nd kind:

d OL OL OR ; :
O, (t’ql"'"qn’ql""’qn’u)’(IS)

dt 0g,  Oqy o4,
_ ) . _ (0

4 (t)=a"s 4 () =", (16)
where n is number of freedom degrees, and
k=12,...n; g, and ¢, are the generalized coordinated;
L is the Lagrange's function (kinetic potential); R is the
Raleigh's dissipation function; O, are the generalized
forces, representing all the forces, which are not potential
and are not dissipative; 7, is the given time moment; ¢\”
and qE,O) are the gives values of the generalized

coordinates and velocities at the time moment 7 =1¢,.

It is necessary to note that the mathematical model
(15), (16) actually represents the processes in the
electrical drives as in any electromechanical system, but
it not represents the electric drives as the automation
objects. To represent the electrical drives exactly as the
automation objects it is necessary to use the clear
understood circumstance, that the controlled angular
velocity @=(¢) from the relations (1) is defined by the

processes in the electrical drive, so we have naturally the
following relation:

0= 0(gps 41554, ) s (17)
where (o(ql,‘..,q,,,ql,‘..,c]") is some given function

defining actually the researched electrical drive exactly as
the automation object.
Because of both of the generalized coordinates ¢, and

both of the generalized velocities ¢, are depended on the

time ¢, so the controlled angular velocity (17) will be
depended on the time too, like it was in the relation (1).
Thus, the ordinary differential equations (15) with the
initial conditions (16) and the relation (17) allow
representing in the implicit view the mathematical model
(2), (3) of the electrical drive as the automation object. Of
course, the relations (15)—(17) cannot give us the values
of the parameters » and «,, a,,, ..., a,, b, of the
differential equations (2) in general case. At the same
time, it will be possible to have these parameters in the
analytical view for some particular cases, but to have
them in a general case we can recommend to use the
identification procedures based on the results of computer
simulations of the processes in the researched electrical
drive by means the mathematical model (15)—(17). We
will not discuss the identification procedures, because
they are the traditionally separate knowledges area. So,
the generalized approaches are proposed to represent the
mathematical models of the electrical drives as the
automation objects on the basis of the electromechanical
analogies, of the Lagrange's equations of 2-nd kind, and
of the id

entification procedures.

I1I. Example of application
To illustrate the proposed approaches, we will use the
relatively simple ample allowing to exclude the necessity
in using the identification procedures, so that we will
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have the particular view (2), (3) of the mathematical
model of the electrical drive in the direct view. To do it,
we will use the simplest schematisation of the processes
in the electrical drives as the electromechanical systems.

As it was discussed above, any electrical drive has the
electric motor, so the state of the electrical drive must be
defined by two generalized coordinates at least:

9=9., 0, =[1dt, (18)
where @, is the rotation angle of the rotor of the electric

motor; /, is the electric current in the winding of the

rotor of the electric motor.
It is necessary to note, that the generalised coordinate

g, has the mechanical nature, but the generalized
coordinate ¢, is the eclectric charge, so it has the
electrical nature. The different natures of the generalised
coordinates is inherent for the electromechanical systems
represented by the Lagrange's equations of 2-nd kind. Of
course, that in some cases it will be required to use more
than one generalised coordinate ¢, to represent the
mechanical parts and to use more than one generalized
coordinate ¢, to represent the electrical parts of the
electrical drives, but it is obviously, that the simplest case
is corresponded to the two generalized coordinates (18).

The electromechanical analogies allow us to see the
equivalent between the inertia and the inductance through
the kinetical energy, between the rigidness and the
capacity through the potential energy, between the
viscous damping and the resistance through the Raleigh's
dissipation function. So, the values required to be
substituted to the Lagrange's equations of 2-nd kind for
the simplest representation of the electrical drive with the
generalized coordinates (18) will have the following
view:

t=Lyp+lre, r=lpiilrg

> 9 2 42> 2 9 2 42>
0 =8.4,, O, =-B,q,+u, (19)
where J and B are the moment of inertia and the
viscous damping parameter of the mechanical parts of the
electrical, drive defined relatively the rotation axis of the
electric motor rotor; L, and R, are the inductance and
the resistance of the winding of the rotor of the electrical
motor; B, is the electromechanical characteristic of the

electric motor.

Substituting the relations (19) to the Lagrange's
equations of 2-nd kind, we will have the following
differential equations and the following required initial
conditions:

J§y ==B4, + B4y, LG, =—B.4,—R.q, +u ,(20)

()= o\.4, (%)= o.q, (tn)= K (%)= I o)
where ¢!” and ®!” are the given values of the rotation

angle and of the angular velocity of the rotor, but K((,O)

and IL(,O) are the given values of the electric charge and
the electric current in the winding of the rotor of the rotor
of the electric motor of the electrical drive at the given
initial time moment # =7,
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In the form (20), (21) we have the mathematical model
representing the processes in the electrical drives under
the simplest schematization. To have the mathematical
model of the electrical drive as the automated object we
must complement the model (20), (21) by the relation
(17), which in this simplest case can naturally have the
following particular view:

w=g. (22)
Actually, the set of relations (20)-(22) gives the indirect
form of the mathematical model (2), (3) representing the
electrical drive as the automation object. Of course, that
in the common case only the identification procedure will
allow build the differential equation (2), but in the
simplest particular case (20)—(22) it is possible to have
the particular view of the differential equation (2) in the
direct view. To do it, firstly, we will take into account the
relation (22) to represent first equation (20) in the
following view:

J B
Jo=-Bo+Bq¢, = ¢ =—0+—m».(23
4 = =gty (23)
Using the obtained relation (23), we will exclude further
the generalized coordinate ¢, from second differential

equation  (20), and after the correspondent
transformations we will have the final result:

Ly oo  LBHRRT ,

— JH+———0+

e e

R

B, +—eB]o)=u (24)
B?

It is obviously, that the differential equation (24) is

actually the particular case of the generalized differential

equation with the following parameters:

_LB+RJ

L R
n=2,a, =B%J,aI - ,a, =B, +FEB,b(, =1.2

5)
Due to the results (25), we will can have the particular
view of the characteristic polynomial (13) required to
formulate the stability conditions to find the parameters
of the angular velocity PID controller:

f(2)=az" +(a,+ky) 2 +(a, +k, )z +k, .(26)
Let use the well-known Routh's criteria to formulate the
stability conditions for the polynomial (26). In agreement
with the Routh's criteria, we must build the following
Routh's scheme:

a, a, +kp
a, +k, k, (27)
(a, +kD)(a0 +k,,)—a2k,
a;+ky

Because of the physical sense of the parameters (25), we
have the inequations:

a,>0, a+k,>0. (28)
Taking into account the relations (28) and the Routh's
scheme (27), the Routh's criteria will lead to the
following condition of the polynomial (26) stability:

(a,+k,)(a, +k,)—ak, >0 (29)
The inequality (29) gives us the opportunity to find the
values of the parameters for the angular velocity PID
controller of the electrical drive for the simplest
schematization of the processes. We can see, that due to
the inequality (29), we will have the infinite set of the
permissible parameters for the angular velocity PID
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controller, but we must choose only one values from this
set. Thus, we must propose the way to choose the
parameters of the angular velocity PID controller from
the infinite permissible values set defining by the
inequality (29). To propose this way, it is necessary to
formulate the additional conditions, which must be
satisfied due to choosing the PID controller parameters. It
is naturally to formulate these additional conditions to
provide some wished properties of the electrical drive as
the automated system. As was discussed above, it is
naturally to consider as the improved all PID controllers
providing some specifical additional properties of the
automated systems. It is understandable, that it is actually
impossible to imagine all possible additional properties
wished for the automated electrical drives and required to
find the angular velocity PID controller parameters. At
the same time, the natural way to formulate these
additional properties can be through the frequency
functions of the automated electrical drive, and it is
necessary to use the transfer function to do it, as was
noted above. In this particular case corresponding to the
simplest schematization of the electrical drive, the
general view (14) of the transfer function due to the
relations (25) will have the particular view:
s

i) a,s*+(a, +ky)s” +(a, +ky )s+k,
They are well-known the approaches allowing to consider
the frequency functions for the automated electrical
drives with the transfer functions (30), so we will not
discuss all it here, because it is not principal from the
point of view on the general purpose of this research. In
addition to this, it is necessary to note, that the principal
results of this research are about the general approaches
to build the mathematical models of the electrical drives
as the automation objects, as it is required to design the
improved angular velocity PID controllers.

.(30)

IV. Conclusions

This research presents the results noticeable to have
further the general approaches to design improved
angular velocity PID controllers for the electrical drives.
Thus, the presented hire results allow us to formulate the
following principal conclusions.

Designment of improved angular velocity PID
controllers for the electrical drives are principally based
on mathematical modelling of the correspondent
electrical drives as the automation objects. This
mathematical modelling must provide giving the relation
between the supplied electrical voltage of the electric
motor and the controlled angular velocity of the
researched electrical drive. The ordinary differential
equation with the necessary initial conditions is the most
suitable view to represent the mathematical model of the
electrical drives as the automation objects, because it will
give the opportunities to take into account influencing of
the angular velocity PID controller, and it will to
formulate the condition for this PID controller parameters
priding the stability of the angular velocity value. These
stability conditions will define actually the infinite set of
the values of the parameters of the PID controller
providing the stability of the angular velocity value for
the electrical drives. To define the parameters of the
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angular velocity PID controllers, the stability conditions
must be complemented by the additional conditions, and
the most general ways to formulate these additional
conditions are through using the frequency functions of
the electrical drive. Actually, due to satisfy not only the
stability conditions, but exactly the additional conditions
too, the corresponded developed PID controller can be
considered as improved.

To have the mathematical model representing the
electrical drive as the automation object, it is necessary to
understand that the relation between the controlled
angular velocity and the supplied electrical voltage
actually is the results of the processes in this electrical
drive. To have the general understanding about the
processes in the eclectrical drives, it is necessary to
consider that, the electrical drives principally include in
any case both the mechanical and both the electrical
parts. Due to this circumstance, the general way for
mathematical modelling of the processes in the electrical
drives is in using the electromechanical analogies and the
Lagrange's equations of 2-nd kind, because it gives the
opportunities to represent the mathematical model for
wide class of the electromechanical systems. It is shown,
that the mathematical model of the electrical drive as the
automation object can be presented in the implicit form
through the mathematical model of the processes inherent
for the electrical drive as the electromechanical system
with the complementary relation defining the controlled
angular velocity through the generalized coordinates of
the electrical drive as the electromechanical system. The
direct form of the mathematical model of the electrical
drive as the automation in general case object can be
obtained only through the identification procedure on the
basis of the results of the computer simulations of the
researched electrical drive.

The considered particular example based on the
simplest schematization of the processes in the electrical
drive shows, that the mathematical model of the electrical
drives as the automation objects must be represented by
at least third order differential equation, so the more
complicated mathematical model will lead to the higher
ordered differential equation. The stability condition
limiting the parameters of the angular velocity PID
controller for the electrical drives under the simplest
schematization has the view of one inequality defining
the infinite set of the permissible values of these
parameters.

The following researches are planned in the direction
of considering the different additional conditions
providing the wished characteristics of the frequency
functions for the automated electrical drives, as well as in
the direction of considering of the more complicated
schematizations of the automated electrical drives though
taking into account the deformations of the mechanical
parts.
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