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MNpencraBeHnte TpygoBe BkmoyBaT 49 HaydyHu nybnukaumm u3BbH  Te3nm Mo
AncepTaumoHHns Tpya n 1 y4ebHUK B CbaBTOPCTBO.

Cw3papeHa e nabopatopHa 6a3a 3a m3cneaBaHe €NEKTPOXMAPaBNVMYHW 3aBMKBALLN
CMCTEMU 3a KOPMWUNHM ypeabu Ha MobunHu mawuHu. [onsma 4vact oT nybnukaumuTe
oTpassBaT paboTtaTa Ha kaHauaaTa no 9 Hay4yHO-U3crnegoBaTernicku orosopa (2 Nnoa HeroBo
PBbKOBOACTBO) U pa3paboTBaHETO Ha pas3nuyHu nabopaTtopHU CTEHAOBE U YCTaHOBKU, KOUTO
ca BHegpeHu B y4ebHuMsa npouec.

N3cnepoBaTenckata AeNHOCT UMa Hay4YHO—MPUIOXEH N NPUNOXEH xapakTep. Ta obxealua
obnacTtute Ha aHanus, CUHME3 U eKcrepuMeHmarsHo uscriedeaHe Ha ef1eKmpoxudpasnuyHu
cucmemu 3a 3adeuxeaHe U  ynpaeneHue,  CUMYyNauyuoHHO  u3scriedeaHe  Ha
enekmpoxudpasudyHu ycmpolicmea u cucmemu 3a 3adsuxeaHe C yugposo yrnpasseHue,
modesniupaHe U udeHmudbukayuss Ha enekmpoxudpasnuyHu 3adsuxeawu cucmemu,
paspabomka Ha KracuyecKku U CIIOXKHU aneopummu 3a yrnpaeneHue 4pe3 rpospamupyemu
nnamgopmu, npoekmupaHe U  peanu3auyuss Ha JslabopamopHu  cmeHOoee  3a
eKcrepuMeHmarHo u3criedgaHe Ha ef1ekmpoxudpasIuyHU KOpMUHU ypedbu ¢ 8b3MOXHOCM
3a ouyeHka Ha pabomocrnocobHocmma u Ka4yecmeama Ha pas/iudHU e2padeHu cucmemu 3a
MSXHOMO yripassieHue.

MNpu peanu3aumaTa Ha cuctemMmTe 3a ynpaBneHWe ca M3MNOM3BaHW PasnuMyHM TUMOBE
N3YNCNIUTENHN YCTPOMCTBA KaTO MEpPCOHANHW KOMMIOTPU, NporpamMmmpyemMu formyecku
KOHTponepn u uucpoBM CUrHanHuW KoHTponepu. EkcnepumeHTanHuTe wmscnegBaHus ca
M3BbPLUEHN C NOMOLLTA Ha cneumanuavpaHa namepBartenHa anapaTypa AaBalla Bb3MOXHOCT
3a obpaboTka M BM3yanu3aumsi Ha CUrHanM B peanHo BpeMe 3a PasfNyHW XUAPaBMAWYHM,
MEXaHWYHU U eNEKTPUYECKN BENTUYMHN.

B TO3n acnekT, peslomeTtata Ha HayyYHWTe TpPyAOBe Ca CUCTEMATU3NPAHU CbrNacHo
NpeAcTaBeHUTe aBTOPCKM CNpaBKM NO NokasaTenu 3a U3NbIIHEHUNE:

l. MNokaszaten B4: XabunutaunoHeH Tpya — Hay4yHu ny6nukaumm (He no-
manko ot 10) B usgaHusi, KOoutTo ca pecdepupaHum U MHOEKCUpaHU B
CBEeTOBHOM3BECTHM 6a3u AaHHM ¢ Hay4yHa uHcopmauums
(B4-1+B4-11).

EovHapgeceT ot nybnukaunnte [B4-1+B4-11], nybnvkyBaHn B cneupanuavpaHym Hay4HM
n3aaHus, KouTo ca pedepunpaHn N NHAEKCUPaHN B CBETOBHOU3BECTHN 6a3n AaHHM C Hay4Ha
nHdopmaums (SCOPUS un/unmn WoS), ca BKNoYeHM KaTo paBHOCTOMHW Ha MOHOrpaduyeH
Tpya u Morat ga ce 0600LWaT B HanpaBneHneTo:

,,CUHmMe3 u peanusayusi Ha e2padeHu cucmemu 3a ynpasJsieHue Ha
esleKmpoxudpassiudHU KOPMUJTHU ypedbu 3a HUCKOCKOPOCMHU MOBGUJIHU MaWUuHU”.

B cbBpeMeHHUTE MOOMMHM MawuHKM HyXgata OT MPOMNOPUMOHANHO  eNeKTPUYecKo
yrnpasneHne Ha KopmunHata ypeaba e cneacteme oT HeobxogMmocTTa 3a AMCTaHLMOHHO
ynpasneHue, nocpegctsom GPS. OcBeH TOBa OCbLUECTBSABAHETO HA MEXAHWYHO ynpaBrieHne
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C NPOMEHINBO NpefaBaTenHo OTHOLLEHWE OT BOSlaHa KbM yrpasnsemarta OC Ha MalunHaTta e
4YeCTo TbpceHa PyHKUMA 3a nogobpsiBaHETO Ha MPOU3BOAUTENHOCTTA M KOMA)OPTa Ha Bogava.
B TO3M acnekt, HapactBa W HyxgaTa OT paspaboTBaHe Ha eneKkTpoxvapaBnnyHU
ynpasnasawu wmogynu (EXYM) cnyxewmnm 3a Henpsko uUnpoBO ynpasreHne Ha
XnapaenuyHnTe KopMmunHu yctporctea (XKY), Hamupawm npurnoxeHne B KOPMUIHUTE
cucteMn 3a 6aBHOXOO0BM (HUCKOCKOPOCTHM) MOBUITHM MaLUMHU C MakcumariHa CKOpOCT Ha
aswmxeHne go 60 km/h.

Mpn aBTOMaTM3auMaTa Ha peguua  WHOYCTPUANHU  NPUNOXEHWs ce npunarat
nponopumMoHanHo-nHterpanHn-gudepeHumnanyn (ML) 3akoHn 3a  ynpaeBneHne wn
pa3paboTBaHeTO Ha KackagHu cuctemMun Ha 6asa Ha Tax. [TbpBoHAYariHO e M3BbPLUEH CUHTES
Ha pasnu4yHu M perynatopu nonyyeHn Ypes pasnmyHn no CTPyKTypa MoAenn CUHTe3NpaHu
No eKkcnepuMeHTanHu AaHHW, N3MepeHn BbB BU HA BPEMEBU N YECTOTHU XapaKTepUCTUKN.
Hactponkata Ha pasHoBuagHocTuTe Ha [ perynatopa e u3BbplUueHa 4Ype3 uTepaTUBHU
ONTUMN3ALMOHHK Mpoueaypu, B OCHOBaTa Ha KOUTO € MeTOAbT Ha HeNMUHENHUTE Han-Manku
kBagpatu (non-linear least squares) 1 Npy N3MbNHEHME Ha KOHKPETHN N3NCKBaHNSA 32 Ka4eCTBO
Ha ynpaeneHue. To3an noaxod 3a ynpaeneHve e npeacraBseH B Tpyaose [B4-1, B4-2, B4-5,
B4-11].

Mpun enekTpoxmapaBnuyHUTE 3a4BWXKBaLLM CUCTEMW HA KOPMUITHUTE ypeabu 3a MobunHu
MallMHM ce Hanara u3non3saHeTo Ha obpaTHWM BPBL3KM MO PasfMyHW napameTpu, KOeTo e
cneacTBMe He camo OT HyxaaTta OT NnpeunsHo No3vuMoHVpaHe, HO U Nopagu HanuumMeTo Ha
CBbNPOTUBUTENHN CUNWN AeNCTBaLLM BbPXY YNpaBnseMnTe Konena, Kouto cunu gencrear kaTo
CMyLleHus npu 3aBol. [lpn TakmBa MHOrOMEPHM CUCTEMM HacTpouKaTa Ha BrpageHu
perynatopy ce 3aTpygHsiBa OT HanuMyMeTo Ha KPbCTOCAHW BPBL3KUM MexXOy KaHanuTe.
CnepoBaTtenHo npu MHOromepHu oOb6ekTu ca no-uenecbobpasHn 3akoHW 3a ynpasneHue
n3BedeHn OT KpuTepuu 3a ONTMMAanHOCT BbPXYy MNpefdasaTenHata maTtpuua Ha obekta 3a
ynpaeneHve [B4-4, B4-8, B4-9, B4-10].

B ponbnHeHne Ha ToBa, 3a cryv4as Ha AWCTAaHUMOHHO ynpasrieHue MOoCpPeacTBOM
KOHTpoOriep, NoBeAeHNeTO Ha MalumMHaTa 3aBUCK CUIHO OT BrpafeHus NporpaMHo ynpasnssaLy,
anropuTbMm, pecn. perynaTtop. Ka4ecTtBoTo Ha ynpaBsreHue 3a TO3W criydyan, MOXe Ja ce
nogobpwu Npu n3eexaaHe Ha No-TodeH mogen Ha obekTa. [pn MmatemaTnyeckoTo MoaenupaHe
BMHArn ce Hanara KOMNpoOMMC Mexay CrOXHOCTTa (onpedeneHa OoT pefa Ha AMHaAMUYHUTE
CbCTaBKW) Ha M3NON3BaHMA MOAEN U TOYHOCTTa Ha anpokcumauus. B cnoxHute mogenu no-
TPYAHO Ce OTKpMBAT BaXHWUTE 3a ynpaBreHMeTo mMaTemMaTUyecku CBOWMCTBA, a MO-TOYHUTE
MoAenu nossonsBaT AOCTUraHe [0 NO-BUCOKW MokasaTenu 3a KayeCTBO Ha yrpasneHuve.
OBVKHOBEHO CIOXXHUTE MOAENWN ca NOAXOASALWM NPU aHanNn3 Ha AUHaMukaTa Ha cuctemara,
HO ca HeyoOHM Npu NPOEKTUPAHETO Ha perynaTtopu.

3a ga ce onpedenu mMatemMatTuUdeH Moen Ha enekTpoxuapasnuyHa KopMunHa cuctema
Han-4eCcTO ce um3nonseaT ABa nogxoga — ¢u3uyecko modesnupaHe unu udeHmugbuKkayusi.
®dun3n4eckoTo MogenupaHe n3nckea 3aabnbovyeHo No3HaBaHe Ha KOHCTPYKUMSATa Ha obekTa u
CbOTBETHUTE OM3NYECKU MNapaMeTpu (XapakTepucTukn [ebuT-HanaraHe, XuapasrvyHU
CbNPOTUBIIEHNS, 3aTBOPEHN 06eMKn, reomeTpust Ha ynpasnsBawmTe pbOboBe Ha NNyHxXepute
n ap.). Nopagn nuncaTa Ha gocTaTbyHa anpuopHa MHdopmauusa ce n3yvasa YMcneH mogen
nonyyeH 4ypes npoueaypa 3a MAEHTUMUKaAUMA NO eKCnepuMeHTanHW [aHHW, nokasaHa
nogpo6Ho B Tpynose [B4-3, B4-6, '8-23]. [Jpyra npuumHa 3a 1031 NOLAX0S € Bb3MOXHOCTTA
Aa ce n3sege MoAen Ha LWyma, KOMTO MOXe [a Cce U3MOor3Ba 3a NPOoeKTUpaHe Ha onTumareH
duntbp Ha KanmaH. Llenta Ha nageHTudukaumsaTa e ga JOCTUrHe OO0 NMHeeH moden Tun
LdepHa KyTua“, KOWTO AOoCTaTb4yHO OOOpe onucBa AMHAMMUKaTa Ha enekTpoxuapasnvyHaTta
KopMmunHa ypeaba n Bb3gencTBawmMTe CMyLlaBawM Bb34eWCTBUSA 3a uUenus paboTeH
AnanasoH. 3a Aa ce nony4v To3u MOAenN ca NpoBefeHN ekcrnepuMmeHTu ¢ obekta B OTBOPEH
KOHTYp. TakTbT Ha guckpetTusauus e usbpaH JocTaTbyHO ManbK. 3a ga ce ocurypu
HeobxoauMoTo Bb3OyXaaHe kKbM obekTa e M3Non3eaH CryyaeH curHan oT Tuna ncesno-
cny4arHa OBouYHa nocneposaTenHocT (random binary signal, RBS) — nonyyeH kato 6san
laycos Wwym npemuHan npes peneeH enemMeHT.

Ha 6a3a Ha nony4yeHuTe OT naeHTUMUKaunaTa Mogenu, B NPOCTPaHCTBO Ha CbCTOSAHUATA,
ca CYHTe3MpaHn MHOrOMEpPHW perynaTopu - MMHenHo-kBagpatudeH Maycos (LQG) perynaTop,
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H,, perynartop u u-perynatop. TAXHOTO NPOEKTMPaHe, CUHTE3 1 peanu3auns ca npeactaBeHn
B Tpynose [B4-4, B4-8, B4-9, B4-10].

Mpn npoektupaHeTo Ha LQG perynatop, 6asvpaH Ha uaeHTMdUKaAUMOHEH Mogen, OT
CbLUECTBEHO 3HAYeHMEe € OueHKaTa Ha CbCTOSIHMETO, Tbh KaTOo MNPOMEHNMBUTE Ha
CbCTOSIHNETO HEe Ca M3MEepMMM U NpeAcTaBnsBaT CroXHa KOMOMHauus OT um3nyeckm
npoMeHnMBKu Ha obekTa. MNMpoekTnpaH e anropnTbm 3a HabnogaTen N3non3BaH 3a oLeHKa Ha
cbCTOoAHMETO. [uHammkata Ha Habnogatens obave BnvMsie BbpXy AWHAMUKATa Ha
3aTBOpeHaTa cuctema u Tpsibea aa 6bae BHUMATENHO HAacTpoeHa. ANropuTbMbT Ha MNTbpa
Ha KanmaH e 4ecTo cpellaH OLEHUTEN Ha CbCTOSIHMETO, KOMTO HacTpoMBa AMHamMMKaTa Ha
HabnogaTensa kato BbBexaa npeumnseH GanaHc mMexay CurHanHata HeonpegeneHocT Ha
Modena un namepummns wym. Heobxogmmo e obaye ga ce nosHaBa mogena Ha wywma. B
AOMbIIHEHWE HA TOBa, APYro NPeaANMCTBO Ha MOZENUTE 3a MAEHTMdUKAUMA Ha cUCTeMM ca
TEXHUTE CTAaTUCTUYECKN XapaKTepUCTMKW, KOETO MO3BOSISIBA ONpeadensHe Ha criomeHaTute
napameTpu, Heobxoaumm 3a cuHTe3a Ha hunTbpa Ha KasmaH.

KpaHata uen Ha BrpageHata €enekTpoHWKa B XWAPaBMMYHWUTE YCTPOWCTBaA €
nogobpsiBaHETO Ha ekcnroaTauMOHHUTE XapaKkTepUCTMKN, 6e30MacHOCTTa U Bb3MOXHOCTUTE
3a pguarHoctuka (ISO 13849-1). T kaTo XMAPaBMMYHUTE €fleMEeHTU U YCTPOWCTBa 3a
3a[BWXKBaHE Ce MPOEKTMpaT MO OTHOLIEHME Ha MaKCUManHO e(EKTMBHOTO M3MNON3BaHe Ha
eHeprusita, To TEXHUTE KOHCTPYKTMBHWN M3MNbIHEHNSA CE XapaKTepuanpaT C HENTMHEWHOCT Npu
MoaenupaHeTo uMm. HeonpegeneHocTTa npuyMHeHaTa OT Te3N eNeMEHTU MOXe Aa HapyLum
YCTOMYMBOCTTAa M Ka4yecTBOTO Ha 3aTBOpeHaTa cuctema 3a ynpaBneHue. BrpageHute
anroputmu TpsibBa ga 6baaT BHUMATENHO M3CneaBaHm No OTHOLLIEHWE Ha HeonpeaeneHocTTa
npean TAXHOTO BrpaXgaHe B peanHata MawwuHa. [lopagu Tasu npuumHa ca npoBefeHu
n3crnenBaHus 3a pobacTHata yCTOMYMBOCT M pobaCcTHOTO KavecTBo B Tpyaose [B4-8, B4-9,
B4-10].

3a TasM uen B MoAena e BbBedeHa BXogHa MynNTUNNMKAaTUMBHA HeonpeaeneHocT,
oTyMTalla HemMoenvpaHuTe OUHAMUYHM edeKkTW, Ob/KalWM Ce Ha HENUHEWHOCTM B
enekTpoXnapaBnMyHUTE KOpMUIHM ycTponcTBa. CuctemaTta e npeacrtaBeHa kato M — A
CTPYKTypa AaBalla Bb3MOXHOCT [a Ce M3YMCNN CTPYKTYPUPAHOTO CUHIYNSPHO Yncrno () Ha
3aTBOpeHaTa cMcTeMa 3a ynpaBfieHne, KOeTo YACIO € MUHUMU3MPaHO Ype3 D — K utepatmBeH
anropuTbM, ocurypsiealy pobacTtHa yCTOMYMBOCT M poBacTHOTO Ka4yecTBO Ha usnarta
enekTpoxXnapaBnMyHa 3afBuKBaLla cuctema.

Bcuukn pesyntatm nonyyYeHM no BpeMe Ha CUHTe3a Ha paspaboteHuTe B
CMMyNaUMOHHU ycnoBus (NnpeactaBeHM 4pe3 BpeMeBM M YECTOTHU XapaKTepUCTUKMU)
perynatopu, ca noTBbpAeHU eKCnepuMeHTanHo B N0OCoOYeHUTe TpyaoBe Bb3 OCHOBA Ha
cb3pafeHarta nabopaTtopHa 6a3a 3a nscneaBaHe Ha EXKY, npeacraBeHa B tpyaose [B4-
1, B4-2, B4-7].

HayyHu TpyaoBe no nokasaren B4:

B4-1. Mitov, Al., J. Kralev, ll. Angelov, Design of digital Pl regulators from

experimental frequency response of electrohydraulic steering system, 15th

International Conference on Electrical Machines, Drives and Power Systems

(ELMA), ISBN  978-1-5090-6690-2, pp.400+405, Sofia, 2017, DOI:

10.1109/ELMA.2017.7955472.

Pe3stome: [lpeactaBeHa e onTMManHata HacTpoWka Ha ABa  UMAPOBU
nponopumoHanHo-nHterpantn (M) perynatopa 3a enekrpoxugpasnuyHa kopmunHa ypeaba
(EXKY) npegHasHadyeHa 3a HUCKOCKOPOCTHM MOOMIHM mawuvHu. PerynaTtopute ca
CMHTE3MpaHM Ype3 eKCnepMMeHTanHo NofyyYeHn YeCTOTHWU XapaKTepUCTUMKM Ha KopMunHaTa
ypenba. YectoTHUTE XapakTepuUCTUKM Ca anpoKCUMUpaHW Ype3 [ABe paunoHanHu
npegasaTenHn dyHKumM. HacTponkata Ha napameTtpute Ha pfgBata [ perynatopa e
13BbPLLEHA YpE3 UTepaThBHa ONTUMKU3ALMOHHA Npoueadypa B cpeaa Ha MATLAB®/Simulink®.
Perynatopute ca BrpageHn B cneuuanuavpaH MNPOMULLMIEH KOHTponep 3a MOOWUITHU
npunoxexus. MI3BbpLueHo e cpaBHEHWE 3a KA4eCTBOTO Ha ynpasrneHvue Ha ABaTa perynaTtopa
ype3 peaneH eKkcnepumeHT BbpXy NabopaTtopeH CTeHA 3a wu3cnegBaHe Ha
eneKkTpoXnapaBNNYHN KOPMUHU ypeabu.
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B4-2. Mitov, Al., J. Kralev, Il. Angelov, Investigation of model-based tuning of Pl

regulator for electrohydraulic steering system, The 9th International Congress on

Ultra Modern Telecommunications and Control Systems (ICUMT), ISBN 978-

1538634 34-9, pp.318+323, Munich, Germany, 2017, DOI:

10.1109/ICUMT.2017.8255165.

Pe3tome: B ctatuata e npeactaBeHa onTuMarnHata HacTpomka Ha ocem [1U
perynatopa C pasfuyHyM HacTPOMKN Ha TEXHUTE NapamMeTpu, CUHTE3NpPaHU Ype3 MoOeSHO-
opueHTuMpaH nogxoA. NapameTpuTe Ha perynaTopuTe ca onpefeneHu 4pes npouenypa 3a
yucneHa onTMMM3aLms Bb3 OCHOBA Ha M3BEOEHWN pasnnyHn CUMYIaLMoHHM Mogenu Ha 6asa
Ha €eKCNepMMEHTArHO MOSflyYeHNn BPEMEBM W YECTOTHU XapakTepucTukM Ha obekta 3a
ynpaeneHune. Perynatopute ca nporpammpaHu B KOHTPOSEp 3a MOOUITHUTE NPUNOXEHUS U
TeXHUTe pe3ynTaTm ca CPaBHEHW eKCNepuMMEHTanHO Npu ynpasBfeHWe Ha no3uuusaTa Ha
OyTanoTo Ha KOpPMWIEH CEpPBO LUMNUHALP. Pe3yntatute nokassart, Ye napameTpute CUMHO
3aBUCAT OT u3bopa Ha mMaTeMaTMyeH Mogen, onucealw, avHamukata Ha EXKY. Bbnpeku
pasnuyHaTa MatemMaTtudecka CTpyKTypa Ha Mogena, U3n4eckuTe eKCnepuMeHTu C
pasnuyHuTe perynatopy nokassaT MNoAOOHM KadecTBa aHanuMaupaHu 4pe3 CbOTBETHM
nokasartenu.

B4-3. Mitov, Al., J. Kralev, Il. Angelov, Embedded Electrohydraulic Controller with

Digital Valve Actuation for Steering of Heavy Duty Machines, The 7th Mediterranean

Conference on Embedded Computing - MECO'2018, ISBN 978-153865682-2,

Budva, Montenegro, 2018, DOI: 10.1109/MEC0.2018.8406011.

Pe3tlome: WscnepgBaHa e BrpageHa cuctema 3a ynpaeneHve 3a EXKY
npegHasHadeHa 3a TexXkn MobunHu mawuHu. Llenta Ha paboTtata € ga 6baaT OueHeHn
KayecTBata Ha gBa umdposu MU perynatopa 3a crnegeHe Ha nosuuuaTa Ha OyTanoTto Ha
kopmuneH cepso unuHabsp B EXKY. PerynaTtopuTte ca ontuManHoO HacTpOeHU Bb3 OCHOBA Ha
ABa anTepHaTUBHW HENMUHEHU MoAena MnonyyYyeHu ypes npoueaypa 3a uaeHTudumkaums no
eKcrnepuMeHTanHn gaHHn - dounsundeckn mogen (PA) n HennHeeH aBToperpecuMoHeH Moden
(NARX). AHanuTuU4HuAT mogen e Tun ,cmBa KyTus“ mogen, npu KOWTO onpegeneHarta
CTPYKTypa e ouKcnpaHa, a CTOMHOCTUTE Ha napaMeTpuTe ca Hens3BecTHU. HennHenHnat ARX
Mogen e mMogen Tun ,4epHa KyTusa“, KOWTO onNMcBa CamMoO BXOOHO-U3XOAHOTO DYHKLMOHAHO
noBedeHWe Ha cuctemara.

B4-4. Mitov, Al., Ts. Slavov, J. Kralev, Il. Angelov, H-infinity Control of an
Electrohydraulic Power Steering System, 41st International Conference on
Telecommunications and Signal Processing — TSP - 2018, ISBN 978-1-5386-4695-

3, pp.690+693, Athens, Greece, 2018, DOI: 10.1109/TSP.2018.8441398.

Pe3tome: PaspaboTeH e onTtumaneH anropuTtbM 3a credeHe Ha 3ajaHue 3a
nosnumsa npegHasHadeH 3a EXKY, konto ce ocHoBaBa Ha mageHTUdUKauma Ha MHOrOMepeH
MOZen OT TPeTU ped B NPOCTPAHCTBO Ha CbCTOAHUATA U H,, perynaTtop. EkcnepumeHntanHute
nacrnegBaHma ca UM3BbpLIEHM Ha nabopaTopHa YCTaHOBKA, KOATO Ce CbCTOM OT:
enekTpoxXnapaBnuyeH ynpasnssaw, MOAyn, XMAPaBIUYHO KOPMWUIHO ycTponcteo (XKY),
KOPMUMEH CEPBO LMNUHABLP, 32-OMTOB KOHTPOSIEP M eNEKTPOHEH SXXOUCTUK. PaspaboTeH e
copTyep 3a BrpaxgaHe Ha npoekTupaHus H,, perynatop B KOHTponepa Ha nabopatopHaTa
ycTaHoBka. CTaHAapTHUAT noaxon npunaraH nNpy crejeHe Ha 3ajaHuve B TakMBa CUCTEMM
0Bb1KHOBEHO ce ocHoBaBa Ha knacuyecku ML 3akoH 3a ynpasneHue. 3a pasnuka oT Hero, B
Tasu craTua criedeHeTo ce M3BbpLUBa 4Ype3 U3Mofi3BaHe Ha MHOrOMeEpeH perynatop 3a
ynpaBreHne, KOUTO OTYMTa CrOXHMSA XapakTep Ha npouecuTe. Mo To3M HauMH € nocTurHaTa
no-Bucoka edpekTMBHOCT Ha 3aTBOpeHaTa cucTemMa 3a yrnpasreHue.

[Mumos, An., PestomeTa Ha Hay4HUTe TpyaoBe]



B4-5. Mitov, Al., J. Kralev, Il. Angelov, Cascade control algorithm of test bench for
studying load-sensing electrohydraulic steering systems, International Scientific
Conference on Aeronautics, Automotive and Railway Engineering and Technologies,

BulTrans-2018, Proceedings Matec Web of Conference, ISSN 2261-236X,

SJR:0.166, 2018, DOI: 10.1051/matecconf/201823402006.

Pestome: CtaTusATa npencraBsa NpoekTUpaHe M CUHTE3 Ha TPU-KOHTYpHa KackagHa
cucTema 3a ynpasneHue ¢ Brpagenu N perynatopu npeaHa3HadeHa 3a nabopaTopeH cTeH
3a m3cneaBaHe Ha EXKY ¢ 4yBCTBUTENHOCT KbM WM3MEHEHWE Ha BBHLLUHOTO HaTOBapBaHe
(“Load-sensing”) Bbpxy u3mbiHUMTENHUS xugpoasuraten. NpencrtaBeHn ca CTpykTypaTta wu
peanusaumsita, KakTo Ha XuapaBnuyHaTa 3adBWKBalLla CMCTEMA, Taka M Ha cuctemaTa 3a
ynpaeneHune. KackagHata cuctema ce CbCTOoM OT TpW perynatopa 3a U3MepuMn BENUYUHW:
no3vuMsi Ha nnyHxepa B MNPONOPUMOHANHMA XMAPaBNUYEH pasnpeaenuTen, CKOpoCT U
no3uumsi Ha ByTanoTo Ha cepBO UMNMHAbPA. PaspaboTeHnsT anroputbM 3a yrnpasreHve e
BrpageH B 32-OMTOB KOHTpONep 3a MOOWUNHWM MpUNoXeHus, a 3a Ta3u uen e paspaboTteH
noaxogsw codptyep. MNpoBeaeHn ca ekcnepuMeHTanHn n3cneaBaHus, KOMTo NOTBbPXKAaBaT
KayecTBOTO Ha 3aTBOpeHaTa cucTeMa 3a ynpaBfieHne Npu TECTBAHETO M C pas3nnyHu cnopes,
HauyMHa Ha opMMpaHe 3agaHusi — OT EeNEeKTPOHEeH [KOMCTUK W OT npenBapuTesnHO
nporpammpaHo 3agaHue B KoHTponiepa. OGopygBaHeTO Ha HOB CTeHA C perynupyema
akcuanHo-bytanHa nomna c perynatop no HansaraHe Tun “DR”, kakTo n BKMOYBaAHETO Ha
CbBpPEMEHHM TEXHUYECKN CPeACcTBa 3a M3MepBaHe AaBaT Bb3MOXHOCT 3a BM3yanusauusi u
o6paboTka Ha curHanm 3a peguum MexaHUdHW U XMAPaBIMYHM BENUYMHU B pPeanHo BpeMe.
ToBa OT CBOSA CTpaHa JdonpuHacs 3a M3cnegBaHeToO Ha eHepruinHata edgekTUBHOCT Ha
cucTemara npu BKIMKYBAHETO Ha pasnNnYHM XMAPOMEXaHWYHN perynaTtopu Ha nomnara.

B4-6. Mitov, Al., J. Kralev, Ts. Slavov, ll. Angelov, SIMO System Identification of

Transfer Function Model for Electrohydraulic Power Steering, 16th International

Conference on Electrical Machines, Drives and Power Systems (ELMA), ISBN 978-

172811413-2, pp. 130+135, Sofia, 2019, DOI: 10.1109/ELMA.2019.8771571.

Pe3tome: NpeacraBeHa e nogpobHO npouenypata 3a naeHtudukaums Ha EXKY ¢
uen nonyyaeaHe Ha npegasaTtenHa yHkumst Ha mogen. OueHeH e MoAen ¢ eQuH BXoa v Tpn
naxoga (SIMO) Ha 6a3a Ha ekcnepuMMeHTanHoO N3MepeHn gaHHW OT nabopaTopeH CTeHa, Ha
KOWTO e paspaboTeHa enekTpoxvapaBnuyHaTa 3agBwkBalla cuctema. WaxogHute
NPOMEHNMNBU Ca NO3MLMSA Ha NyHXepa B NPONOPUMOHANHUS XnapaBnuyeH pasnpegenvren,
AebuT 3axpaHBaLy, CepBO LNMHABPA M NO3nLMA Ha ByTanoTo Ha CepBo LMNMUHABbPA U3MepPEHU
ype3 naeHTUMMKaLUMOHEH EeKCNepUMEHT W3BbPLUEH B OTBOPEH KOHTYyp. [lonyyeHuat ot
noeHTudMKaumsita MHoromepeH asToperpecoHeH mogen (ARX) e BanvavpaH ypes TecT 3a
HEe3aBMCMMOCT Ha ocTaTbyHaTa rpellka u crnej ToBa e pegyumpaH oo tpetu pea. MogensT
npeAcTaBeH B MPOCTPAHCTBO Ha CbCTOSIHMATA CMYXM 3a No-HaTaTbluHa paboTa 3a cMHTe3 Ha
MHOrOMEpPHW perynaTtopu 3a enekTpoxvapaBnuyHu KOPMUITHU CUCTEMM.

B4-7. Mitov, Al., Implementation of Embedded Three-Loop Control Algorithm for

Electrohydraulic Power Steering System, 16th International Conference on Electrical

Machines, Drives and Power Systems (ELMA), ISBN 978-172811413-2,

pp.136+141, Sofia, 2019, DOI: 10.1109/ELMA.2019.8771478.

Pestome: NpeacraBeHn ca nNpoekTupaHe, CUHTE3 U peanu3aumns Ha TPU-KOHTYpHa
cucTema 3a ynpaeneHue npegHasHadeHa 3a EXKY Ha cbBpeMeHHM HUCKOCKOPOCTHN MOBUITHK
MawwuHu. PaspaboTeHaTa cuctema e BrpageHa B 32-6MTOB NPOMMLLIIEH KOHTpoOsSiep 3a
MOOMNHU NpunoxeHus. Pa3paboTeH e codTyep 3a BrpaxaaHe npeactaBnsaBall CTPyKTypa oT
dyHKUMOHanNHM GnokoBe, reHepupallia M3MbAHUM MalUMHEH KO, KaKTO W MocneaBalloTo
BbBeXAaHe 1 cTapTMpaHe BbpXy nnatgopmaTa. NogpobHo e npeactaBeHa npoueayparta no
BrpakgaHe Ha 6asa Ha cpefaTa 3a nporpamupaHe PLUS+1 Guide (Danfoss) nogxoasiia 3a
n3nonseaHns KoHTponep. lNpoBeaeHo e m3cnegBaHe Ha Lyma reHepupaH OT CeH3opuTe
N3NOoN3BaHNTE B EKCNEPMMEHTANHNTE U3CreaBaHUs, KakTO U aHann3 Ha TaxHaTa TOYHOCT.
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B4-8. Mitov, Al., J. Kralev, Ts. Slavov, Il. Angelov, Robust Stability of Electro-
Hydraulic Power Steering System with H-infinity Controller, The 8th Mediterranean
Conference on Embedded Computing - MECO'2019, ISBN 978-172811739-3,

Budva, Montenegro, 2019, DOI: 10.1109/MEC0.2019.8760060.

Pe3tome: WscnegBaHa e pobacTtHaTa yCTOMYMBOCT Ha BrpageH pobacteH
perynatop B KOPMWIHA €enekTpoXuapaBnMyHa 3a[BWKBaLLla CMCTEMa npegHasHayveH 3a
ONTUMArHO crnejeHe Ha No3numusa OT KOPMUMEH CEPBO UMNUHALP. PerynatopbT e nonyyeH
ype3 H, CWHTE3 K3BbPWEH Ha 0asa Ha uaeHTUMKaAUMS Ha MHOroMepeH Moaen B
NPOCTPaAHCTBO Ha CbCTOsSIHMSATA. BbB Bpb3ka C nscnenBaHeTo Ha pobacTHaTa yCTOMYMBOCT B
MoZena e BbBe[eHa napaMeTpuyHa HeonpeaeneHoct. CuctemaTa e npeacraBeHa kato M —
A CTpYKTypa, KOETO NO3BOSISIBA N3YNCNSIBAHETO HA CTPYKTYPUPAHOTO CUHIYNSIPHO YMCIIO (U) Ha
3aTBOpeHaTa cuctema ¢ H, perynatop. Hacrtosiwarta paboTta gokassa, Ye 3aTBOpeHaTa
cMcTeMa 3anasBa CBOSiTA YCTOMYMBOCT MpPM HANMUUMETO Ha BXogHA MynNTUNMKAaTUBHA
HeonpeaeneHoCT AbfhKalla ce Ha HanM4MeTo Ha HENUHEWHOCTU B eneKkTPOXnapaBiMyHUTE
KOPMWUMNHW  YCTPOMCTBA MNpeAHasHa4YeHW 3a  HUCKOCKOPOCTHM  MOOWMHW  MaLUMHMW.
EdektnBHocTTa Ha cuHTe3upaHus H, perynatop € noTBbpAeHa €eKCnepuMeHTanHO Ha
nabopaTopeH CTeHA.

B4-9. Mitov, Al., Ts. Slavov, J. Kralev, Il. Angelov, Comparison of Robust Stability
for Electrohydraulic Steering Control System Based on LQG and H-infinity Controller,
42st International Conference on Telecommunications and Signal Processing — TSP

2019, ISBN 978-1-5386-4695-3, pp. 712+715, Budapest, Hungary, 2019, DOI:

10.1109/TSP.2019.8769034.

Pe3tome: N3BbpLUeH e cpaBHMTENEH aHanu3 Ha pobacTHaTa yCTOMYMBOCT Ha ABa
BrpafeHn perynatopa npegHasHavyeHu 3a enekTpoXvApaBIiMYHUTE KOPMWUITHW CUCTEMU Ha
HUCKOCKOPOCTHN MOBUITHM MaLUWHK - NMHEHO-KBaapaTuyeH Maycos (LQG) perynatop v He,
perynatop. [1gata perynatopa ca CuHTe3upaHu Ha 6a3a Ha nNMHeeH mogden B NPOCTPaHCTBO
Ha CbCTOSAAHMATA MNOJyYeH Ypes npouenypa 3a naeHTUdmKaunsa No ekcnepuMeHTanHn AaHHK.
3a uscnegBaHe Ha pobacTHaTa YCTOMYMBOCT Ha 3aTBOpeHaTa cucTema 3a ynpasreHve e
BbBeaeHa 30% HeonpeaeneHoCcT B MaTpuuaTta B Ha Mogena, KOsiTo OnNncea CbluecTByBaLlaTa
30Ha Ha HEYyBCTBUTESNHOCT B Cneasdwus XuapaBnvyeH pasnpegenurten. 3aTBopeHaTa
cucTeMa e npeacrtaBeHa Kato M — A CTpyKTypa, Ype3 KOATO € M3YUCINEHO CTPYKTYPUPaHOTO
CUMHIyNsApHO uucno (u) 3a ABaTa perynatopa. BbBegeHata HeonpeaeneHocT oTyuTa
OTKINIOHEHMATA Ha NapaMeTpuTe, XapakTepusupaliy Bb3AEWCTBMETO Ha ynpaBnsBawms
curHan BbpXxy CbCTOSHMATA Ha Mogena. NMpoekTupaHuTe perynaTopu ca peanvanpaHu B 32-
6uToB KOHTponep. 3a Ta3n uen e paspaboTeH cneunanuavpaH codTyep 3a paboTta B peanHo
Bpeme. M3BbplleHM ca peguua eKcnepMMEHTW, KOUTO NOTBbpXKOaBaT KavyeCcTBOTO Ha
enekTpoxugpaBnuyHata cuctema. [lpeactaBeHUTe  eKCnepuMEHTanHu  pesyntatyv
noTBbpX4aBaT, Ye cucTemata 3a ynpaBreHue nocTura npeanucaHuTe nokasaTenu 3a
Ka4yecTBO Ha ynpaBreHue.

B4-10. Kralev, J., Al. Mitov, Ts. Slavov, Il. Angelov, Robust Mu-Controller for
Electrohydraulic Steering System, 18th International Conference on Smart
Technologies - EUROCON 2019, ISBN 978-153869301-8, pp.1-+6, Novi Sad,

Serbia, 2019, DOI: 10.1109/EUROCON.2019.8861982.

Pe3tome: M3BbplueHn ca npoekTupaHe M peanu3aumsi Ha BrpageH pobacTeH p-
perynaTop B enekTpoxuapasnuyeH ynpasnssaiy mogyn (EXYM) 3a uncpoBo ynpasneHune Ha
XVAPaBAWYHM KOPMUITHU cucTeMu. EkcnepvMeHTanHuTe u3cnegBaHus ca WM3BbpPLUEHU Ha
nabopatopeH CTeHA 3a u3cnegBaHe Ha enekTPoOXuApPaBfUYHM KOPMUMHUM CUCTEMMU 3a
HMCKOCKOPOCTHN MOOBWNHM MawwmHu. PerynatopbT € cuHTe3upaH Ha 06a3a Ha nuHeeH
MHOroMepeH Mogern B MPOCTPAHCTBO Ha CbCTOSIHMATA MONyYeH 4pe3 npouedypa 3a
naeHtTupmkauma no ekcnepumeHTanHu AaHHn. B mogena e BbBegeHa BXodHa
MyNTUNAYKaTUBHA HeonpeaeneHocT, oTyMTalla HemMoaenupaHuTe OUHAMUYHM edeKTw,
AbIDKaLLM ce Ha HENMHENHOCTN B KOpMUHaTa cuctema. Cuctemarta e npeacraBeHa kato M —
A CTpyKTypa AaBalla Bb3MOXHOCT Aa Ce U3YNCIN CTPYKTYPUPAHOTO CUHIYMSAPHO YMCIO (1) Ha

6
[Mumos, An., PestomeTa Ha Hay4HUTe TpyaoBe]



3aTBOpeHaTa cucteMa 3a ynpasreHue, KOeTo € MUHUMU3MpaHo Ype3 D — K wutepaTuBeH
anroputbm ocurypsiBaly, pofacTHa YCTOMYMBOCT M poGacTHO KkayecTBO Ha Lusnarta
eneKkTpoxXuapasnuyHa 3aaBukBallia cuctemMa.

B4-11. Kralev, J., Al. Mitov, Ts. Slavov, Il. Angelov. Optimal three-loop cascade PI-

P-PI controller for electro-hydraulic power steering system, International Scientific

Conference on Aeronautics, Automotive and Railway Engineering and Technologies,

BulTrans-2019, IOP Conference Series: Materials Science and Engineering, vol.

664, Sozopol, Bulgaria, ISSN 1757-8981, pp.1+11, SJR:0.198, 2019, DOI:

10.1088/1757-899X/664/1/012011.

Pe3tome: lNpeactaseH e ontumanHo HactpoeH NN perynatop, KOWTO U34YnchnsiBa
napameTpuTe Ha YynpaensBallMs CUrHan 3a MpeBknioYBaHe Ha knanaHute B EXYM.
MNpoekTnpaHNAT KackageH anroputbm 3a ynpaeneHue ce cbeton ot Tpu ML perynatopa.
MNpencraBeHn ca eTanuTe Ha CMHTE3a Ha KackagHWsi anropuTbM 3a ynpasneHue. Llenta Ha
anropMTbMa 3a ynpaBfneHue e Aa ce MNOCTUrHaT BUCOKO Obp3oaencTeve B MpexogHuTe
npouecu, 6e3 npeperynupaHe n MMHUMarnHa rpeLlka B yCTaHOBEH pexum. TpuTe perynatopa
Ca KackaHO CBbp3aHW, Taka 4Ye U3xo4bT Ha eAVH perynaTop € BXOAEH CuUrHan 3a crnegsaiyms.
Hakonko u3xogHW npomeHnuMBM Ha obekTa ca M3Mon3BaHW Mpu  U34YUCnsABaHe Ha
ynpaBnsiBalmMs curHan, onpegensiw, koedwuumeHTa Ha 3anbneaHe Ha LWWM curHana,
ynpaBnsiBall, NpeBKMoYBalMTe Knanavu. [MbpBUMAT M3XO4EH CUrHanm € MOSioXeHMeTO Ha
nrAyHxepa B NPONOPUMOHANHUA XWApPaBNMYEH pasnpegenuren, u3MepeH C  JIMHEeH
MHOYKTUBEH u3MepBaTteneH npeobpasysaten (LVDT). Btopuat m3xod € KOHCYMUPAHUAT
[ebuT Ha cuctemara, U3MepeH CbC cneumanmanpaH 3bbeH gebutomep. NocnegHusT nsxoq e
nonoXxeHneTo Ha OyTanoTo Ha cepBO UuNUHAbpa. PerynatopuTe ca HacTpoeHu 4pes
ONTMMM3aUMOHHa Mpoueaypa U3non3ealla MeTofa Ha HerMHEeVHUTEe Har-Marnku KBagpaTu.
N3BbpLUeH e cpaBHUTENEH aHanu3 Ha pe3ynTtaTtuTe Npeav U cnef ontTumarnHaTa HacTpomnka
Ha cucTtemaTa 3a ynpaBneHue.

Il. Nokazaten [7: HayyHn ny6nukaumm B wU3gaHus, KOUTO ca
pecdepupaHn U MHOEKCMpaHU B CBETOBHOU3BECTHU 6a3u AaHHM C
Hay4Ha uHdopmauusa (I'7-1+r7-5).

BucokaTta cteneH Ha aBTomMaTM3auMsi NpU M3NOM3BaAHETO Ha ENEKTPOHHO yrnpaBsrieHune B
ronsMa 4act OT [MPOMULUSIEHUTE M  MOOWUITHM MPUMOXKEHUS Ce OCbluecTBABa 4pes
NPOMNOpPLUMOHAHN  eNekTPOXUApPaBnnYyHM  ynpasnsBaliM  YCTPOWCTBA, MpU  KOUTO
perynupaLLmaT eneMeHT ce NnpemecTBa NPonopLMoHanHO Ha UISBMEHEHMETO Ha ynpaBnsiBaLlms
enekTpmyeckn curHan. ToBa gaBa Bb3MOXHOCT 3@ MPOMSAHA Ha OCHOBHUTE EHEepPrunHu
napameTpu B cuctemaTa — HasisgeaHe u 0ebum v peanusaumsa Ha aganTUBHO MPONOPLMOHANHO
enekTpuyecko ynpaeneHue. PokycbT Ha ToBa Wu3credBaHe € [MOCTaBeH BbPXy
NMe3oenekTpu4ecknTe 3afBUKBaALLM MEXaHU3MU, W3MNOM3BaHU KAaTO eneKTPOMeXaHWUYHM
npeobpasyBsaTtenu, MNOAXOOAM 3a 3afBWKBaAHE W YNpaBfeHWe Ha XuapaBnyHU
pasnpeaenuTerniHn yCTporUCcTBa C BUCOKO 6bp3ogencTeme nmallm OTHOCUTENHO Marka 30Ha Ha
HedvyBcTBUTENHOCT. B Tpya [[7-1] e wusBbpweH nogpobeH aHanua Ha pasfvyHn
CblLEeCTBYBaLUN KOHCTPYKLMU, Bb3 OCHOBA Ha KOUTO € pa3paboTeH Ha KoHLenTyaneH mogen.
PaspaboteH e TpumepeH BupTyaneH NpOTOTMMN, KOWTO € M3NOon3BaH 3a u3crnegBaHe Ha
pasnMyHKM napamMeTpuM B CUMyMaumMoHHW ycnoBus. Ha ©Gasa Ha Te3n wuscnegBaHusa e
pa3paboTeHa KOHCTPYKUMSI Ha XugpaenuyeH pasnpegenuten C  MponopumoHanHo
erieKTpMYecKo ynpasrneHune oT NnnesoenekTpnyeH npeobpasysaren.

Mpn aBTOMaTM3aLMATa HA MHOTO NPOLECK B NPOMULLIIEHOCTTa, TPaHCNopTa 1 aBnaumdara
LWMPOKO Ce M3MOoMn3BaT XuOpaBNUYHUTE WU ENeKTPOXMAPaBNUYHUTE Cregsiym CUCTEMW.
Ynpaensgaiwiata 4acT Ha Te3n CUCTEMU Ce CbCTOU OT MEXaHUYHW WU eneKTPOHHU
YCTPOWCTBA, KOUTO Bb3rNpuemaT 3a4aBalloTO Bb34ENCTBUE OT YyBCTBUTENTHUTE €NEeMEHTH,
Unn OT U3YUCIIUTENHNTE YCTPOMCTBA, CPaBHABAT MM CbC CUrHanNuTe Ha obpaTHaTa Bpb3ka U
dopmupaT curHanu 3a yrnpaefneHue Ha cunoBaTa 4acT, CbCTosia ce OT perynupaium
YCTPOWCTBA W U3MbITHUTENHW XNOPOABUraTenu.
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EnektpoxvapaBnmyHuTe cepBocucTeMun morat ga 6baaT npoekTnpaHn 3a ynpasneHve Ha
pasnMyHM U3NYHU BENUYMHWU KaTO NO3MUMSA, Curna, HansiraHe, CKOPOCT, YCKOpeHwe u ap.
KoraTo ca Heob6xoanmun BUCOKO 6bP304eNCTBME U TOYHOCT 3a 3a[BWKBaHE N yNpaBreHne Ha
CMCTEMU C OTHOCUTENHO roflieMN Macu, BbpXy KOUTO AeACTBAT rofemMu CbnpoTUBMTENHM CUIMK,
Han-4eCTO MNPUMOXEHMETO Ha enekTPOXMAPAaBMMYHUTE Cchegswm CucteMum ce BsiBa
onTMManeH BapvaHT 3a pellaBaHETO Ha 3ajadvata 3a 3aABWXKBaHe, perynvpaHe wu
yrnpaBneHue.

B Tpya [[7-2] e pa3paboTeHO CxeMHO pelleHve Ha enekTpoxuapaBnuyHa cnegsiia
NMO3NUMOHHA CUCTEMA, M3BBLPLUEH € CUHTE3 Ha OCHOBHWTE MNapameTpu M € HanpaBeHa
KOMMaHOBKa Ha cuctemaTa BbB BUA Ha nabopatopeH cteHd. B ocHoBaTa Ha paspaboTteHus
CTeHO e akcumanHo-OyTanHa perynupyema nomna obopyaBaHa € perynatop no geotut u
HanaraHe (Tun “DFR”, Rexroth® Bosch Group), KOMTo e peanuaupaH antepHaTuBHO, Ha 6a3a
Ha nponopumMoHaneH XxwapaBnNuyeH pasnpegenutTen € BUCOKa cobCTBeHa 4ecToTa.
NabopaTopHMAT CTeHA AaBa Bb3MOXHOCT 3a eKCNepUMEHTanHu M3crnefBaHusa C pasnuyHun
N3MNBAHUTENHN OpraHn — XMApaBnMYEeH CEepPBO LUMUHABLP UNN POTaUMOHEH XuapoasuraTen.
3aTBOpeHaTa cucTema 3a ynpasfeHve € peanusmpaHM ¢ ob6paTHU BpPb3KM MO CKOPOCT M
HaToBapBaHe Ha W3NbMAHUTENHUTE Xxuapoasuratenu. BkniouBaHeTo Ha anTepHaTUBEH
perynatop ¢ npornopLMOHanHo enekTpuyecko ynpasneHue (cuctema tmn “SYDFE”, Rexroth®
Bosch Group) naBa Bb3MOXHOCT 3a eKCrepuMeHTanH1M nacrnenBaHust He camo Npu NPomMsiHa
Ha XuapaBnWYHWTE napamMeTpu, HO M Ha napameTpuTe Ha BrpageHata cuctema 3a
ynpasneHune. TakuBa nscneasaHunsa ca nposeneHn B tpygose [[7-3, '7-4], kouto cpaBHABaT B
YCMNOBUSA Ha 4YuCfeHa CMMynauusa U Ha peaneH eKCnepuMeHT, OBa NUHEWHO-KBaapaTUYHU
laycosu perynatopu (LQG) ¢ duntbp Ha KasivaH 3a enekTpoxugpaBnMyHa cepBocucTema.
dokycwbT B [[7-3] e BbpXy npeacrtaBeHaTa yCbBbpLleHCTBaHa Bepcust Ha LQG perynaTop.
PaspaboTteHa e nbpBoHayanHa Bepcus [[8-23] Ha BrpageHata cuctema 3a ynpasrieHue ¢
TO3W BUA perynaTop, KOSiTO CbAbpka 06paTHN BPB3KM MO pasnuka B HansraHusaTa B ABeTe
paboTHM KaMepn Ha CepBO LMNMUHABPA M NO No3numusaTa Ha HeroBoTo 6yTano. MNopaaun Huckata
yyBcTBMTENHOCT Ha LQG perynatopa KbM U3XOOHWS KaHan no HansraHe, B Tasn pabota e
paspaboTeH perynaTop ¢ AONbAHUTENHN 06paTHM BPb3KM MO no3uumna Ha nnykxepa (LVDT)
Ha npornopuMoHaneH pasnpegenuTen C HENpPsKo eneKTPOXMAPAaBMUYHO ynpaBneHue
(MHTerpupaH B enekTpoxugpasnuyeH ynpasnssall 6nok) n no gebut 3axpaHsaly 6Gnoka.
BbBexagaHeTo Ha obpaTHa Bpb3ka MO NO3VMUMA Ha perynupalimsa enemMeHT B crneasms
pasnpegenuTen No3Bonsea no-npeunsHo otpaboTBaHe Ha 3agaHMs 3a No3vumnsa Ha ByTanoTo
Ha U3MbNHUTENHUS CEepPBO LMNUHABLP. [pyrata gonbnHutenHa obpatHa Bpb3ka No Aebwr,
3axpaHBall, eneKkTpoxuapaBnuyHuMa ynpasnsiBaw, 610k, gaBa Bb3MOXHOCT 3a aHanu3 Ha
eHeprunHaTa e(PeKTUBHOCT Ha UsnaTa enekrpoxmgpasnuyHa cuctema. CoLyo Taka, 3a ga ce
ocurypu poctaTbyHO [o6po cnefeHe Ha 3apjaHue, e npoektupaH LQG perynatop ¢
nHTerpanHo gencreuve [[7-3, I'7-4].

OT apyra cTpaHa goctatbvyHO JOOpO crnefeHe Ha 3ajaHue 3a nosvumsa moxe ga obae
nocTurHaTto 4Ypes3 MogenHo-npeackaseaw, perynatop (MPC) npegHasHayeH 3a
eneKkTpoxuapasnuyHa cepBocUCTEMA, KOMTO € MnpoekTupaH u uacnensaH B Tpya [[7-5].
BrpageH B enektpoxugpaBnuyHa cuctema 3a ynpasnexHne MPC nma Hsikom npegumcTsa npes
KOHBEHUMOHANHUTE 3aKOHW 3a ynpaBneHue, KOMTO Ce M3passBaT BbB Bb3MOXHOCTTa 3a
npeogonsaBaHe Ha OrpaHMYeHVsTa B 30HATa Ha HEYyBCTBUTENHOCT Ha MPOMOpLUMOHANHMA
XvapaenuyeH pasnpegenurten. ToBa e 4ecTo cpellaH npobnem, Tbi KaTto Ta3n 30Ha €
cnecTeye OT NOSIOXUTENHOTO NPUNOKpPUBaHe, HanoxeHo ot ctaHaaptute (ISO 13849-1, EU
Machinery Directive) 3a curypHocT, U3Kknio4saLLm Bb3MOXHOCTTa 3a CaMO3aBMBaHe KbM TEe3M
cuctemun. OcHoBHaTa uen Ha MPC e ga ceege 0O MUHUMYM KpUTepus 3a e(peKkTUBHOCT Mo
OTHOLLUEHWE Ha OrpaHNYeHnsTa Ha CUCTEMHUTE BXOAOBE U CUCTEMHM U3Xoau. MpUNoXeH Kbm
cuctemute 3a ynpasneHune, MPC anroputbMbT ontumusmMpa Obaellarta CTOMHOCT Ha
ynpaBnsiBalLmns CUrHan, kKato MUMHUMU3UPpa MHTerpan oT rpeLukaTa Mexay 3agaBallus curHan
1 NPOTrHO3MpaHKA U3X04, U KBagpaTa Ha ynpaBnsBallMsa CUrHan Ha cuctemaTta BbB BCEKM TaKT
Ha auckpeTu3aums. HepgocTaTbk Ha anropyTbMa € Heob6XxoAuMMOCTTa OT M3MNOM3BaHeTo Ha
ronsiM M34ncnuTeneH pecypc.
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HayyHu TpyaoBe no noka3arten I'7:

7-1. Angelov, Il., K. Kamberov, Al. Mitov, Ts. Ivanov, Implementation of

piezoelectric actuators for pilot valve of high response hydraulic servo valve, 4th EAI

International Conference on Future Access Enablers of Ubiquitous and Intelligent

Infrastructures - Fabulous 2019, Sofia, Bulgaria, Lecture Notes of the Institute for

Computer Sciences, Social Informatics and Telecommunications Engineering

(ICST), ISBN 978-3-030-23975-6, SJR:0151, pp.318+326, Springer-Switzerland,

2019, DOI: 10.1007/978-3-030-23976-3_28.

Pe3tome: BucokaTa cteneH Ha aBTomaTm3aums Npy U3non3BaHeTo Ha eNeKTPOHHO
ynpaBreHne B ronisiMa 4act OT NPOMULLSIEHUTE U MOOMMHM MPUMOXEHUS Ce OCbLLECTBSBA
ype3 nponopLMOHANHN EeneKkTPOXUApaBNUYHM ynpaBnsiBaliM YCTPOWCTBA, MNpuM  KOWUTO
perynupaLumaT enemMeHT ce npemecTBa NponopLMOHanHO Ha U3MEHEHNETO Ha ynpaBnsaBaLLms
enekTpuyeckn curHan. ToBa gaBa Bb3MOXHOCT 3a MPOMSIHA HAa OCHOBHWUTE €HEeprumHu
napameTpu — HansraHe n 0ebuT, KakTo U 3a peanu3aumsa Ha aganTUBHO MPOMNOPLMOHANHO
enekTpuyecko ynpaeneHne. PokycbT Ha TOBa M3cCnedBaHe € BbpXy MNMe30eNneKkTpuyHuTe
3a[BWXKBALLM MEXaHU3MK, WM3MNON3BaHM KaTo eNlekTpoMexaHuyHn npeobpasysatenu,
noaxogsiliy 3a 3aABMXKBAHE M YyNpaBfieHMe Ha XMAPaBNUYHM pasnpenenuTenn ¢ BMCOKO
Obp3ogenctemne (high response servo valve) umawm OTHOCUTENHO Manka 30Ha Ha
HeYyBCTBUTENHOCT. WM3BbpweH e nogpobeH aHanu3 Ha pasnUYHn  CbLLecTBYBaLLM
KOHCTPYKUMM, Bb3 OCHOBa Ha KOMTO e paspaboTeH KoHuenTyaneH mogen. PaspaboTteH e
BMpPTyaneH npOTOTMMN, KOWTO € M3MOM3BaH 3a u3cnegBaHe Ha pasnNuyHM napameTpu B
CMMynaumoHHn ycnosusi. Ha 6asa Ha Te3u uscnegBaHusi € pa3paboTeHa KOHCTPYKUMS Ha
XVApPaBNMYeH pasnpegenuten ¢ MNpoMoOpUMOHANHO  €neKTPUYecKo ynpaBfneHue OoT
nue3oenekTpuyeH npeobpasysarern.

I'7-2. Angelov, Il., N. Stanchev, Al. Mitov, Experimental Study of Electronically

Controlled Closed-Loop Electrohydraulic System with Variable Displacement Pump,

16th International Conference on Electrical Machines, Drives and Power Systems

(ELMA), ISBN 978-1-5090-6690-2, pp.541+545, Sofia, 2019, DOI:

10.1109/ELMA.2019.87714809.

Pe3tome: Pa3paboTeHO € CxeMHO pelleHMe Ha enekTpoxvapaBrnvyHa cnegswia
No3nUMOHHA CUCTEMA, U3BbLPLUEH € CMHTEe3 Ha OCHOBHUTE NapamMeTpu M e HanpaBeHa
KOMMaHOBKa Ha cucTemMaTa BbB B4 Ha nabopaTtopeH cTeHn. B ocHoBaTa Ha paspaboTeHus
CTeHO € akcuanHo-6ytanHa perynupyema nomna obopyaBaHa c perynatop no aeout um
HangaraHe (tun DFR), peanuanpaH Ha ©6asa Ha nponopuMoOHaneH XxXuapaBrivyeH
pasnpegenuTen ¢ OTHOCUTENHO BMCOKa cobcTBeHa 4ectoTa. JlabopaTopHUAT cTeHa nasa
Bb3MOXHOCT 3a €eKCMepuMeHTanHu wuscrnenBaHus C PasfvMyHU U3NBbIAHUTENHW OpraHu —
XMOpaBMYEH UMNMHOBP WMAM pPOTaALMOHEH Xxuapoasuraten. 3aTBopeHata cuctema 3a
ynpaBneHne € peanuanpaHu C OOpaTHM BPb3KM MO CKOPOCT W HaToBapBaHe Ha
na3nbnHuTeNnHuTe xugpoasuratenu (SYDFE). BkniousaHeTo Ha perynatop ¢ NponopLUMOHanHo
eneKTPMYecKo ynpaBneHne aaBa Bb3MOXHOCT 3a eKCNepuMEHTanHu M3cnenBaHns He camo
npy NPOMsIHA Ha XMApPaBMYHUTE NapamMeTpu, HO U Ha NapamMeTpuTe Ha BrpageHaTa cuctema
3a ynpasneHue.

I'7-3. Mitov, Al., J. Kralev, Ts. Slavov, ll. Angelov, Reference Tracking LQG Control

of Electrohydraulic Servo System for Mobile Machines, 10" IEEE International

Conference on Intelligent Systems (1S°2020), ISBN 978-172815456-5, pp.475+480,

Varna, Bulgaria, 2020, DOI:10.1109/1S48319.2020.9200178.

Pestome: OcHoBHaTa Lien Ha cTaTusTa e Aa NpPeAcTaBn yCbBbpLUEHCTBaHa BEPCUs
Ha NHenHo-kBagpaTnyeH [aycoe perynaTtop ¢ duntbp Ha KasmaH 3a enekTpoxmapasnimyHa
CepBO cucTema npefHasHayeHa 3a CbBPEMEHHM MOOWNHM MawuHW. BbBexagaHeTo Ha
obpaTHa Bpb3ka MO MNO3MUMS HA perynupawms enemeHT B cregsus pasnpegenvren
nosBosfisiBa MNo-NpeunsHo oTpaboTBaHe Ha 3ajaHWs 3a no3vumss Ha OyTanoto Ha
N3NBNHUTENHUS CEPBO LMNUHABLP. [pyrata OonbinHWTENHa obpaTHa Bpb3ka Mo AebuT,
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3axpaHBall, eneKkTpoxuapaBnuyHua ynpasnsiealw, 6nok, gaBa Bb3MOXHOCT 3a aHanu3 Ha
eHeprunHaTa eeKTUBHOCT Ha udanaTta enekrpoxugpasnuyHa cuctema. 3a ga ce ocurypu
AoctaTbyHO Oo6po credeHe Ha 3agjaHve, e npoektupaH LQG perynatop C uHTerpanHo
Jencreue.
I'7-4. Mitov, Al., J. Kralev, Ts. Slavov, Il. Angelov, Real-Time LQG Control Strategies
for Electrohydraulic Steering of Mobile Machines, 215 International Symposium on
Electrical Apparatus and Technologies, (SIELA 2020), ISBN 978-172814346-0,
pp.294-297, Bourgas, Bulgaria, 2020, DOI: 10.1109/SIELA49118.2020.9167047.
Pe3tome: OcHoBHaTa uUen Ha cTatusATa € Ja ce CpaBHAT ABa noaxoda 3a
yrnpaBneHne B peaniHO BpeMe Ha enekTpOXvMApaBnMyHa CepBOCUCTEMA 3a CbBPEMEHHU
MOOMMHM MalWWHW C OBa pas3nu4yHu NMHenHo-kBagpaTtndHu aycosu (LQG) perynaTtopa. U
asete moamdukaumm Ha LQG perynatopa ca NpoekTMpaHu Ha GasaTa Ha ABa MHOrOMEpPHU
Moena Ha HeonpegeneHocT Ha eauH cbly obekT. MogenuTte Ha obekTa ca nonyyeHu Ypes
npouenypa 3a naeHTndukaumsa Ypes Noaxon Tun ,HepHa KyTusi“ n oTuMTaT OTKIOHEHMATa Ha
napameTpuTe, XapakTepusnpaluy HauduHa, Nno KOWTO YNpaBnsBaLLMAT CUrHan Bb3gencTsa
BbPXY CbCTOSHMETO Ha Mogenute. Pasnukata mexay ABeTe moandukauumn Ha BrpageHuTe
perynatopu ce nspassisa B pasnnyHnuTe BUOOBE U3XOOHM CUrHaNM, KOMTO Ce M3nonseaTt KaTo
obpaTHa Bpb3ka B cucTemata 3a ynpasreHve. M3BbplueH e CpaBHUTENEH aHanu3 Ha
CBOWCTBaTa Ha perynatopute BbB BpemeBaTa M B 4ecTtoTHaTa obnact. [lonydenuTte
pe3yntaTn nokaseaT no-gobpuTe cneasiluy CBOWCTBA Ha egHaTta cuctema. AnroputmuTe 3a
ynpaBneHune ca peanuaupaHun B 32-6MToB KoHTpornep. N3nbnHeHn ca peamua ekcnepumMeHTy,
KOMTO MOTBBbPXAABaT KayeCTBOTO Ha erneKkTpoxuapaBnuyHata cuctemMa 3a 3aBMKBaHe U
ynpaBneHune 4Ype3 onpegensiHe Ha KOHKPETHW nokasartenu.

I'7-5. Mitov, Al., J. Kralev, Ts. Slavov, Il. Angelov, Model Predictive Control Design
for Electro-hydraulic Power Steering Application, The 9" Mediterranean Conference
on Embedded Computing (MECO'2020), ISBN 978-172816947-7, pp.658-661,

Budva, Montenegro, 2020, DOI: 10.1109/MEC049872.2020.9134222.

Pestome: OcHoBHaTa uUen Ha Taswn cTaTvs € Aa NpeactaBu NpPoekTUpaHeTo U
M3NbNIHEHMETO Ha  ModenHo-npefckassaw, perynatop (MPC) npegHasHadeH 3a
enekTpoxXuapaBnMyHa CepBOCUCTEMA 3a TEXKM MOOUNHM MawwuHu. BrpageH B
enekTpoxuapaBnuMyHa cuctema 3a ynpaeneHve MPC uvma HsikoM npegumcteBa npeg
KOHBEHLMOHANHUTE 3aKOHW 3a ynpaBfieHWe, KOUTO Ce M3passiBaT BbB Bb3MOXHOCTTA 3a
npeoaonsiBaHe Ha OrpaHuMYeHMsTa B 30HaTa Ha HEYYyBCTBUTENHOCT Ha NPOMOPLMOHANHUS
XnapaenuyeH pasnpegenuten. ToBa e 4YecTo cpellaH B npakTukaTta npobnem, Thil KaTo Tasm
30Ha € crneacTtBMe OT MOSIOXKMTENHOTO MPUMOKPMBAHE, HaNoXeHo OT CTaHgapTuTe 3a
CUrypHOCT KbM Te3un cuctemun. OcHoBHaTa uen Ha MPC e ga ceege 00 MUHUMYM KpUTEpUS 3a
e(EeKTUBHOCT MO OTHOLLUEHME Ha OrpaHUYeHusiTa Ha CUCTEMHUTE BXOAOBE U CUCTEMHUTE
naxogun. lpunoxeH KbM cuctemute 3a ynpaeneHne, MPC anropyTbMbT onTuMuanpa
Obaellata CTOMHOCT Ha ynpaBnsBalLMs CUrHan, kaTo MMHUMMU3Mpa rpeLukaTa Mexay curHana
OT 3a4aHMeTO N NPOrHO3NpPaHMsa N3Xo4 Ha cucTemMaTa BbB BCEKWU TaKT Ha AUCKpeTU3aums.

. Mokasarten '8: HayyHu nybnukaumm B HepedepupaHu cnucaHus ¢
Hay4HO peLeH3upaHe Unu B peaakTupaHu KonekTuBHu Tpyaose (8-
1+I8-33).

lll.1. U3cnegBaHe Ha AWHAMMYHM NPOLECU MU NPUNOKEHUMEe Ha [UrnTarnHo
ynpaBneHue B XMapaBfiuyHU 3aaBUXKBaLLU CUCTEMM.

8-1. Axrenos Mn., An. MuTtoB, AHanus Ha QuHaMu4YHUME Xapakmepucmuku Ha
HarnsieaHemo & cucmemMa ¢ bbp3ornpeskysawy pasnpedenumers ¢ AuaumarsiHo
yrnpaesieHue, HaumoHanHa KoHdepeHuus ¢ MexayHapogHo ydactue ,MalunHHM
Haykn 2012“ CnuseH, cn. TonnotexHuka, ISSN 1314-2550, knura 1, ctp.32+37,
2012.
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Pe3tome: B pabotata ce mscnegsat AMHAMUYHUTE MPOLIECU HA M3MEHEHME Ha
HansaraHeTo B OTHOCUTESNTHO ObNbI TPHLOONPOBOA C Marnko ceyeHue, npu U3NoM3BaHETO Ha
Obp3onpeBknoYBaLy, TPUNbTEH ABYNO3NUMOHEH (3/2) xuapaBnuvyeH pasnpegenuten
OurMTanHo ynpaeneHue, CBbp3aH Ha Bxoda Ha Tpbbonposoda. OCHOBHa Len noctaBeHa ot
aBTOpUTE € a Ce YCbBBbPLUEHCTBA CbLUECTBYBALLY, MaTeMaTnieH MoAen, ¢ ornen Ha no-gobpo
CbBnageHue ¢ pesyntaTtuTe OT peanHns ekcnepumeHT. Pesyntatute oT peanHus U YncneHus
€KCMEPMMEHT Ce NPUMNOKPMBAT KaTo OTKINOHeHMsTa ca no-manku ot 0.5%.

8-2. Avrenos Wn., An. MutoB, /3cnedsaHe enusHUemo Ha xudpasnuyeH
aKymyrnamop ebpxy OUHaMUu4yHUme xapakmepucmuKku Ha HarnseaHemo e cucmema
¢ 6bp30 npesknoysaw, pasnpedenumersi ¢ OuaumasiHo yrpaeneHue, HayyHa
KOHhbepeHuna ¢ mexayHapogHo yyvactme “EM® — 2012”, Cosonon, ISSN 1314-

5371, CbopHuk goknaau, 1.2, ctp.138+145, 2012.

Pe3tome: B crtatuata e npeacrtaBeH CUMMynauMOHEH Mogen noaxoasiy 3a
TEOPEeTUYHOTO N3creaBaHe Ha JUHAMUYHOTO M3MEHEHME Ha HansiraHeTo B NpaB TpbbonpoBo
CBbp3aH KbM TPUMbTEH ABYNO3NLMOHEH ObpP30 NPeBKMNOYBALL pasnpenenuTen ¢ gurntanHo
ynpaeneHune. Bb3 ocHoBa Ha TO3M MOAEN € HanpaBeH aHanua Ha BNUSIHMETO Ha XnapaBrnyeH
akymynaTtop BbpXy OWHAMUYHOTO M3MEHEHME Ha HansraHeTo B eKCnepuMeHTanHus
Tpbbonposoa. B ontumanHua sapuaHTt npu 3 MPa, xapakrepuctnkarta ce nogobpsea B 3oHaTa
Ha HUCKMUTE HanAraHus, KaTo ToBa MOKa3Ba, Ye BKHOYBAHETO Ha XMAPAaBNUYEH akymyrnaTop
npw onpegerneHn HacTporKN Ha Heroemst 06em 1 HansaraHe gaBa Bb3MOXHOCT Aa ce nogoopu
npexogHuns npouec. ToBa € 0CO6EHO BaXXHO B CUCTEMUTE C AUMMTANHO ynpaBneHue, B KOUTO
BKITHOYBAHETO Ha XMApaBnnyeH akyMmynaTop Cnyxu 3a unTbp Ha AMHAMUYHUTE Nyncauumn Ha
HansraHeTo.

'8-3. Avrenos Nn., An. MutoB, M3criedsaHe enusHuUemo Ha rnodrnopeH KrarnaH
8bpxy OUHaMUYHUME XapakmepucmuKku Ha HalnseaHemo 8 cucmema ¢ 6bp30
npesknYsauw, pasnpedenumersi ¢ uaumarsHo yrnpasneHue, Hay4yHa koHdepeHuus

C MexgyHapogHo yyactne “EM® — 2012”, Cosonon, ISSN 1314-5371, C6opHuK

aoknagu, 1.2, ctp.146+151, 2012.

Peslowme:llpeactaBeH e CUHTE3 Ha CUMynauMoHeH Mogen noaxogsw, 3a
TEOPEeTUYHOTO N3creaBaHe Ha JUHAMUYHOTO M3MEHEHME Ha HansiraHeTo B NpaB TpbbonpoBoa
C NpeaBKNYEeH TpUMbTEH [ABYMNO3MUMOHEH  Obp30 NpPEBKMOYBALL, pasnpedenuten c
aurntanHo ynpaeneHue. Ha 6asa Ha TO3M Moen e HamnpaBeH aHanmM3 Ha BUSIHMETO Ha
noanopeH KnanaH BbpXy AWHAMWUYHOTO W3MEHEHME Ha HansAraHeTo B €KCNnepuMeEHTasnHus
Tpbbonposoa. C orneg MMHUMU3NMPAHETO HA EHEPTUAHMUTE 3arybu B CUCTEMUTE C OUTUTANHO
ynpaBneHne u 3anasBaHe BMABLT M opmaTa Ha XapakTepucTvkaTa Ha HansiraHeTo ce
npenopbyBa BKITOYBAHETO HA NOAMOPEH KnanaH, KONTO € HacTpoeH B nHTepsana ot 0.1+0.5
MPa.

8-4. Avrenos Wn., An. MutoB, U3scrnedeaHe enusHUemo Ha €OHOBPEMEHHO
BKJTIOYEHU Xudpaessiu4yeH akymyramop u rodrnopeH KnanaH 6bpXy OUHaMu4yHume
XapakmepucmuKku Ha HalsleaHemo 8 cucmema C 6bp30 rpeeskYsaw
pasnpedenumesi ¢ duaumarnHo yrnpaeneHue, HaydHa KoHdepeHuna “PY n
CY'2012”, Pyce, Hayuynn Ttpypose, ISSN 1311-3321, 1.51, c.1.2., ctp.120+125,

2012.

Pe3tome: B pabotata ce mscnegsat AMHAMUYHUTE MPOLIECU HA M3MEHEHWME Ha
HansAraHeTo Bb3HMKBALM B OTHOCUTENHO AbMAbr TPbLOOMNPOBOL C Manko cedyeHve npu
n3nonssaHeTo Ha 6bp30 MpeBKMYBALL, TPUMNbTEH OBYNO3UMUMOHEH (3/2) xmuapaBnuyeH
pasnpegenuTen C AurMTanHo ynpaeneHne Ha Bxoga My. OCHOBHa Len nocrtaBeHa OT
aBTOpUTE € [Ja Ce aHanuanpa BIIUMSHMETO Ha €eOHOBPEMEHHO BKITOYEHWM XuApaBrndeH
akymMynaTop W NOAMOPEH KnanaH BbpXy M3MEHEHNETO Ha HaNsirAHETO B AMHAMUYEH PEXUM.
N3cnegBaHaTa KoMOMHALMA Ha BKKOYEHM B cUCTemMaTa XuOpaBNWYeH akymynatop Wu
noAanopeH KnanaH npv KOHCTPYKTUBHM 1 HACTPOEYHN NapaMeTpu Nokasea, Ye € Bb3MOXHO Aa
ce NOoCTUrHe CbOTBETCTBME MeXAy Buaa 1 hopmaTta Ha BXOOAHWUS (MO ynpaBneHne) n n3xogHns
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(no HansiraHe) curHanu, KOeTo OT CBOS CTpaHa Lie AoBede A0 BUCOKU HMBA Ha eddEeKTUBHOCT
Ha perynupaHeTo, KakTo B pasrnexaaHaTa XuapasnuyHa 3aaBukBealla cuctema ¢ AMruTanHo
ynpaeneHune, Taka v B Apyrv XuapasnuyHu 3a[BWKBaLLM CUCTEMUN peanvanpaHmi ¢ TO3M HauuH
Ha ynpasneHue.

8-5. Arvrenos Wn., An. MurtoB, M3criedgaHe enusHUemo Ha amnnumydama Ha
8X00HUS yripassnsieaw, cueHas 8bpxy suda Ha OUHaMUYHUME XapakmepucmuKu Ha
HanszaHemo 8 cucmema ¢ 6bp30 npeekyYeaw, pasnpedenumern ¢ OueumarHo
ynpasrneHue, xulpasnuyeH akymynamop U roonopeH KnanaH, HayyHa

KoHpepeHuna “PY n CY'2012”, Pyce, Hayunn tpygose, ISSN 1311-3321, 1.51,

c.1.2., cTp.126+131, 2012.

Peslome: B cratuaTta ce uscnegBat guMHaMUYHUTE MPOLECUM HA M3MEHEHME Ha
HansaraHeTo Bb3HMKBALLM B XMApaBIM4YHa cuctTeMa BKnioveala Tpbbdonposog cebp3aH ¢ 3/2
XNOpaBnvyeH pasnpegenuten C OUrnTanHo ynpasneHue, XuapasfvMyeH akymynatop u
noanopeH knanaH. OcHOBHa Len e ga ce uacnegsa v aHanuaupa BrMstHUETO Ha rofieMmHaTta
Ha amnnuTygaTta Ha BXOL4HUA ynpaBnsiBall, CUrHan BbpXy M3XOASALWMSA CUrHan no HansraHe B
eKkcnepvMeHTanHaTa cuctema.

8-6. AHrenos Un., An. MuToB, /3cried08aHe usmMeHeHUemo Ha HassieaHemo 8 0e8a
cumempuyHu napanesHu mpbbornposoda c rnpedskyYeH pasnpedenumersn C
OueumanHo ynpaeneHue, MexayHapogHa HayvyHa koHdepeHuus “YHntex 20127,
Mabposo, ISSN 1313-230X, C6opHuk goknaawn, 1.2, c1p.281+286, 2012.

Pe3tome: B pabotata ce mscnegsat AMHAMUYHUTE MPOLIECU HA M3MEHEHWME Ha
HansraHeTo Bb3HMKBALLUM B XuApaBfMyHa cUCTEMa CbCTosia ce OT ABa Tpbbonposoga
CBbp3aHM KbM 3/2 xvapaBrnuvyeH pasnpenenqten ¢ AUrMTanHo ynpasrieHue, XvapaBrivyeH
akymynartop un nognopeH knanaH. OCHOBHa Len € aa ce nscnegsa v aHanuanpa BAMsSHUETO
Ha Ob/DKMHUTE Ha [gBaTa ekcnepuMmeHTanHu TpbbonpoBoga BbpXy AMHAMUYHUTE
XapaKkTepUCTUKM Ha HansaraHeTo B eKCnepuMMeHTanHarta cucrema.

8-7. Awrenos Wn., An. MwuTtoB, M3credsaHe Ha OuHaMu4HU rfpouecu 8

xudpaenu4yHa cucmema C Uugpposo ynpaesieHUe Ha  U3MbJHUMESTHOMO

ycmpotcmeo, HaumoHanHa koHdepeHuus ¢ MexgyHapodHo ydvactue ,CnvBeH

2013% CnueeH, cn. TonnotexHuka, ISSN 1314-2550, kHura 2, ctp.60+64, 2013.

Pe3tome: N3cnegsaHa e xvgpaBnuyHa cuctemMa ChbCToswa ce OT ABa napanesiHo
3axpaHBaHuM 3/2 XuapaBNUYHM pasnpedenqTensi, BCEKM OT KOUTO € CBbp3aH C Mpas
TpbbonpoBoa. Ha m3axoga cu TpbbonpoBoanTe 3axpaHBaAT W3MbIIHUTENHO YCTPOWCTBO, a
Mexay BCeku pasnpedenuten n TpbbonpoBO4 Ca BKMNKOYEHW nocrnegoBaTenHo gpocen ¢
NMOCTOSIHHO CeYeHue, U XngpasnuyeH akymynaTtop. [peactaBeHn ca pesyntaTi Nokasealum
peakuMaTa Ha M3NbIAHUTENHOTO YCTPOMCTBO BbB BUA Ha NPexodeH npouec, BCrneacTene Ha
CVHTE3 Ha cMMynaumoHeH mogen. MacneaBaHusTa ca HaCoOYeHU KbM aHanu3 Ha BIMSIHUETO
Ha YecToTaTa Ha BXOLHWUSA yrpaBnsBaLll LMGPOB CUrHaN Bbpxy peakuusaTa Ha XmapaBimdHOTO
N3NbIHUTENHO YCTPONCTBO B AUHAMUYEH PEXUM.

8-8. Anrenos Wn., An. MutoB, OueHka kadyecmeomo Ha pezaynupaHe npu
uscnedsaHe Ha MpPexoo0HU [Mpouyecu Ha U3MbIIHUMESIHO ycmpoucmeo 8
xudpasnu4yHa cucmema C yugpoeo yrpaeneHue, HaydHa KoHdepeHumnsa c
MexayHapogHo yyactue “‘EM® — 2013”, Cosonon, ISSN 1314-5371, CGopHuk
aoknagu, 1.2, ctp.101+108, 2013.

Peslome: B cratmata e wu3cneaBaHa XxuppaBnuyHa 3agBukBalla cuctema
CbCTOSILLA Ce OT ABa NapanenHo 3axpaHBaHu 3/2 XxMapaBnuyHu pasnpeaenuTens n3xoaa, Ha
KOUTO e CBbp3aH KbM TpbbonpoBoa. Ha m3xoga cu TpbbonpoBOoauTE Ca CBbpP3aHU KbM
N3NbITHUTENEH LUMNUHODBP, @ MeXay BCeku pasnpegenuten n TpbbonpoBon ca BKNHOYEHU
APOCENN C MOCTOSIHHO CeYeHne M XxuapaenuueH akymynartop. lpepcraBeHu npexogHuTe
npouecn OT peakumsita Ha W3MbIHUTENHOTO, MOSlydeHU Cred CUHTE3 Ha CUMYynaumMoOHEeH
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mogen. MacnegBaHusTa ca HAaCOYEeHN KbM OLIEHKA M aHanu3 Ha Ka4yecTBOTO Ha perynunpaHe
npu pasnn4Hun CTOMHOCTW Ha X04a Ha U3MbJTHUTENHOTO yCTpOIZCTBO.

8-9. Avrenos Wn., An. MutoB, OnpedensHe KoeghuyueHma Ha ycuseaHe rpu

uscrniedeaHe Ha npexodHU rpouecu Ha U3MbAHUMESIHO ycmpolcmeo 8

xudpaenu4Ha cucmema ¢ yughpoeo yrnpaesneHue, HaydyHa koHdpepeHums “PY n

CY'2013”, Pyce, Hayynu Tpymose, ISSN 1311-3321, 1.52, ¢.1.2., cTp.74+78, 2013.

Pe3tlome: B HacTtosiuata pabota e npeacraBeHa MeTogvka 3a onpegensiHe
KoeduumeHTa Ha ycuneaHe, abcontoTHaTa M OTHOCUTENHA rpellka B MO3ULMOHUPAHETO,
crnopeq KOSITO nokasaTenute ce oueHsABaT OT nNpexoaHus npouec. MscnegsaHnte npexogHu
XapakTepUCTUKN MNPEeACTaBnaBaT peakumMs Ha W3NbIHUTENHO YCTPOMCTBO MPWU PasfvyHu
4YeCcTOTM Ha BXOLHUA ynpaBnsiBaly, LMGPOB CUrHamM 1 C pasnnyHn CTOMHOCTWN Ha HErOBUS XOA.
XapakTepucTMkuTe ca nonydYeHn BCreACTBUME HA CUMHTE3 Ha MaTeMaTU4eH CUMyIaunoHeH
MOZeNT Ha uacregBaHa ekcrnepuMeHTanHa ypenba, OocHoBaBalla ce Ha ynpaBreHue Ha
N3NbITHUTENHO XWMAPABIIMYHO YCTPOMCTBO 4pe3 [Ba WM MNoBeye napanenHo 3axpaHBaHW
TPUNBTHU, ABYNO3NLMOHHN XUAPABNNYHN pasnpeaenuTens, KOMTo 3axpaHeBaT U3NbIHUTENHO
YCTPOWCTBO.

8-10. Axrenos Wn., An. MwutoB, XudpaenuyHa 3adsuxsawa cucmema 3a

mpbbooebeawa MawuHa, MexayHapogHa HayydHa koHdepeHumns “YHmntex 20137,

abposo, ISSN 1313-230X, C6opHuk goknaawn 1.3, cTp.354+359, 2013.

Pestome: PasrnegaHaTta B HacToswaTa paboTta xmgpasnuyHa MalumHa 3a orbBaHe
Ha nebenocteHHn Ge3weBHN TPbOM e obopyaBaHa C YCTPOMCTBO 3a AOMbITHUTENHO yCcunuve,
KOeTOo Ja ce Aa ce NoAAbpKa MOCTOSAHHO NO BPEME Ha TEXHOMOMMYHUS nNpoLec. YCTPONCTBOTO
Ce CbCTOM OT XMApaBANYEH LUNNNHOBP C eNeKTPOXMAPaBIIMYHO yNpaBneHne rno OTHOLEHMe
Ha ynpaBnsiBalMTe pasnpedenuTerniHuM YCTpoWcTBa. HegoctatbuMTe Ha CblUecTByBallaTa
CMCTEMa ce CbCTOAT B YyAapHM HaTOBapBaHMs B Kpas Ha Xo4a Ha oOrbBawata maca u
HEBB3MOXHOCTTA 3a MOCTUraHe Ha MOBTOPSIEMOCT Ha TOYHOCTTA Ha NpenBapuUTENHO
3afafeHnTe TEXHOSMOMMYHM napamMeTpu, Kacaelwm 3oHaTa Ha orbBaHe. [lpeacrtaBeHo e
peanuavpaHo nogobpeHne Ha CbllecTByBallaTa XuapasBnuMyHata cucTtema, NocTurallo
NMOBTOPSAEMOCT Ha TOYHOCTTA Ha MO3MLMOHUPAHE MO BPEME Ha TEXHOMOIMYHWUA NpoLec Ha
OorbBaHe, peanuanpaHo 4Ype3 BrpaxgaHe Ha OONbIHWUTENHU XWOPaBMUYHM YCTPOWCTBA.
M3BbpLUEH € eHeprneH aHanua Ha cuctemara.

8-11. Angelov, Il., Al.Mitov, Research analysis of dynamic processes occurring in
pipelines with digitally controlled hydraulic valve, 9" Interational Fluid Power
Conference, 9" IFK'2014, ISBN 978-3-9816480-1-0, pp.543+553, RWTH Aachen,
Germany, 2014.

Pe3tome: M3cnegBaHa e xvapaBnuuHa 3agBuKBalla CUCTEMa CbCTosWa ce OT
TPMNbTEH ABYNO3NLMOHEH ObP30 NPEBKYBALL, XMAPABIMYEH pasnpeaenuTen, Ha n3xoaa Ha
KOMTO € CBbp3aH OTHOCUTENHO Abnbr TpbbonpoBoa ¢ manko ceveHue. lNpeacraBeHn ca
pes3yntatm nokasealiM [OUMHAMUYHOTO W3MEHEHMEe Ha HanaraHeto U gebuta B
ekcnepuMeHTanHus TpbOonpoBod, BLB BWA Ha BPEMEBM XapaKTEPUCTUKW, MNOMNyYeHu
CneacTBME Ha CUHTE3 Ha CUMynauMoHeH mogern. Bb3 ocHoBa Ha ekcnepuMeHTanHm gaHHu
TO3N Moaen e BepuduumMpaH U YCbBBPLUEHCTBAH, C Len Aa O6baaT M3BbpLUEeHN peauua
CaMOCTOATESTHN U3CneABaHNsi HACOYEHM KbM KONMMYECTBEHA OLieHKa Ha BNUSIHUATA, KaKToO Ha
OOMbITHUTENHO BKMOYEHW XMAPaBIMYHM YCTPOWCTBA, Taka WU Ha napamMeTpuTe Ha BXOLHUSA
ynpaensBaLy, cUrHan BbpXy NPexXoAHUTe XapakTepucTukun. N3pbplueH e aHanms obobLyasaly
Te3n uacnenBaHusi, ¢ Len Aa YTBbPAST U OKAYeCTBAT CUCTEMUTE C AUMMTANHO ynpaBrieHne
KaTo ePeKTUBHO-NPUNOXUMM B yNpaBnsaBallnuTe BEPUrM Ha OTHOCUTENHO Marku, CpeaHu 1
rofiemMum No MOLLHOCT XMAPaBNYHM 3a4BUKBaHUS.
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8-12. Angelov, Il., Al.Mitov, Analysis of transient processes of actuator device in a

hydraulic system with digital control, International Conference “Mechatronics’'2014”,

ISBN 978-91-7063-564-9, p.141+150, Karlstad, Sweden, 2014.

Pestome: Bb3 ocHoBa Ha nonyveHus paboTeH ekcnroaTauuMoHeH AguanasoH Ha
HansraHeTo B ABaTa NapanenHu TpbbonpoBoaa 1 B CbOTBETCTBUE C N3BOAUTE 3a yNpaBreHue
no p[ebut, B cuctemMata € BKIHOYEHO U3NBAHUTENTHO YCTPOMCTBO. YCTPOWMCTBOTO
npeacTaBnsiBa [OBOMHO-AEWCTBALL, PaBHOMMOLWEH XUAPaBNMYEeH UWNUHABP, KOWTO ce
3axpaHBa €OHOCTpaHHO OT ABaTa napanenHu KoHTypa. Ha maxoga Ha yCTpOWCTBOTO €
CBbp3aH noAanopeH knanaH. M3BbplIEHO € YCbBbpLUEHCTBAHE HA CUMYMALMOHHUS Mogen,
KOeTo AaBa Bb3MOXHOCT [a Ce M3crnedBa peakumsita Ha U3MbIIHUTENHOTO YCTPOWCTBO C
pasnMYyHN CTOMHOCTW Ha HEroBUS XOA4 MpM pasfnMyHU YEeCTOTU Ha BXOLHMSA ynpaBnsBaly,
curHan. Ha 6asa Ha npeactaBeHUTe NpexofHu NpoLecH e n3BbpLUeHa OLeHKa Ha Ka4yecTBOTO
Ha perynupaHe Ha nscrnegsaHarta xugpaenuyHa cuctema ¢ LMgpoBo yrpasrneHue.

'8-13. Anrenos Mn., An. MuTtoB, V. Kpanes, MdeHmucpukayusi Ha xudpasnuyHa

3adsuxeawa cucmema C yugposo yrpaseneHue Ha - U3MbJIHUMEIHOMO

ycmpolcmeo, HaumoHanHa  KOHepeHuus C  MexayHapodHO — y4yacTtue

,CnueeH 2014, CnueeH, cn. TonnotexHuka, ISSN 1314-2550, kHura 3, cTp.53+58,

2014.

Pestome: B HacTosiwaTa paboTta e nokasaH CTPYKTYpHO NMPOMEHEH HacTponBaeM
MoAen, KOWTO AaBa Bb3MOXHOCT 3a uaeHTudmkaumsa no npexodeH npouec oT peakuusi Ha
N3NbITHUTENHO YCTPOWMCTBO Ype3 BbBEXAAHETO Ha YacTMyHA HENMHENHOCT BbB BbTpeLLHa
obpaTHa Bpb3ka. 1o To3M HauMmH e oueHeH konebaTenHo-3aTMXBalLUMS XapakTep Ha
npexogHnsa npouec Ha 6asa Ha npomeHnuBa egHomepHa yHkumsi. OCHOBHa Len e ga ce
aHanuanpaTt npexogHuTe Mnpouecu OT peakumsi Ha W3cregBaHOTO YCTPOWCTBO, KOUTO ca
OLeHEHN KaTO Ka4eCTBO Ha perynupaHe n HeroeuTe nokasarenu. OcBeH ToBa M3BbPLLUBAHETO
Ha naeHTMdUKaLmMs Ha cuctemaTa No NPEXodHN NPoLEecK Cryxun kato 6asa 3a No-HaTaTbLUHK
n3crnenBaHus MMalum 3a Len ga ce onpegenu npegapartenHaTta yHKUMS Ha cuctemata u
YECTOTHUTE N XapaKTEPUCTUKN.

8-14. Aurenos Wn., An. MutoB, CpasHumerneH aHasiu3 Ha pe3ynmamume

nonydyeHu om udeHmudbukayusima Ha xudpaenuyHa 3adsuxsawia cucmema C

uugpoeo ynpasneHue, HaydHa koHdepeHums ¢ mexagyHapogHo ydactune “EMO —

20147, Cosonon, ISSN 1314-5371, C6opHuk goknaaum, 1.2, ctp.110+118, 2014.

Peslome: HacTtoswaTa cratua e cneacteme OoT noeTanHo peanuavpaH Noaxosd 3a
noeHTMdMKaums Ha XxuapaBnuyHa 3adBwKBalla cucTtema C LMGPOBO yrpaBrieHne 4pes
yucneHa anpokcumaums Ha AUMHaMUMYHKM npouecu. [uHamMuyHuTe npouecu BbB BUMA Ha
BPEMEBU XapakTEPUCTMKM ca MosflydeHn Ha 6asa Ha M3BECTEH OT MpPeaxodHW uacrenBaHus
HEeNnMHeeH MaTemMaTU4yeH CUMYyNauMOHEeH MOAEN Ha eKcnepuMMeHTanHa nOoCTaHOBKa.
MpeacrtaBeHa e UANOCTHUS Noaxon 3a naeHtTudukaums. M3BbplleH e cpaBHUTENEH aHanmsa
Mexgy pesyntatute oT uaeHTudmkaumata u Te3n nofyyYeHn OT HENMMHEMHUS MaTeMaTu4eH
CMMynauuoHeH Moaen, OT rnefHa TOYKa Ha KayecTBO Ha perynupaHe Ha uacnepBaHaTta
cuctema.

'8-15. Axrenos Wn., An. MuToB, . Kpanes, XudpasnuyHa 3adsuxsawa cucmema

C eKmo4yeH oOuckpemeH [T peaynamop u umnyrncHa Mmodynauyusi, HaydHa

KoHpepeHuna “PY n CY'2014”, Pyce, Hayunn tpygose, ISSN 1311-3321, 1.53,

c.1.2., ctp.213+219, 2014.

Pesome: Bcnegctenme Ha nopegvua  OT  CMMYNAUMOHHM  M3cnedBaHusA  Ha
eKcnepuMeHTarnHa NocTaHoBKa C U3MbIHUTENHO YCTPOMCTBO 3a4BWXKBAHO NOCPEACTBOM ABa
TPUNBTHU OBYNO3MLMOHHN pasnpeaennTens 3axpaHBaHu B napanesn, KbM BCEKM OT KOMTO €
cBbp3aH TpbbONpoBOA, B HacTosLaTa paboTa ce pasrnexaa ekcrnepMMmeHTanHa nocraHoBka
c BkntoveH MW perynatop 1 umnyncHa mogynaums ¢ domkcupaHa Yyectota. OcHoBHa Len Ha
HacToswaTa paboTa e fa ce nokaxe egHa Bb3MOXHOCT 3a ynpaBrieHUe Ha pasrnexaaHarta B
npeaxogHn paboTy xngpaenumyHa cuctema npv ynpaBneHne B 3aTBOPEH KOHTYP C AUCKPETEH
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MNL perynatop, Kato noka3Ba HeroBaTta CTpPykKTypa M paboTocnoCoBHOCT. AHanM3bT Ha
paboTocnocobHoCTTa Ha perynaTopa € U3BbpLUEH Bb3 OCHOBa Ha CUMYNaUMOHHN NPEeXOoaHM
XapakTepUCTUKN OT peakumsiTa Ha U3MbIHUTENHOTO YCTPOMCTBO MO BPEME Ha crefeHe Ha
CTbNanoBMAHO 3aJaHue.

8-16. Angelov, ll., Al. Mitov, Research of the dynamic pressure variation in

hydraulic system with two parallel connected digital control valves, International

Journal of Application or Innovation in Engineering & Management (IJAIEM), Vol. 4.

Issue 7, ISSN 2319 — 4847, pp.176-181, 2015.

Pe3tome: V3cnegBsaHa e xvapasnuyHata 3agBukBalla CUCTEMA, KOSTO Ce CbCTOU
OT gBa npaBu TpbbonpoBoga 3axpaHBaHW OT ABa OTAenHW 3/2 xuapaBnnyHuM 6bp30
npesknoYBaLln pasnpegenutens. Mexay Bceku pasnpegenurten u TpboonpoBos € cBbp3aH
XnapaenuyeH gpocen ¢ NOCTOSIHHO ceyeHne. Pesyntatnte nokassaTt AMHAMUYHO N3MEHEHUE
Ha HanaraHeTo B TpbOONPOBOAUTE BbB BUA HA MPEXOOHU XapakTePUCTMKX NOSTyYeHn Ha H6a3sa
Ha paspaboTteH cumynauuMoHeH mogen. M3cnegBaHuaTa uMmaTt 3a uen ga aHanuaupart
BNUSHMETO Ha APOCESTHOTO CeYeHue, KakTo U Ha (has3oBOTO M3MECTBaHE B ynpaBnsiBawms
CUrHan Ha pasnpegenuTtenuTe BbpXy XapakTeEpUCTUKUTE Ha HanNsaraHeTo B ABaTa NaparnesnHu
Tpbbonpoeoga. Pesyntatnte oT HaCTOALOTO U3creaBaHe ca WU3MNOof3BaHU KaTo OCHOBA 3a
narpaxkgaHeTo Ha UMpoBU XMapaBnnyHM CUCTEMU 3a 3a4BWXKBaAHE U ynpaBneHue.

lll.2. U3scnegBaHe Ha eneKTPoOXMapaBANYHN YCTPOMCTBA U CUCTEMU.

8-17. Angelov, Il., Al. Mitov, Test Bench for Experimental Research and

Identification of Electrohydraulic Steering Units, 10" International Fluid Power

Conference, 10" IFK'2016, ISBN 978-3-9816480-1-0, pp.225+236, TU-Dresden,

Germany, 2016.

Pe3tome: B pabotaTta ca nokasaHn CXeMHO peLleHne, KOHCTPYKTUBHO U3MbIIHEHWE
1 KOMNaHOBKA Ha CTeH[ 3a u3cregBaHe Ha enekTpoXMapaBnMyYHU KOPMUIHW YNpaBrieHns Tvn
OSPE 200. Peanusaumsta Ha cTeHda € Bb3 OCHOBa Ha M3BbPLUEHUSA B npeaxogHa paboTta
CMHTE3 Ha OCHOBHUTE XUOPABMUYHU N KOHCTPYKTUBHM NapameTtpu. lNpeacraBeHn ca cxemara
Ha CBbp3BaHe Ha KOMMOHEHTUTE u3rpaxaallm cuctemaTa 3a undpoBO ynpaBreHne, Kakto 1
CTPYKTypHaTa cxema Ha 3aTBopeHus KOHTyp. [lokaszaHo e pa3paboTeHOTO nporpamHoO
ocuUrypsiBaHe Ha cuctemarta npu peanusauusata Ha pasnuyHn BuaoBe perynatopu. Bba
OCHOBAa Ha eKCNepPUMEHTANHO N3MepPeHU NPexXoaHMUTE NPOLIECH € N3BbpLLEHA AeHTUdMKaLNS
Yypes oueHsiBaHe Ha pa3nuyHun mogenwu. MNMpeacraBeHn ca CTpyKTypaTa M Bb3MOXHOCTUTE Ha
MogenuTe oT MAeHTUMUKaLMS, KakTo U NnpoLeaypuTe 3a TaxHaTa Banugaums.

'8-18. MuToB, An., V1. Kpanes, Un. AHrenos, OnmumasiHa Hacmpolika Ha Uughposu

[MN-peaynamopu no nuHeapusupaHu Mooesiu 3a KOpMUJsIHa eflekmpoxudpasuyHa

3a0dsuxsawa cucmema, HaunoHanHa KOHepeHUMs C MeXAyHapOAHO yyacTue

,CnueeH 2016“, CnueeH, cn. TonnotexHuka, ISSN 1314-2550, kHura, ctp.30+35,

2016.

Pe3tome: /3BbpLueHn ca NnpoekTnpaHe u CMHTe3 Ha Tpu undposu MNA-perynaTtopa
Ha 6asa Ha MOOEernHO-OpUEeHTUPaH MOAXOA uYpe3 Tpu fNvHeapusMpaHu mMogena.
JInHeapusnpaHntTe mMogenu ca nonyvyeHn B npeaxogHa paboTta OT CbOTBETHUTE HESTMHENHM.
MonyuyeHnTte perynaTtopu ca BbBedeHn B Simulink® n e n3BbplueHa TAXHaTa onTumanHa
HacTpoMKka B YCNoBMs Ha uucrieHa cumynaumd. OnTUManHo HacTpoeHuUTe perynatopu oT
NMHeapuanpaHnTe Mogenu ca CpaBHEHM Mo KavyecTBO Ype3 PU3MYECKN EKCNEPUMEHT BbPXY
KOpMUIHa eNnekTpoxmapaBnMyHa 3aaBukBalla cucteMa ¢ LmMgposo ynpasneHune. N3sbplLueH
€ CpaBHUTENEH aHann3 Ha pesynraTuTe OT eKCnepuMeHTanHuTe uscneaBaHus.
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'8-19. Mutos, An., . Kpanes, Vn. Axrenos, CuHmes u onmumasiHa Hacmpolika

Ha yugposu lNN-peaynamopu rno ekcriepuMeHmarHu 4ecmomHU xapakmepucmuku

3a enekmpoxudpassiudHa  KopMmusiHa cucmema, HayyHa  KOoHepeHuus c

mMexayHapogHo yyactue “EM® — 2016”7, Cosonon, ISSN 1314-5371, C6opHuMK

aoknagm, 1.2, ¢tp.93+100, 2016.

Pe3tome: N3BbpLUeH e cMHTE3 Ha ABa nporpamupyemun umdposu MNMN-perynatopa
3a enekTpoxuvapasnuyHa KOpMUMHa cucTeMa npefHasHadeHa 3a 6aBHOXOOHW MOBWUNHM
MalwmHu. Perynatopute ce ocHoBaBaT Ha NnofyyeHn B npeaxogHa paboTta ekcnepyMeHTanHm
YeCTOTHM XapaKTepucTuka Ha wuscrefBaHata cuctema. Te ca BbBedeHW B cpeda Ha
MATLAB®/Simulink®, kbaeTo ca HacTpoeHu Ypes utepaTMBHa npoueaypa 3a onTUMU3aLVS.
OnTumManHo HacTpoeHuTe perynaTopy ca nporpamMmpaHn B KOHTponep 3a MOOWIHM
NPUNOXEHUS U ca CPaBHEHU MO KayeCTBO Ype3 PU3NYECKU eKCNEePUMEHT BbPXY KOpMUMHa
enekTpoxuapaBnuMyHa 3aABwxBalla cuctema C UMdpoBO YyrnpasneHve. W3BbplueH e
CpaBHUTENEH aHanu3 Ha pesyntatuTe MOoSlyYeHU B YCMOBUSA Ha eKCNepuMMEHT WU YucneHa
cvmynaums.

8-20. Mitov Al., J. Kralev, Il. Angelov, Digital cascade pressure and position
requlator for electrohydraulic steering system, HayyHa koHdepeHums “PY u
CY'2016”, Pyce, Hayuynu Tpypose, ISSN 1311-3321, cTp.183+189, 2016.

Pestome: B kackagHuTe CUCTEMM BBTPELUHUAT KOHTYP € C  MO-BUCOKO
Obp304eNCcTBME B CPaBHEHNE C NO-BBLHLUHUTE KOHTYpU. PerynatopbT B HEro ce HacTpomea
Haln-BeYe OT U3MCKBaHUATA 3a MakCMManHo 6bpP30JencTBME N NOTUCKAHE Ha CMyLlaBalLmTe
CUrHanu, a BbHLUHUTE KOHTYpM Ce HacCTpoMBaT cnope U3NcKBaHMsATa 3a TOYHOCT B yCTAHOBEH
pexum. OCHOBHa Len Ha HacToswaTa paboTa e Aa NpeAcTaBn NpoeKkTUpaHe U peanusaums
Ha uMdpOB perynaTtop € kackagHa CTPyKTypa BKroYBalla o6paTHU BPb3KU MO HansraHe u
no3vuns, npegHasHayeH 3a BrpaxgaHe B eneKkTpoxugpaBnuyHa KOpMuHa cuctema C
npunoxexHve B 6aBHOX04HU (HUCKOCKOPOCTHN) MOBUITHU MaLUHW.

rg-21. MuroB, An., Wn. Axrenos, W. Kpanes, [lpoy4eaHe u aHanu3 Ha

cbwecmesysawju CXeMHU peweHus Ha erlekmpoxudpassudeH ynpasnsasau, Mooyri

3a yugposo yrnpasreHue Ha xuodpas/udHU KOpMusHU ycmpolcmea, HaumoHanHa

KOH(bepeHuna ¢ MexgyHapogHo ydactme ,CnueeH 2017¢ CnwmeeH, cn.

TonnoTtexHuka, cTp.24+29, ISSN 1314-2550, 2017.

Pe3tome: V3BBbpLUEHO € MpOyYBaHE N aHanM3 Ha CbLUECTBYBALLM CXEMHU pELLEHUS,
KaKTO Ha KOHBEHLMOHAMNHN XMAPaBINYHM KOPMUITHA YCTPOMUCTBA 3a MOOUMHM MaLLNHW, Taka u
Ha BrpaxgaHuTe B TAX YNpaBnsiBaliyM enekTpoXuApPaBfvyYHU  MOOYNM  OCUrypsiBaLm
Bb3MOXHOCTTa 3a umMdpoBo yrnpasnenve. O6obLeHn ca npeaMMmcTBaTta U HegocTaTbuuTe Ha
XNOPABIMYHUTE KOPMUMHN CUCTEMU C KOHBEHLIMOHAMNHO XMAPOMEXaHNYHO yrpaBreHne, n Ha
Tesn C UMpPoBO enekTPoOXMApaBnNUYHO YynpasfneHne. AHanmMavMpaH € KOHKpeTeH Bupg,
enekTpoxngpasnuyeH ynpaesnasaw, moayn (PVE) n e npegcraBeH aHanMTuyeH MmateMaTuyeH
Modesl [gaBall Bb3MOXHOCT 3a MNO-HATaTbLWHOTO M3CnegBaHe Ha MNOBeOeHUEeTO W
XapaKTepUCTUKNTE Ha MOoAyna B YCINOBUS Ha YNCTIeHa cCuMynaLms.

'8-22. Mutos, An., . Kpanes, /n. AHrenos, ModenupaHe & cpeda Ha Simulink®

Ha enekmpoxudpasnuyeH yrnpaenseaw, Modyn 3a yugpoeo yrpasrneHue Ha

Xudpasnu4Hu KopMusiHU ycmpoticmea, Hay4yHa KoHdbepeHunsa ¢ MexayHapoaHO

yyacTtue “EM® — 2017”7, Cosonon, ISSN 1314-5371, Co6opHuk goknagu, cTp.77+86,

1.2, 2017.

Pe3tome: Bb3 ocHOBa Ha n3BbpLueHUTe B NpeaxogHn paboTtu npoyysaHe, aHanma
N MaTeMaTU4yHO MOAEenupaHe Ha KOHKpPETEH TWUM eneKkTpoxXuapaBnuyeH ynpasnssall, Moayn
(PVE) cnyxeLy 3a uMcpoBO ynpaBreHne Ha XuapaervyHn KopMunHn yctponctea (XKY), B
HacTosiwaTa paboTa e npeacTaBeHa peanusauuaTa Ha MaTtemaTuyHUS MoZern B cpefa Ha
Simulink®. M3ebplueHa e onTMMarnHa HacTpoika Ha BrpageH B Mogena uudpos ML
perynatop. [lpeactaBeHM ca pe3yntatM OT peakuusta Ha cnejsw, XvuapasnudyeH
pasnpegenuTen ynpasnsiBaH oT MOAyna.
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8-23. Mitov, Al., J. Kralev, Il. Angelov, Ts. Slavov, Identification and synthesis of

linear-quadratic regulator for digital control of electrohydraulic steering system, 11th

International Fluid Power Conference, 11" IFK'2018, ISBN 978-3-9816480-1-0,

RWTH Aachen, Germany, 2018.

Pe3tome: B paboTata e cuMHTe3upaH onTMManeH anroputbMm 3a ynpasrieHne Ha
eneKkTpoxuapaBnnyHa KOpMmUiHa cuctema Bb3 OCHOBa Ha MAEHTUdMKALUS HA MHOrOMepeH
Mogen, NMMHenHo-kBaapaTnyeH yHKLUMOHanN 3a kavecTBo 1 puntbp Ha KasimaH 3a oueHka Ha
CcbCTOSAHMETO. PaspaboTeH € nabopaTtopHUAT CTeHd, KOMTO BKIOYBA €eKTPOXMAPaBINYHO
kopmunHo yctponcteo (EXKY), xugpaBnuyeH cepsouunuuabp, 32-6UMTOB KOHTpoORep,
KOpMUITHA KOMOHAa M DKOWUCTMK. Knacuyecknsit noaxod 3a ynpaereHne Ha TakvBa CUCTEMM
npunara M 3akoH peanuanpaH B UnpoB BUA UNN KaTo XMapoMexaHuyHa obpaTHa Bpb3ka.
HacTtoswara cratusi cuHTe3npa MHOTOMEpeH perynaTtop, uenTta Ha KOMTO e Aa nogobpwu
KayecTBaTa Ha 3aTBOpeHaTa cucrtema.

'8-24. MuToB, An., LI. Cnasos, M. Kpanes, Un. AHrenos, J/luHeliHO keadpamu4yHO
yrpaeneHue Ha enekmpoxudpasnuyHa KopMusHa —cucmema, HayuHa
KOH(bepeHumna ¢ mexayHapogHo ydactme “Astomatmka - 20187, Cosonon,

FognwHmk Ha TexHuyeckn yHuBepcuteT — Codomns, ISSN 1311-0829, Proceedings

of Technical University of Sofia , Vol. 68, Issue 2, pp.242+254, 2018.

Pestome: Llenta Ha paGoTaTta € ga npeactaBu efvH Noaxod 3a ynpasreHune Ha
enekTpoxXnapaBnMyHa KopMuiHa cucTema, KOsiTo € nogxogsiia 3a 6aBHOXOAHWM MOOWUMHK
MalunHKW. 3aTBopeHaTa cuctema TpsibBa ga uma Bncoko 6bp3ogencteune, 6e3 npeperynupaHe
n 6e3 cTaTnyHa rpeLuka 3a uenusi paboTeH xon Ha U3MbITHUTENHUS XMOPaBAMYEH LMNNHAOBLP.
Bb3 ocHoBa Ha 3anucaHu gaHHM OT paboTaTa Ha KopMmunHaTa cuctema e MaeHTumumpaH
MHOromMepeH MoAen Ha anHamukaTa. To3n Mogen e BanuaumpaH Ypes3 HesaBucrMMa n3Bagka
AaHHW. CUHTe3npaH e NMHenHo-KBagpaTUYeH perynatop ¢ ountbp Ha KasmaH. PerynatopbT
e BrpageH B cneuuanusvpaH 3a MobunHu npunoxeHus 32-6utoB koHTporep Ha Danfoss.
MpencrtaBeHn ca eKkcnepuMeHTanHW u3cneaBaHWsa Ha 3aTBOpeHaTa CUCTeMa, KOouTOo
NnoTBbpXKAaBaT HEMHOTO Ka4yecTBO.

8-25. Auvrenos, Mn., An. MutoB, . Kpanes. CmeHd 3a u3cnedsaHe Ha

eniekmpoxudpassuyHa cucmema 3a KopmusiHa ypedba ¢ 4yscmeumesHocm 1o

HamoseapseaHe, HaydHa koHdepeHums ¢ mexayHapogHo ydactue “EM® — 20187,

Coasonon, ISSN 1314-5371, C6opHuk goknagu, ctp. 319+326, 2018.

Pe3tome: PaboTtaTta npeactaBa CXeMHO pelleHue, KOMMaHoOBKa M peanusauus Ha
HOB NnabopaTtopeH CTeHA 3a u3crnefBaHe Ha enekTpoxuapaBfMyHa cucTemMa 3a KopMUIHa
ypeaba ¢ 4yBCTBUTENHOCT KbM M3MEHEHME Ha BLHLLHOTO HaToBapBaHe (load-sensing meter-
in flow control circuit) Bbpxy nanbiHUTENEH CEPBO LUNMHABP. XnapasnuyHata 3agBukealla
cucTemMa peanusnpaHa Ha cTeHa ce CbCTOM OCHOBHO OT: perynupuema akcmanHo-oytanHa
nomna c perynaTop NO HansraHe, KOHBEHLMOHANHO XUAPaBNNYHO KOPMWUIHO YCTPOWCTBO,
pa3paboTeH xuapaBnuyeH GnoOK 3a ynpaBreHne Ha XuapaBfiMYHW KOPMWUITHM CUCTEMU B
pasnMYHN pexumMum 1M OBOMHOOEWNCTBAL, PaBHOMMOLWEH CcepBO uMnMHAbLbP. [lokasaHn ca
eKCnepuMeHTarnHu pesyntaTtu OT NyckaHeTo B AeNCTBME 1 M3bop Ha NoaxoAasiia CTPYKTypa Ha
cMcTeMa 3a ynpaBrieHue Ha cTeHaa.

8-26. Mutos, An., LI. Cnasos, V. Kpanes, Wn. Anvrenos. H. peaynamop Ha
eflekmpoxudpasrniudyeH ynpaenseaw, MoOys 3a UuppPoeo yripassieHue Ha
Xudpasnu4yHu KopMusHU cucmemu, HayyHa KoHdbepeHums ¢ MexayHapoaHO
yyactne “EM® — 2018”, Cosonon, ISSN 1314-5371, C6opHuK poknagwu, CcTp.
327+335, 2018.

Pestome: NpeactaBeH e anropuTbM 3a ONTUMAIIHO CriedeHe Ha No3vumsi OT CepBo
LUMNUHODBP B €eNeKTpoxXnapaBnmyHa KOpMUnHa cuctema, KOMTo e nosyydeH Ypes H,, CUHTE3 Bb3
OCHOBa Ha naeHTudukaums Ha MHoromepeH mogen. EkcnepumeHTanHuTe nscnegsaHus ca
N3BbPLUEHN HA NabopaTopeH CTeHA 3a U3NUTBaHE Ha KOPMUITHWM YCTPOMCTBA 3a MOOUITHK
MawuHu. MNMpeacTaBeHNST CbBpeMEHEH MEeToZ, 3a ynpasreHne No3BossaBa AOCTUraHe Ha no-
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BMCOKM NMOKa3aTesin 3a Ka4eCTBO Ha 3aTBOpeHaTa CUCTtemMa B CpaBHEHUE C KNnaCn4eckmute nna
3aKOHMN.

8-27. AHrenos, Un., H. Ctanuyes, An. MuToB. YcmaHoeka 3a eKcriepuMeHmaJsiHo

uscrniedeaHe Ha esiekmpoxudpasiudHu crnedsauwu cucmemu ¢ 06eMHo peayrnupaHe

Ha cKopocmma Ha U3Mb/IHUMesHUs MexaHu3bM, HayyHa  KoHdepeHuust ¢

MexayHapogHo yyactue “‘EM® — 2018”, Cosonon, ISSN 1314-5371, CGopHuk

aoknagu, cTp. 336+343, 2018.

Pesiome: [lpeactaBeHO € CXEMHO peLleHWe, KOHCTPYKTUMBHO W3MbIIHEHWE W
KOMMaHOBKa Ha ekcriepnumeHTanHa ypeaba 3a nscnefBaHe Ha eNeKTpoXvapaBnnyHm cnegswm
NMO3MLMOHHN CUCTEMN C OBEMHO perynupaHe Ha CKOpOCTTa Ha ABWXXEHME Ha pasnnyHn BUOoBe
xnapoasuratenn. Pa3paboTeHOTO CXeMHO pelleHMe [aBa Bb3MOXHOCT 3a MNpOMsHa Ha
paboTHUTE NapaMeTpu Ha XuapaBnuyHaTa 3adBukBalla cucrtemarta. [lpeanoxeHa e
MeToauKa 3a NpoBeXaaHe Ha eKcrepuMMeEHTanHU nuscnenBaHust Npu NpoMsaHa Ha BbHLUHOTO
HaToBapBaHe.

8-28. Mitov, Al., Ts. Slavov, J. Kralev, Il. Angelov, Investigation of robust stability

of electro-hydraulic control module for hydraulic steering system with linear-

quadratic regulator, MHK “PY n CY 2018”, Pyce, Hay4yHu Tpygose, ISSN 1311-3321,

2018.

Pestome: OcHoBHaTa Lien Ha HacTosilwaTta paboTa e Aa ce CuHTe3upa 1 peanusnpa
ynpaensasawo yctponcteo Ha EXKY, koeTo ga ocurypu pobactHa yCTONYMBOCT M pobacTHO
Ka4yecTBO Ha cuctemaTa 3a ynpasrneHue. 3a NocTMraHeTo Ha Tasu Len, Ha 6a3aTta Ha nony4yeH
ypes cpeacTBaTta Ha naeHTuduKaumsaTa MoOAen € CUHTe3MpaH NIMHENHO-KBaapaTuyeH aycos
perynaTop ¢ uHTerpanHo gencrene. PobacTHaTta yCTOMYMBOCT Ha cMCTeEMara 3a ynpasreHve
€ macriegsaHa c nomMoLuta Ha paspaboTteHus mogen Ha EXKY ¢ BxogHa mynTunnmnkaTMBHa
HeonpegeneHocT. CUHTE3NPaHUAT perynaTop € peannanpaH B 32-6MTOB KOHTPONEpP Ha CTeH,
3a u3cnegBaHe Ha €neKkTpoXuapaBnNMYHM KOPMUIHM yCTpomrcTBa. [lpoBeaeHn ca peauua
eKCrnepuMMeHTn ¢ paspaboTeHaTa cucTema 3a ynpasrneHme Ha EXKY.

r8-29. Mutos, An., W. Kpanes, L. Cnasos, Wn. Aurenos, MscrnedsaHe

pobacmHama ycmou4dueocm Ha ezgpadeH H. pesynamop 3a KopMusiHa

enlekmpoxudpasnuyHa 3adsuxeawa cucmema, HayyHa  KoHcbepeHums c

MexayHapoaHo yyactue “Astomatuka - 2019”, Cosonon, MNognwHmk Ha TexHuyecku

yHuBepcuteT — Codomsa, ISSN 1311-0829, Proceedings of Technical University of

Sofia , Volume 69, Issue 2, pp.325+334, 2019.

Pe3tlome: WscnegBaHa e pobacTtHaTa yCTOMYMBOCT Ha BrpageH pobacteH
perynaTtop B KOPMWIHA €enekTpoxXuapaBnMyHa 3a[BWKBalla CMCTEMa npegHasHayeH 3a
ONTUManHo crnefeHe Ha no3vumMst OT CepBO UMNMHABLP. PerynatopbT e nonyyeH ypes Hy,
CVMHTE3 U3BbPLUEH Ha Gas3a Ha MAeHTMdUKauMsi Ha MHoromepeH moaen. BbB Bpb3ka C
nscrnenBaHeTo Ha pobacTHaTa yYCTOMYMBOCT B MoeNna e BbBedeHa napamMeTpuyHa
HeonpegeneHocT. Hactoswara paboTa aokasea, Ye 3aTBOpeHaTa cucTema 3anas3Ba CBoOsiTa
YCTOMYMBOCT NPU HaNM4MeTo Ha BXOAHA MYNTUKIMKATUBHA HEONMpPeaeneHoCT Ablhkalla ce Ha
HaNU4MeTo Ha HEeNMHENHOCTUN B XMOPaBANYHUTE KOPMUMHM YCTPOMCTBA NpeaHasHaveHn 3a
GaBHOXOOHM MOOMNHM MawuHKU. EdeKkTMBHOCTTa Ha cuHTe3upaHus H, perynatop e
NnoTBbpAEHa eKCNepMMeEHTanHo Ha nabopaTtopeH CTeHA.

'8-30. Angelov, Il., Al. Mitov, P. Kyorgogov, Switch control algorithm of hydrostatic
power transmission applied to wind turbines, HaunoHaneH dopym ,[HM Ha
MexaHukata“, 23-Tv HauuoHaneH cemuHap No MexXaHuKka Ha HernpekbcHaTuTe
cpeon, MY ,®penepuk >Konno-Kiopn®, k. k. ,CB. cB. KoHcTaHTuH 1 Enena®, BapHa,
2019, cn. MexaHuka Ha mawwmnHuTe, Vol. 124, Issue 1, ISSN 0861-9727, ctp. 75+80,
2020.
Pe3lome: B ctatusita e npeActaBeH ynpasnsBall, anroputbm 3a 6e3cTeneHHo
NPeBKIoYBaHe Ha XMapasnudHM gBUraTenn Ha XxmapocrtaTtuyHa TpaHCMUCKS npegHasHadYeHa
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3a npegaBaHe Ha MexaHW4yHaTa eHeprus oT BATbpPHA TypbuHa KbM enekTporeHepaTop.
MNokasaHa e paspaboTeHata xugpasBnuMyHa cxema Ha nabopatopHa ycTaHOBKa 3a
eKcnepvMeHTarnHo wu3crnefBaHe Ha XugpocTaTuyHata TpaHCcMucUMs  nogxogswia  3a
NpunoXxeHue B eHeprumHn cuctemmn ¢ mowHoct o 200kW. B ocHoBaTa Ha ynpasnssaluus
anroputbeM e KoMOMHaTopHa 3aBMCUMMOCT 3a napanenHa pabota Ha XxuapaBnU4HUTE
ABuratenu B TpaHCMUCKATA B 3aBUCMMOCT OT TexHUsS paboTeH obem. ToBa AaBa Bb3MOXHOCT
3a CMHTe3 Ha TakbB BWA eHepronpeobpasyBaliy CUCTEMU B 3aBUCUMOCT OT OCHOBHUTE
eHepruviHM napamMeTpu, KakTo Ha xugpoctaTMyHaTa TpaHCMUCUS, Taka W Ha
enekTporeHeparopa.

'8-31. MuToB, An., V1. Kpanes, L|. Cnasos, Mn. Axrenos, BzpadeH pobacmeH L-

peaynamop 8 eflekmpoxudpasruyeH ynpasnseaw, Mooy 3a Uugpoeo yrpasreHue

Ha xudpaenuyHu KOpMUsIHU cucmemu, HayvHa KOHMepeHUMs ¢ MexayHapogHo

yyactne “EM® — 2019”, Cosonon, ISSN 1314-5371, COopHuK goknagwu, CcTp.

299+309, 2019.

Pestome: [lpoektmpaH e pobacTeH u-perynatop 3a eneKkTpoxuapaBnuyHa
KOpMWUHA cucTemMa, KOWTO € BrpageH B npomuwneH 32-OMTOB KOHTponep u e
eKcnepuMeHTanHo wuacnegBaH B nabopatopHu ycnoBusi. [poeKkTMpaHusaT perynaTop e
nonyyeH Bb3 OCHOBA Ha MHOTOMEpPEH MOAen B MPOCTPaHCTBO Ha CbCTOSAHMATA C BXO4Ha
MYNTUNMKATUBHA HEONPeAeneHocT, oTyMTalla HeMoaenupaHuTe AWHAMUYHU edeKTH,
AbIKallm ce Ha HEeNMMHENHOCTN B KOPMUIHATa cuctemMa. M3BbplueH e aHanu3 Ha pobacTHaTa
YCTOMYMBOCT M pobBacTHOTO KayecTBO. Peayntatute nokaseaT, 4e MNPOEKTUPAHUAT W
peanuavpaH p-perynatop Lie 3anasm cBOoeTo pobacTHO kayectBo npu 25% no-ronsima
HeonpeneneHocT 1 We 3anasu ceosTa pobacTtHa yctonumsocT npu okono 30% no-ronsma
HeonpeaeneHocT.

'8-32. Mutos, An., M. Kpanes, LI. Cnasos, Un. AHrenos, CpasHumerneH aHanu3
Ha pobacmHama ycmoldyugsocm Ha nuHelHo-keadpamuyeH u H. peaynamop 3a
eflekmpoxudpasiudHa KopMmusHa cucmema, HaumoHanHa HaydyHa KoHdpepeHuus
»{9 TOONHN Cb03 Ha y4yeHuTe B bbrnrapmsa — B nonsa Ha Haykata u o6pasoBaHNeTo”,
MLOY ,®pegepuk XKonumo-Kiopu®, k. k. ,CB. cB. KoHcTaHTuH 1 EneHa“, BapHa, ,
C6opHuk goknaawn, ISBN 978-954-397-045-2, c1p.222+228, 2019.
Pestome: Ctatnarta npeacrassi CpaBHUTENEH aHanu3 Ha pobacTHaTa yCTOMYMBOCT
Ha BrpageHuM cucTemMu 3a yMpaBlieHME Ha enekTpoXmapaBriMyHa KOpMUIHa cuctema
peanusmpanu ¢ LQG u H,, perynatopu. PobactHaTa yCTONYMBOCT € u3cnenBaHa ¢ nomoilra
Ha naeHTMdnKaumMsa Ha Moden B NPOCTPAHCTBO Ha CbCTOSIHUATA Ha KOpMUITHaATa cuctema c
BXOAHA MyNTUNNMKaTUBHA HEONPEenEeneHOCT, KOATO OTYMTa OTKIMOHEHUATa Ha napameTpuTe,
XapakTepusmpalim Bb3OENCTBMETO Ha YnNpaBnsBaliMsi CUrHam BbpXy CbCTOSHMETO Ha
mMogena. M3BbplueHuM ca peavua ekCrnepuMeHTM, KOMTO MOTBbpXKAaBaT KayecTBOTO Ha
enekTpoxuapaBnMyHaTa KopMunHa cuctema 3a ynpaeneHue. H, perynatopa noctura no-
Marka CTOMHOCT Ha CTPYKTYPUPaAHOTO CUHIynsapHo umcrno oT LQG perynaTtopa, KOeTo Nokasea,
ye pobacTHaTa YCTOMYMBOCT NPV HanuMyne Ha OrpaHU4eHn U3MEHEHMSI B MapamMeTpuTe Ha
MoZena ce yBenuyaea B cnydas ¢ H, perynatop. EdekTMBHOCTTa Ha gBaTa perynatopa e
NnoTBbpAEHA eKCNepMMeEHTanHo Ha nabopaTtopeH CTeHA.

'8-33. Mutos, An., . Kpanes, L|. Cnasos, Un. AHrenos, CmeHd 3a uscriedsaHe
Ha cucmemu 3a yrpaerfieHue Ha KOpMUJSiHa erfiekmpoxudpassiudyHa 3adsuxsawa
cucmema, HayyHa KoHbepeHuna ¢ mexagyHapoaHo ydactue “Astomatuka - 20207,
Cosonon, lNoanwHnk Ha TexHunyeckn yHuepcuteT — Codms, ISSN 1311-0829,
Proceedings of Technical University of Sofia , Vol. 70, Issue 4, pp.67+76, 2020.
Pe3tome: B pabGoTata ca npeactaBeHW pesyntatute OT MNPOEKTUPAHETO W
peanu3auusiTa Ha nabopaTopHa yCTaHOBKa 3a u3cnegBaHe Ha CUCTEMW 3a ynpaBreHue Ha
enekTpoxnapaBnMyHa kopmunHa ypenba 3a 6aBHOXOOHM MalLMHKU. M3BbpLleHa e npoBepka
Ha paboTtocrnocobHocTTa Ha paspaboTeHa OT aBTopuTe cCUCTEMa 3a ynpaBneHue Ha
eneKkTpoxngpasnuyHo kKopMusHo yctponcteo (EXKY), 6asmnpaHa Ha pobacTeH H,, perynarop.
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B cpaBHeHue ¢ apyrv nogobHu pa3paboTku, TyK ce n3nonssa AonbNHUTENHa obpaTHa Bpb3ka
no nosvuusaTa Ha nnyHxepa B NponopuuoHanHua xuapasnudeH pasnpegenuten (LVDT)
BrpageH B EXKY, ¢ nomowita Ha KOATO ce nocTtura no-gobpo kadecTBO Ha ynpasneHue.
CnHTe3bT Ha perynaTopa ce 6a3sunpa Ha pellaBaHe Ha 3ajada 3a CMeceHa YyBCTBUTENHOCT
no MHOroMepeH MoJen C Tpu wu3xoda W eauH BXod, MNofyvYeH CbC cpeacTeBata Ha
noeHtTndukaumnaTa. EkcnepumeHTanHuTe mscneaBaHus nokaseaT paboTocnocoBHOCTTa Ha
pa3paboTeHaTa cuctema.

17.02.2021r. Kanomoat:......ccoooeeviiiinnnnn.
Codounsa lan. ac. 0-p uHX. AnekcaHObp Mumos/
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SUMMARIES OF SCIENTIFIC PAPERS

Ch. Assist. Prof. Eng. ALEXANDER STOYANOV MITOV, Ph.D.
FOR PARTICIPATION IN THE COMPETITION FOR APPOINTMENT
TO AN ACADEMIC POSITION "ASSOCIATE PROFESSOR" IN THE
PROFESSIONAL FIELD 5.1. "MECHANICAL ENGINEERING" IN THE

SCIENTIFIC SPECIALTY "HYDRAULIC AND PNEUMATIC DRIVE

SYSTEMS"FACULTY OF POWER ENGINEERING AND POWER

MACHINES, DEPARTMENT OF HYDROAERODYNAMICS AND

HYDRAULIC MACHINES, PUBLISHED IN SG: ISSUE 100 FROM

24.11.2020.

The submitted works for participation in the competition include 49 scientific publications
other than those of the dissertation and 1 textbook co-authored.

A laboratory for research of electrohydraulic drive systems for steering systems of mobile
machines has been created. Most of the publications reflect the candidate's work under 9
research contracts (2 leadership by him) and the development of various laboratory test rigs
and laboratory setups that are implemented in the learning process.

The research activity has a scientific - applied and applied character. It covers the areas of
analysis, synthesis and experimental investigation of electrohydraulic drive and control
systems, simulation research of electrohydraulic devices and drive systems with digital control,
modelling and identification of electrohydraulic drive systems, development of classical and
advanced control techniques through programmable platforms, design and realization of
laboratory test rigs for experimental research of electrohydraulic steering systems (EHSS) with
possibility for assessment of the workability and performance of various embedded control
systems.

Different types of computing devices such as personal computers, programmable logic
controllers (PLC) and digital signal controllers are used in the implementation of control
systems. The experimental studies were performed with the help of specialized measuring
equipment enabling processing and real-time visualization of signals for different hydraulic and
mechanical values.

In this aspect, the summaries of the scientific papers are systematized according to the
presented author's references by performance indicators:

. GROUP B4: Habilitation work - scientific publications (not less than
10) in issues that are referenced and indexed in world databases
with scientific information (B4-1+B4-11).

Eleven of the publications [B4-1+B4-11], published in specialized scientific journals, which
are referenced and indexed in world-famous databases of scientific information (SCOPUS and
/or WoS), are included as equivalent to a monograph and can be summarize in the direction:

“Synthesis and implementation of embedded control systems for
electrohydraulic power steering for low-speed mobile machines”.

In modern mobile machines, the need for proportional electrical control of the steering
system is a consequence of the need for remote control via GPS. In addition, the
implementation of mechanical control with a variable steering ratio from the steering wheel to
the steered axle of the machine is often a sought-after function to improve productivity and
driver comfort. In this aspect, there is a growing need for the development of electrohydraulic
control modules (EHCM) serving for pilot digital control of hydraulic steering units (HSU), used
in steering systems for low-speed mobile machines with a maximum speed of up to 60 km/h.

In the automation of a number of industrial applications, proportional-integral-differential
(PID) laws are applied for control and development of cascade systems based on them.
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Initially, a synthesis of different Pl controllers obtained by different structural models
synthesized from experimental data, measured in the form of time and frequency
characteristics. The setting of the variants of the Pl controller is performed by iterative
optimization procedures, based on the of non-linear least squares method and in fulfillment of
specific requirements for control performance. This approach for control is presented in papers
[B4-1, B4-2, B4-5, B4-11].

In the electrohydraulic power steering systems for mobile machines it is necessary to use
feedback on various parameters, which is a consequence not only of the need for precise
positioning, but also due to the presence of external forces acting on the steered wheels, which
act as disturbances when cornering. In such multivariable systems, the setting of embedded
controllers is complicated by the presence of cross-connections between the channels.
Therefore, in the case of multivariable plants, control laws derived from optimality criteria on
the transfer matrix of the plant are more appropriate [B4-4, B4-8, B4-9, B4-10].

In addition, in the case of a remote control via a controller, the behavior of the machine
strongly depends on the embedded control algorithm (controller). The control performance for
this case can be improved by deriving a more accurate model of the plant. In mathematical
modeling, a compromise is always required between the complexity (determined by the order
of the dynamic components) of the model used and the accuracy of the approximation. In
complex models, it is more difficult to find important mathematical properties for control, and
more accurate models allow to achieve higher performance indices. Complex models are
usually suitable for analyzing the dynamics of the system, but are inconvenient for the design
of the controllers.

Two approaches are most often used to determine a mathematical model of an
electrohydraulic steering system - physical modeling or system identification. Physical
modeling requires in-depth knowledge of the structure of the plant and the relevant physical
parameters (flow-pressure characteristics, hydraulic resistances, volumes, geometry of the
control edges of the spools, etc.). Due to the lack of a priori information, a numerical model
obtained by an identification procedure based on experimental data, shown in detail in papers
[B4-3, B4-6, G8-23], is studied. Another reason for this approach is the ability to derive a noise
model that can be used to design an optimal Kalman filter. The purpose of the identification is
to arrive at a linear black box model which sufficiently well describes the dynamics of the
electrohydraulic steering system and the interfering disturbances for the entire working range.
To obtain this model, experiments were performed with the object in an open loop. The
sampling rate is chosen small enough. To provide the necessary excitation to the plant a
random binary signal (RBS) was used - obtained as a white Gaussian noise passed through a
relay element.

Based on the state space models obtained from the identification, multivariable controllers
have been synthesized - a linear quadratic Gaussian (LQG) controller, H= controller and a p-
controller. Their design, synthesis and implementation are presented in papers [B4-4, B4-8,
B4-9, B4-10].

In the design of an LQG controller based on an identification model, the assessment of the
condition is essential, as the state variables are not measurable and represent a complex
combination of physical variables of the plant. An observer algorithm has been designed to
evaluate the condition. However, the dynamics of the observer affect the dynamics of the
closed-loop system and must be carefully settled. The Kalman filter algorithm is a common
state estimator that adjusts observer dynamics by introducing a precise balance between
model signal uncertainty and measurable noise. However, it is necessary to know the noise
model. In addition, another advantage of the systems identification model is their statistical
characteristics, which allows the determination of the mentioned parameters required for the
synthesis of the Kalman filter.

The ultimate goal of embedded electronics in hydraulic devices is to improve performance,
safety and diagnostic capabilities (ISO 13849-1). Since hydraulic elements and drive devices
are designed for maximum energy efficiency, their designs are characterized by nonlinearity
in their modeling. The uncertainty caused by these elements can impair the sustainability and
efficiency of a closed-loop control system. Embedded algorithms must be carefully examined
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for uncertainty before embedding in the real machine. For this reason, studies have been
conducted on robust resistance and robust quality in works [B4-8, B4-9, B4-10].

For this purpose, an input multiplicative uncertainty has been introduced in the model, taking
into account the unmodelled dynamic effects due to nonlinearities in the electrohydraulic
steering devices. The system is represented as an M — 4 structure enabling to calculate the
structured singular number (n) of the closed-loop control system, which number is minimized
by a D — K iterative algorithm providing robust stability and robust performance of the entire
electrohydraulic drive system.

All results obtained during the synthesis of the controllers designed in simulation
conditions (represented by time and frequency characteristics) are validated
experimentally in the indicated works on the basis of the developed laboratory test rigs
for EHSS research, presented in papers [B4-1, B4-2, B4-7] .

Scientific papers Group B4:

B4-1. Mitov, Al., J. Kralev, Il. Angelov, Design of digital Pl regulators from

experimental frequency response of electrohydraulic steering system, 15th

International Conference on Electrical Machines, Drives and Power Systems

(ELMA), ISBN  978-1-5090-6690-2, pp.400+405, Sofia, 2017, DOI:

10.1109/ELMA.2017.7955472.

Abstract: The paper presents the setting of two digital PI controllers for
electrohydraulic steering system designed for low-speed mobile machines. The controllers are
based on experimentally measured frequency response of a steering system. This response
is approximated with two rational transfer functions. They are basis for design of corresponding
digital Pl regulators with iterative optimization procedure in MATLAB®/Simulink®. Regulators
parameters are programmed into a microcontroller for mobile applications and their
performances are compared through physical experiment on the steering electrohydraulic
drive system with digital control.

B4-2. Mitov, Al., J. Kralev, Il. Angelov, Investigation of model-based tuning of Pl

requlator for electrohydraulic steering system, The 9th International Congress on

Ultra Modern Telecommunications and Control Systems (ICUMT), ISBN 978-

1538634 34-9, pp.318+323, Munich, Germany, 2017, DOI:

10.1109/ICUMT.2017.8255165.

Abstract: The article presents the optimal setting of eight PI controllers with different
settings of their parameters, synthesized through a model-based approach. The parameters
of the controllers are determined by a numerical optimization procedure on the basis of derived
different simulation models based on experimentally obtained time and frequency
characteristics of the plant. The controllers are embedded in a microcontroller for mobile
applications and their results are compared experimentally when controlling the steering
cylinder piston position. The results show that the parameters strongly depend on the choice
of mathematical model describing the dynamics of electrohydraulic power steering system.
Despite the different mathematical structure of the model, physical experiments with different
controllers show similar perfomance analyzed by relevant performance indices.

B4-3. Mitov, Al., J. Kralev, Il. Angelov, Embedded Electrohydraulic Controller with

Digital Valve Actuation for Steering of Heavy Duty Machines, The 7th Mediterranean

Conference on Embedded Computing - MECQ'2018, ISBN 978-153865682-2,

Budva, Montenegro, 2018, DOI: 10.1109/MECO.2018.8406011.

Abstract: The embedded control system for EHSU of heavy mobile machinery is
designed. The purpose of the paper is to evaluate two digital Pl controllers designed for
embedded electro-hydraulic control module (EHCM) optimally tuned based on identified
nonlinear models - analytical model based on physical components implemented into the
construction of electrohydraulic steering unit (EHSU) - physical analogy model and nonlinear
autoregressive model (Nonlinear ARX). Physical analogy model is kind of “grey box” model
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where physical structure is predefined and the physical parameter values are unknown. The
non-linear ARX model is a “black box” model that describes only the input-output functional
behavior of the system.

B4-4. Mitov, Al., Ts. Slavov, J. Kralev, Il. Angelov, H-infinity Control of an

Electrohydraulic Power Steering System, 41st International Conference on

Telecommunications and Signal Processing — TSP - 2018, ISBN 978-1-5386-4695-

3, pp.690+693, Athens, Greece, 2018, DOI: 10.1109/TSP.2018.8441398.

Abstract: The paper presents an optimal reference tracking algorithm for
electrohydraulic steering systems which is based on multivariable system identification and H,,
controller. A laboratory test bench for experimental investigation composed of electrohydraulic
control module, hydraulic steering unit (HSU with steering wheel), steering servo cylinder, 32-
bit microcontroller and joystick supports experimental work. Software for implementation of
the designed H,, controller in the microcontroller of laboratory test bench has been developed.
Conventional approach for reference tracking in steering is usually based on classical PID
control law. In contrast, in this paper reference tracking is performed by using advanced control
techniques, which can take into account the multivariable nature of the process. In this way a
higher closed-loop performance is achieved.

B4-5. Mitov, Al., J. Kralev, Ill. Angelov, Cascade control algorithm of test bench for
studying load-sensing electrohydraulic steering systems, International Scientific
Conference on Aeronautics, Automotive and Railway Engineering and
Technologies, BulTrans-2018, Proceedings Matec Web of Conference, ISSN 2261-
236X, SJR:0.166, 2018, DOI: 10.1051/matecconf/201823402006.

Abstract: The paper presents the design and synthesis of a three-loop cascade
control system with a digital Pl controller intended for installation in a test bench for load-
sensing electrohydraulic steering units. The structure and layout of both the hydraulic system
and the control system are shown. The cascade control system consists of three controllers
for measurable variables: proportional spool valve position, steering velocity and steering
cylinder position. The developed control algorithm is embedded into a 32-bit microcontroller
for mobile applications. Experimental studies have been carried out to present the performance
of the entire electrohydraulic system. The experimental results confirm closed-loop
performance which is tested with two different reference trajectories typical for steering
applications — joystick generated and pre-programmed. The developed control algorithm will
serve as a basis for further study of the system with advanced control techniques
implementable in low speed mobile machines. The equipment of a variable displacement axial-
piston pump with a pressure controller (type “DR”), as well as the incorporation of modern
technical measuring instruments, enable the real-time measurement of a number of
mechanical and hydraulic parameters. This in turn contributes to the study of the energy
efficiency of the system with the inclusion of various hydro mechanical control devices of the

pump.

B4-6. Mitov, Al., J. Kralev, Ts. Slavov, Il. Angelov, SIMO System Identification of

Transfer Function Model for Electrohydraulic Power Steering, 16th International

Conference on Electrical Machines, Drives and Power Systems (ELMA), ISBN 978-

172811413-2, pp. 130+135, Sofia, 2019, DOI: 10.1109/ELMA.2019.8771571.

Abstract: The paper presents the identification procedure for obtaining of transfer
function model of an electrohydraulic power steering systems for low speed mobile machines.
The single-input, multiple-output (SIMO) system model was obtained based on experimentally
measured data from a laboratory test bench steering system. Proportional spool valve position,
flow rate supply and steering cylinder position output variables are measured in an open-loop
identification experiment. The identified SIMO model is validated with independent data-set
and reduced to third order transfer functions. The resulting model will serve for further work on
the synthesis of multivariable embedded controllers for the electrohydraulic power steering
systems.
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B4-7. Mitov, Al., Implementation of Embedded Three-Loop Control Algorithm for

Electrohydraulic Power Steering System, 16th International Conference on

Electrical Machines, Drives and Power Systems (ELMA), ISBN 978-172811413-2,

pp.136+141, Sofia, 2019, DOI: 10.1109/ELMA.2019.8771478.

Abstract: The paper presents the design, synthesis and implementation of a three-
loop cascade control algorithm with a digital proportional integral regulator intended for
installation in a modern electrohydraulic power steering systems for low speed vehicles. The
developed control algorithm is embedded into a 32-bit microcontroller of a laboratory test rig.
Embedded software has been developed, representing a structure of functional blocks,
generating executable machine code, as well as the subsequent input and launch on the
platform. The embedded procedure based on the PLUS+1 Guide (Danfoss) programming
environment suitable for the used microcontroller is detail presented. The study of the noise
generated by the sensors used in the experimental investigation is performed, as well as an
analysis of their accuracy.

B4-8. Mitov, Al., J. Kralev, Ts. Slavov, ll. Angelov, Robust Stability of Electro-
Hydraulic Power Steering System with H-infinity Controller, The 8th Mediterranean
Conference on Embedded Computing - MECQ'2019, ISBN 978-172811739-3,

Budva, Montenegro, 2019, DOI: 10.1109/MEC0.2019.8760060.

Abstract: The paper investigates robust stability of an embedded robust controller
for optimal reference tracking of electrohydraulic steering systems. The controller is
synthesized on the base of multivariable system identification and H,, cost function. In order
to describe the system in robust control framework a small uncertainty is introduced into the
model. Then the system is represented as a M — A4 interconnection which allows to calculate
the structured singular value (u) of the closed-loop system with the H,, controller. This singular
value is a measure of the loop stability in presence of bounded variations in the model
characteristics in frequency domain or in its parameters. The present paper proves that the
closed-loop system keeps its stability in presence of input multiplicative uncertainty caused by
the inherent nonlinearities in the hydraulic steering units. The performance of the H,, controller
is experimentally verified on laboratory test bench.

B4-9. Mitov, Al., Ts. Slavov, J. Kralev, Il. Angelov, Comparison of Robust Stability

for Electrohydraulic Steering Control System Based on LQG and H-infinity

Controller, 42st International Conference on Telecommunications and Signal

Processing — TSP - 2019, IEEE Conference, ISBN 978-1-5386-4695-3, pp.

712+715, Budapest, Hungary, 2019, DOI: 10.1109/TSP.2019.8769034.

Abstract: The paper compares the robust stability of two embedded controllers
applied in electrohydraulic steering systems - linear-quadratic Gaussian (LQG) controller and
H-infinity controller. Both controllers are synthesized on the base of state-space system model
obtained with identification. To investigate robust stability of the closed-loop system 30%
parametric uncertainty is introduced into B matrix of the model which describes the observed
hysteresis of the electrohydraulic actuator. The closed-loop system is represented as M — 4
interconnection which allows calculation of its structured singular value (u) with both
controllers. The H,, controller achieves smaller singular value than the LQG controller which
asserts that loop stability in presence of bounded variations in the model characteristics is
increased in the case of H,, controller. The performance of both controllers is experimentally
verified on laboratory test bench.

B4-10. Kralev, J., Al. Mitov, Ts. Slavov, ll. Angelov, Robust Mu-Controller for

Electrohydraulic Steering System, 18th International Conference on Smart

Technologies - EUROCON 2019, ISBN 978-153869301-8, pp.1-+6, Novi Sad,

Serbia, 2019, DOI: 10.1109/EUROCON.2019.8861982.

Abstract: The paper presents the design of robust u-controller for a laboratory test
bench composed of electrohydraulic steering unit (EHSU), steering cylinder, 32-bit
microcontroller, steering wheel and joystick. The controller design is based on an identified
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multivariable linear state space model of the test bench. Uncertain elements are introduced in
the model from identification to account for unmodelled dynamic effects due to nonlinearities.
Then the system is represented in a robust control framework and the structured singular value
of the closed-loop system is minimized with a D — K iterative procedure to obtain robust
stability and robust performance.

B4-11. Kralev, J., Al. Mitov, Ts. Slavov, Il. Angelov. Optimal three-loop cascade PI-

P-PI controller for electro-hydraulic power steering system, International Scientific

Conference on Aeronautics, Automotive and Railway Engineering and

Technologies, BulTrans-2019, IOP Conference Series: Materials Science and

Engineering, vol. 664, Sozopol, Bulgaria, ISSN 1757-8981, pp.1+11, SJR:0.198,

2019, DOI: 10.1088/1757-899X/664/1/012011.

Abstract: The present paper presents an optimally tuned proportional integral
differential (PID) system which calculates the input signal for the switching valves in order to
achieve steering trajectory tracking. The designed cascade control algorithm consists of three
PID controllers respectively for the spool valve position, for the effective flow rate and for the
steering cylinder position. The stages of the cascade control algorithm synthesis are
presented. The goals of control algorithm are to achieve fast transients with minimal overshot
and steady state error. Controllers’ are tuned consequently by starting from the innermost loop
based on an identified single input multiple output (SIMO) model of the steering system by
optimization algorithm with a quadratic cost. After one of the controllers is successfully tuned
the model of the corresponding closed-loop system is approximated and employed in the
optimization procedure for the next control loop from the cascade system. The developed
control algorithm is programmed into a specialized vehicle microcontroller and tested on a
laboratory steering system test bench.

Il. GROUP G7: Scientific publications in issues that are referenced and
indexed in world scientific data bases (G7-1+G7-5).

The high degree of automation in the use of electronic control in almost all industrial and
mobile applications is most often achieved by proportional electro-hydraulic control devices, in
which the control element moves in proportion to the change of the input electrical signal. This
makes it possible to change the main energy parameters in the system - pressure and flow
rate and the implementation of adaptive proportional electrical control. The focus of this study
is on piezoelectric actuators used as electromechanical transducers suitable for driving and
controlling high-response hydraulic valves having a relatively small dead zone. In [G7-1] a
detailed analysis of various existing structures was performed, on the basis of which a
conceptual model was developed. A three-dimensional virtual prototype was developed, which
was used to study various parameters in simulation conditions. Based on these studies, a
hydraulic valve design with proportional electrical control by a piezoelectric transducer has
been developed.

Hydraulic and electrohydraulic servo systems are widely used in the automation of many
processes in industry, transport and aviation. The control part of these systems consists of
mechanical or electronic devices that perceive the setting effect from the sensing elements or
the computing devices, compare them with the feedback signals and form signals for control
of the power part consisting of regulating devices and actuating hydraulic motors.

Electro-hydraulic servo systems can be designed to control various physical variables such
as position, force, pressure, speed, acceleration and more. When high response and accuracy
are required to drive and control systems with relatively large masses on which large external
forces act, most often the application of electrohydraulic servo systems is the optimal option
for solving the problem of drive, regulation and control.

In [G7-2] a schematic solution of an electrohydraulic servo positioning system was
developed, a synthesis of the main parameters was performed and the system was assembled
in the form of a laboratory test bench. The basis of the developed test bench is an axial-piston
variable displacement pump equipped with a flow and pressure controller (type "DFR",
Rexroth® Bosch Group), realized on the basis of a proportional hydraulic valve with high natural
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frequency. The laboratory test bench allows for experimental investigation with various
actuators - hydraulic servo cylinder or rotary hydraulic motor. The closed- loop control system
is realized with speed and load feedback of the executive hydraulic motors. The inclusion of
an alternative controller with proportional electrical control (system type "SYDFE", Rexroth®
Bosch Group) allows for experimental studies not only when changing the hydraulic
parameters, but also the parameters of the embedded control system. Such studies were
performed in [G7-3, G7-4], which compared two linear-quadratic Gaussian (LQG) controllers
with a Kalman filter for an electrohydraulic servo system in numerical simulation and real
experiment conditions. The focus in [G7-3] is on the presented advanced version of the LQG
controller. An initial version [G8-23] of the embedded control system with this type of controller
has been developed, which contains feedback on the pressure drop in the two working
chambers of the servo cylinder and on the piston position. Due to the low sensitivity of the LQG
controller to the outlet pressure channel, in this work a controller with additional feedback on
the spool position (LVDT) of a proportional valve with indirect electrohydraulic control
(integrated in the electrohydraulic control unit) and on the flow supply unit has been developed.
The introduction of feedback on the position of the regulating element in the proportional valve
allows more precise processing of setpoint positions on the piston of the actuator servo
cylinder. The other additional flow feedback supplying the electrohydraulic control unit allows
for energy analysis of the entire electrohydraulic system. Also, to ensure good enough
monitoring of the setpoint, an LQG controller with integrated action is designed [G7-3, G7-4].

On the other hand, sufficiently good position reference monitoring can be achieved by a
model-predictive controller (MPC) designed for an electrohydraulic servo system, which is
designed and tested in paper [G7-5]. The embedded electro-hydraulic control system based
on MPC has some advantages over conventional control laws, which are the ability to
overcome the limitations in the dead zone of the proportional hydraulic valve. This is a common
problem, as this area is a consequence of the positive overlap imposed by safety standards
(ISO 13849-1, EU Machinery Directive), which exclude the possibility of self-driving to these
systems. The main goal of MPC is to minimize the criterion of efficiency in terms of limitations
of system inputs and system outputs. Applied to control systems, the MPC algorithm optimizes
the future value of the control signal by minimizing the integral of the error between the
reference signal and the predicted output, and the square of the control signal of the system
at each sampling rate. A disadvantage of the algorithm is the need to use a large computing
resource.

Scientific papers Group G7:

G7-1. Angelov, Il., K. Kamberov, Al. Mitov, Ts. Ivanov, Implementation of

piezoelectric actuators for pilot valve of high response hydraulic servo valve, 4th EAI

International Conference on Future Access Enablers of Ubiquitous and Intelligent

Infrastructures - Fabulous 2019, Sofia, Bulgaria, Lecture Notes of the Institute for

Computer Sciences, Social Informatics and Telecommunications Engineering

(ICST), ISBN 978-3-030-23975-6, SJR:0151, pp.318+326, Springer-Switzerland,

2019, DOI: 10.1007/978-3-030-23976-3_28.

Abstract: The high degree of automation in the use of electronic control in all
industrial and mobile applications is most often done by hydraulic proportional control devices,
where the regulating element changes remotely in proportion to the electrical signal. This
provides the possibility to change the parameters of the hydraulic energy — flow rate and
pressure — a realization of adaptive control by proportional electric control. The focus of this
study is set on piezoelectric actuators that are electromechanical transducers, suitable for
driving and controlling high-speed hydraulic actuators and relatively small insensitive zones.
Detailed analysis of various existing designs is performed prior to development of conceptual
model. Further, a design exploration is performed through virtual prototypes that helps studying
in high level of detail various technical parameters. It is of great importance for successive
design development as some of the controlled parameters (as deformations) are very sensitive
and has great influence over device performance.
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G7-2. Angelov, Il., N. Stanchev, Al. Mitov, Experimental Study of Electronically
Controlled Closed-Loop Electrohydraulic System with Variable Displacement Pump,
16th International Conference on Electrical Machines, Drives and Power Systems

(ELMA), ISBN  978-1-5090-6690-2, pp.541+545, Sofia, 2019, DOI:

10.1109/ELMA.2019.87714809.

Abstract: The article presents the design of the hydraulic circuit diagram, synthesis
of the main hydraulic parameters and equipment of experimental setup for studying of an
electronically controlled closed-loop electrohydraulic system based on variable displacement
axial-piston pump. The basis of the developed setup is a variable displacement axial-piston
pump equipped with a flow and pressure controller (type DFR), realized based on a high
responce proportional valve. The setup allows for experimental investigation with various
pressure loads of different types of executive device: hydraulic cylinder or hydraulic motor (type
SYDFE). The equipment of the experimental system with an external control electronics
provides the possibilities to carry out study not only by changing the hydraulic parameters, but
also by varying of the parameters in the embedded control system.

G7-3. Mitov, Al., J. Kralev, Ts. Slavov, Il. Angelov, Reference Tracking LQG Control

of Electrohydraulic Servo System for Mobile Machines, 10" IEEE International

Conference on Intelligent Systems (1S°2020), ISBN 978-172815456-5, pp.475+480,

Varna, Bulgaria, 2020, DOI:10.1109/1S48319.2020.9200178.

Abstract: The main purpose of this work is to present an advanced version of a
linear-quadratic Gaussian controller with a Kalman filter of electro-hydraulic power steering for
modern mobile machines. The authors were developed a first version of the embedded control
system with this type of controller contains feedbacks in the pressure drop in the two chambers
of the steering cylinder and the position of its piston. Due to the low sensitivity of the LQG
controller to the pressure output system channel, in this work a controller with additional
feedback inputs at spool position of a proportional valve (integrated in the steering unit) and
flow rate supplied the unit was developed. The introduction of feedback on the spool position
of the proportional valve allows a more precise reference tracking of steering servo cylinder,
which is controlled by the proportional valve. The other additional feedback on the flow rate
supplying the steering unit enables the analysis of the energy efficiency of the whole system.
A main problem in LQG design, based on identification model, is the state estimation because
the state variables are not measurable and represent a complex combination of physical
variables of the plant. An observer algorithm is designed for state estimation. However the
dynamics of the observer impacts the dynamics of the closed-loop systems and have to be
carefully set. The Kalman filter algorithm is a common state estimator which set the observer
dynamics as a precise balance between model uncertainty and the measurement noise.
However model uncertainty information and noise variance have to be calculated. The
advantage of system identification models are their statistical features which allows
determination of these parameters required for Kalman filter synthesis. Also to ensure
sufficiently well reference tracking an LQG controller with integral action is designed.

G7-4. Mitov, Al., J. Kralev, Ts. Slavov, Il. Angelov, Real-Time LQG Control
Strategies for Electrohydraulic Steering of Mobile Machines, 215t International
Symposium on Electrical Apparatus and Technologies, (SIELA 2020), ISBN 978-
172814346-0, pp.294-297, Bourgas, Bulgaria, 2020, DOI:
10.1109/SIELA49118.2020.9167047.

Abstract: The main aim of the article is to compare two real-time control strategies
for electrohydraulic power steering system of modern mobile machines with linear-quadratic
Gaussian (LQG) controllers. The both modification of LQG controller are designed on the basis
of two multivariable uncertain plant models. The plant models are obtained by identification
procedure via “black box” approach and takes into account the deviations of the parameters
that characterize the way that the control signal acts on the state of the models. The difference
between the two modifications of the embedded controllers lies in the different types of output
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signals, which are used as feedback in control system. The comparative analysis of time and
frequency domain properties of controllers are performed. The results obtained show the better
performance of one system. The control algorithms are implemented in 32-bit microcontroller.
A number of experiments have been executed, which confirm the quality of the electrohydraulic
power steering control system.

G7-5. Mitov, Al., J. Kralev, Ts. Slavov, Il. Angelov, Model Predictive Control Design

for Electro-hydraulic Power Steering Application, The 9" Mediterranean

Conference on Embedded Computing (MECO'2020), ISBN 978-172816947-7,

pp.658-661, Budva, Montenegro, 2020, DOI: 10.1109/MEC0O49872.2020.9134222.

Abstract: The paper presents the design and implementation of model predictive
controller (MPC) for path tracking of electro-hydraulic servo steering system. The embedded
control system is intended for steering application of non-road mobile machines. MPC has a
some advantages then conventional control laws. Very important advantages of this control
method is the possibilities to overcome the constraints on the dead-band in the proportional
spool valve. This is a common problem because it is a consequence of the positive overlap
imposed by safety standards on these control systems. The MPC's fundamental objective is
to minimize a performance criterion with respect to the limitations of a system inputs and
system outputs. Applied to the steering systems, the MPC algorithm optimizes the future
control trajectory by minimizing the error between the reference signal and predicted system output at
each control interval.

lil. GROUP G8: Scientific publications in non refereed journals with
scientific review or in edited collective volumes (G8-1+G8-33).

lll.1. Research of dynamic processes and application of digital control in
hydraulic drive systems

G8-1. Angelov, ll., Al. Mitov, Analysis of the dynamic characteristics of the pressure

in system with fast switching digital control valve, International Scientific Conference

“Machine Science”, Sliven, Journal of Thermotechnics, ISSN 1314-2550, b 1,

pp.32+37, 2012.

Abstract: This paper examines dynamic simulation characteristics that represent
the pressure variation in a pipeline directly connected to 3/2 fast switching digital control valve.
The main goal set by the authors is to improve the existing mathematical model, in order to
better match the results of the real experiment. The results of the real and numerical
experiment fit with deviations of less than 0.5%.

G8-2. Angelov, Il., Al. Mitov, Research of the influence of hydraulic accumulator on

pressure dynamic characteristics in system with fast switching digital control valve,

Scientific Conference on Power Engineering and Power Machines “PEPM — 2012”,

Sozopol, ISSN 1314-5371, Proceedings, Issue 2, pp.138+145, 2012.

Abstract: The paper presents synthesized simulation model suitable for the
theoretical research of the dynamic pressure variation in a straight pipeline connected to three-
way, two-position fast switching digital control valve. Based on this model, an analysis of the
influence of a hydraulic accumulator on the dynamic pressure variation in the experimental
pipeline was made. In the optimal version at 30bar, the performance is improved in the
lowstream pressure zone, which shows that the inclusion of a hydraulic accumulator at certain
settings of its volume and gas pressure makes it possible to improve the transient process.
This is especially important in digitally controlled fluid power systems in which the inclusion of
a hydraulic accumulator serves as a filter for dynamic pressure variation.
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G8-3. Angelov, Il., Al. Mitov, Research of the influence of over center valve on

pressure dynamic characteristics in system with fast switching digital control valve,

Scientific Conference on Power Engineering and Power Machines “ PEPM — 2012”,

Sozopol, ISSN 1314-5371, Proceedings, Issue 2, pp.146+151, 2012.

Abstract: The article presented a synthesis an appropriate simulation model for
theoretical investigation of the dynamic pressure characteristics in a straight pipeline to include
three-way, two-position fast switching digital control valve. The model is used for analysis of
the influence of over-center valve on the dynamic pressure variation in the experimental
pipeline. In order to minimize energy losses in systems with digital control and to preserve the
type and shape of the pressure characteristic, it is recommended to include a over-center
valve, which is set in the range of 1+5 bar.

G8-4. Angelov, II., Al. Mitov, Research of the influence of simultaneously connected

hydraulic accumulator and over center valve on pressure dynamic characteristics

in system with fast switching digital control valve, Scientific Conference of “Angel

Kanchev” University of Ruse 2012, Ruse, Proceedings, ISSN 1311-3321, Vol. 51,

book 1.2., pp.120+125, 2012.

Abstract: This paper presents synthesized simulation model acceptable for the
theoretical research of the dynamic pressure variation in a straight pipeline to include three-
way, two-position fast switching digital control valve. Based on this model analyzes the
influence of simultaneously connected hydraulic accumulator and over-center valve on the
dynamic pressure characteristics into the experimental pipeline. The studied combination of
hydraulic accumulator and over-center valve included in the system at design and setting
parameters shows that it is possible to achieve a correspondence between the type and shape
of the input control and output pressure signals, which in turn will lead to high levels of control
performance, both in the considered hydraulic drive system with digital control and in other
digital fluid power systems realized with this type of control.

G8-5. Angelov, Il., Al. Mitov, Research of the influence of the amplitude of input

control signal on pressure dynamic characteristics in system with fast switching

digital control valve, hydraulic accumulator and over center valve, xudpasnuyeH
akymynamop u nodnopeH knanaH, Scientific Conference of “Angel Kanchev’

University of Ruse, Proceedings, ISSN 1311-3321, Vol. 51, book 1.2., pp.126+131,

2012.

Abstract: This paper presents synthesized simulation model suitable for the
theoretical research of the dynamic pressure variation in a straight pipeline to include three-
way, two-position fast switching digital control valve. Based on this model analyses the
influence of the amplitude of input control signal on the dynamic pressure variation in the
experimental pipeline.

G8-6. Angelov, Il., Al. Mitov, Research of the pressure variation in two symmetrical

parallel pipelines to connect with digital control valve, International Scientific

Conference “UNITECH 2012”, Gabrovo, ISSN 1313-230X, Proceedings, Vol. 2,

pp.281+286, 2012.

Abstract: This paper presents synthesized simulation model suitable for the
numerical research of the dynamic pressure variation in a straight pipeline to include three-
way, two-position fast switching digital control valve. Based on this model analyses the
influence of the length of pipelines on the dynamic pressure variation in the hydraulic system
with digital control valve.
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G8-7. Angelov, Il., Al. Mitov, Research of dynamic processes in hydraulic system

with digital control of actuator device, International Scientific Conference “Machine

Science”, Sliven, Journal of Thermotechnics, ISSN 1314-2550, book 2, pp.60+64,

2013.

Abstract: Researched hydraulic system consisting of two parallel supplied 3/2
hydraulic valves, each of which is connected with a straight pipeline. The output of pipelines
are connected to hydraulic actuator device and between each valve and pipeline are
connected in series throttle with fixed orifice and a hydraulic accumulator. The results present
the transient response of the actuator in due to the synthesis of a simulation model. The
research has aimed at the analysis of the influence of the frequency of the input control signal
on the response of the hydraulic actuator device in dynamic mode.

G8-8. Angelov, II., Al. Mitov, Quality assessment of regulation at researching of

transients processes of actuator device in the hydraulic system with digital control,

Scientific Conference on Power Engineering and Power Machines “PEPM — 2013,

Sozopol, ISSN 1314-5371, Proceedings, Issue 2, pp.101+108, 2013.

Abstract: This paper researched a hydraulic system consisting two parallel supplied
3/2 hydraulic valves, each of which is connected with a straight pipeline. The output of pipelines
are connected to actuator device and between each valve and pipeline are connected in series
throttle with fixed orifice and a hydraulic accumulator. The results illustrate the transient
response of the actuator in the form of a transition process due to the synthesis of a simulation
model. Researches have aimed assessment and analysis of the control performance at
different values of stroke of the actuator.

G8-9. Angelov, II., Al. Mitov, Determining the gain coefficient in the research of

transient response of actuator device in digital control hydraulic system, Scientific

Conference of “Angel Kanchev” University of Ruse 2013, Ruse, Proceedings, ISSN

1311-3321, Vol. 52, book 1.2, pp.74+78, 2013.

Abstract: This paper presents a methodology for determining the gain and steady
state position error, according to which the performance indices are evaluated by the transition
process. The studied transient characteristics represent a response of an actuator at different
frequencies of the input control digital signal and with different values of its stroke. The
characteristics are obtained as a result of the synthesis of a mathematical simulation model of
the studied experimental system based on the control of an actuator by two or more parallel
connected three-way, two-position hydraulic valves, which supplied an actuator.

G8-10. Angelov, II., Al. Mitov, Hydraulic drive system for pipe bending machine,
International Scientific Conference “UNITECH 2013”, Gabrovo, ISSN 1313-230X,
Proceedings, Vol. 3, pp.354+359, 2013.

Abstract: An existing hydraulic system for a pipe bending machine with manual,
semi-automatic and automatic operation has been studied. The studies have focused on the
analysis of the hydraulic circuit diagram and constructive implementation of the hydraulic
system on the basis of calculation of the main parameters. The sequence diagram of the mode
of operation for the hydraulic control devices, functional and stroke diagram of implementing
hydraulic actuator devices, respectively, with and without control and regulating devices of the
feed flow rate towards them are developed. The realized improvement of the hydraulic system,
affecting repeatability of accuracy of positioning in time of the process of bending by integrating
of additional hydraulic devices. The results of an energy analysis are presented.

G8-11. Angelov, Il., Al.Mitov, Research analysis of dynamic processes occurring in

pipelines with digitally controlled hydraulic valve, 9" Interational Fluid Power

Conference, 9" IFK'2014, ISBN 978-3-9816480-1-0, pp.543+553, Aachen,

Germany, 2014.

Abstract: This article presents a research of a hydraulic system consisting of a
three-way, two-position hydraulic fast switching valve whose output is connected to a relatively
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long pipeline with relatively small cross-section area. The results present dynamic pressure
characteristics in the experimental pipeline as transient response due to the synthesis of the
simulation model. Based on experimental data, this model is verified and improved for the
purpose of accommodating a number of independent studies intended for quantitative
assessment of the influences, both additionally equipped with hydraulic devices and
parameters of the input control signal on the transient characteristics. By using known
simulation model in which is incorporated into the transmission line method (TLM), the
influence of the bulk modulus and the kinematic viscosity of the working fluid on the transitional
characteristics of the flow rate in the pipeline are determined. Drawing upon research data an
assessment of the performance is made by two indexies: logarithmic decrement of damping
and settling time. The paper aim is an analysing and summarizing these investigations at
establishing and describing digital control systems as an effective application in the pilot control
of relatively low, middle and high hydraulic power drives.

G8-12. Angelov, II., Al.Mitov, Analysis of transient processes of actuator device in

a  hydraulic system with digital control, International Conference

“Mechatronics’2014”, ISBN 978-91-7063-564-9, pp.141+150, Karlstad, Sweden,

2014.

Abstract: The subject of this research is a hydraulic system comprising two straight
pipelines of relatively small cross section, each of which individually supplied by means of
two 3/2 three-way hydraulic directional valves with digital control. Non-adjustable throttle
orifices and hydraulic accumulator are connected in series between each valve and pipeline.
At their outlets both pipelines are connected to a counter-balance valve. Obtained results of
indicate dynamic variation of pressure inside pipelines and are presented as transient
processes produced by mathematical simulation model synthesis. Research investigations
have been focused on analysing the impact of the throttles’ cross-section size and the phase
lag in the valves’ control signal on the dynamic characteristic of pressure in both parallel
pipelines.

G8-13. Angelov, Il., Al. Mitov, J. Kralev, Identification hydraulic drive system with

digital control actuator, International Scientific Conference “Machine Science”,

Sliven, Journal of Thermotechnics, ISSN 1314-2550, book 3, pp.53+58, 2014.

Abstract: In the present work, a structurally modified tuneable model is shown,
which allows for identification of an actuator transient response by introducing partial
nonlinearity into the feedback. In this way, the oscillating nature of the transient process on the
basis of a variable one-dimensional function (look-up table) is evaluated. The main goal is to
analyse the transients from the reaction of the studied device, which are evaluated as the
control performance indices. In addition, the identification of the transient system serves as a
basis for further research aimed at determining the transfer function of the system and its
characteristics in the frequency domain.

G8-14. Angelov, II., Al. Mitov, Comparative Analysis of the Results Obtained from

the Identification of Hydraulic Drive System with Digital Control, Scientific

Conference on Power Engineering and Power Machines “PEPM — 2014”, Sozopol,

ISSN 1314-5371, Proceedings, Issue 2, pp.110+118, 2014.

Abstract: This article is a result of the approach for the identification of hydraulic
drive system with digital control through numerical approximation of dynamic processes.
Dynamic processes in the form of transient characteristics are obtained on the basis of known
from previous studies nonlinear mathematical simulation model of the experimental setup.
Presented a comprehensive methodology for the system identification and implementation
tools. Comparative analysis between the results of identification and those obtained by
nonlinear mathematical simulation model in terms of control performance of the studied system
has been performed.
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G8-15. Angelov, II., Al. Mitov, J. Kralev, Hydraulic drive system with a closed-loop
PID controller, Scientific Conference of “Angel Kanchev” University of Ruse 2014,
Ruse, Proceedings, ISSN 1311-3321, Vol. 53, book 1.2., pp.213+219, 2014.
Abstract: Following a series of simulation studies of an experimental setup with a
hydraulic actuator driven by two three-way two-position valves connected in parallel the
present paper considers an experimental setup with PID controller. The main goal of the
present work is to show a possibility for control of the hydraulic system considered in previous
works in closed-loop control with a discrete PID controller, showing its structure and
workability. The analysis of the workability of the controller is performed on the basis of
simulation transient response of the actuator during the monitoring of the step reference signal.

G8-16. Angelov, Il., Al. Mitov, Research of the dynamic pressure variation in hydraulic

system with two parallel connected digital control valves, International Journal of

Application or Innovation in Engineering & Management (IJAIEM), Vol. 4. Issue 7,

ISSN 2319 — 4847, pp.176+181, 2015.

Abstract: The researches of the hydraulic system which consist of two straight
pipelines supplied by two separate 3/2 hydraulic fast switched valves. A fixed throttle orifice is
switched between each of them. The results show pressure dynamic characteristics in the
pipelines in the form of transient characteristics due to the synthesis of a simulation model.
The researches aim to analyze the influence of the section size of the fixed throttle, as well as
the phase delay in the control signal to the valves, over the pressure characteristics in both
parallel pipelines. The results of the present research can be used as a base for the
construction of digital hydraulic control systems.

lll.2. Investigation of electrohydraulic devices and systems.

G8-17. Angelov, Il., Al. Mitov, Test Bench for Experimental Research and

Identification of Electrohydraulic Steering Units, 10" International Fluid Power

Conference, 10" IFK'2016, ISBN 978-3-9816480-1-0, pp.225+236, Dresden,

Germany, 2016.

Abstract: The paper presents design, solution and physical implementation of a
system for investigation of electrohydraulic steering units based on OSPE 200 device. The
implementation is based on synthesis of required hydraulic and structure parameters,
presented in a previous paper. Now we present the interconnection of the digital control system
and the closed-loop flow diagram. A formal description of embedded software is presented too,
which supports operation of PI control algorithm in real-time. Identification is performed based
on experimentally reported the transitional process by developing mathematical models.
Presents the structure and capabilities of the models for identification, as well as procedures
for their validation.

G8-18. Mitov, Al., J. Kralev, Il. Angelov, Optimal tuning of digital Pl regulators by

linear models of steering electrohydraulic drive system, International Scientific

Conference “Machine Science” 2016, Sliven, Journal of Thermotechnics, ISSN

1314-2550, book 1, pp.30+35, 2017.

Abstract: In this paper were carried out design and synthesis of three digital PI
regulators based on model-based approach through three linearized model. Linearized models
obtained in previous work by the relevant nonlinear. Linearization of the three models is carried
out with the use of the function linearize in an environment of MATLAB®, which is based on
the Taylor's method. A comparison of linear patterns in the frequency domain, the results of
which are shown.
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G8-19. Mitov, Al., J. Kralev, Il. Angelov, Synthesis and optimal tuning of digital PI-

requlators by frequency characteristics of electrohydraulic steering system,

Scientific Conference on Power Engineering and Power Machines “PEPM - 2016,

Sozopol, ISSN 1314-5371, Proceedings, Issue 2, pp.93+100, 2016.

Abstract: It is carried out synthesis of two programmable digital Pl controllers for
electrohydraulic steering system designed for low-speed mobile machines. The controllers are
based on obtained in previous work frequency characteristics of the steering system. They
were introduced in an environment of MATLAB®/Simulink®, which are set through an iterative
optimization procedure. Optimal settled regulators are programmed into the microcontroller for
mobile applications and compared in performance through physical experiment on the steering
electrohydraulic drive system with digital control. The comparative analysis of the results
obtained in terms of experiment and numerical simulation is performed.

G8-20. Mitov Al., J. Kralev, Il. Angelov, Digital cascade pressure and position

requlator for electrohydraulic steering system, Scientific Conference of “Angel

Kanchev” University of Ruse 2016, Ruse, Proceedings, ISSN 1311-3321,

pp.183+189, 2016.

Abstract: The work is carried out design and synthesis of the structure of a digital
cascade controller with feedback on pressure and position of electrohydraulic steering system.
Developed software implementation based on which it is embedded into the microcontroller for
mobile applications. An empirical tuning of the regulator in terms of real experiment on steering
electrohydraulic drive system with digital control is filled. The experimental research and
analysis of the behavior of the studied system with embedded regulator were performed.

G8-21. Mitov Al., Il. Angelov, J. Kralev, Investigation and analysis of existing

schematic designs of electrohydraulic control module for digital control of hydraulic

steering devices, International Scientific Conference “Machine Science”, Sliven,

Journal of Thermotechnics, ISSN 1314-2550, pp.24+29, 2017.

Abstract: The paper presents investigation of existing schematic design of
conventional hydraulic steering units as well as embedded in them electrohydraulic control
modules supporting capability for digital control. The paper generalizes the advantages and
disadvantages of hydraulic steering systems with conventional hydro-mechanical control and
digital electrohydraulic control. The paper also presents a specific electrohydraulic control
module (PVE) and its mathematical model providing a basis for following investigation of the
module behavior in numerical simulation.

G8-22. Mitov Al., J. Kralev, Il. Angelov, Modeling in Simulink environment of

electrohydraulic control unit for digital control of hydraulic steering devices, Scientific

Conference on Power Engineering and Power Machines “PEPM — 2017”, Sozopol,

ISSN 1314-5371, Proceedings, Issue 2, pp.77+86, 2017.

Abstract: Based on the research, analysis and mathematical modelling of a
particular type of electrohydraulic control module (PVE) for digital control of hydraulic steering
unit (HSU), the present work presents the realization of the mathematical model in an
environment of Simulink®. An optimal tuning of a embedded PID controller has been made.
The results of the response of a module controlled by a hydraulic proportional spool valve are
presented.

G8-23. Mitov, Al., J. Kralev, Il. Angelov, Ts. Slavov, Identification and synthesis of

linear-quadratic regulator for digital control of electrohydraulic steering system, 11th

International Fluid Power Conference, 11thlIFK'2018, ISBN 978-3-9816480-1-0,

Aachen, Germany, 2018.

Abstract: The paper presents an optimal reference tracking algorithm for
electrohydraulic steering systems which is based on multivariable system identification, linear
quadratic control and Kalman filtering for state estimation. A laboratory test-bench composed
of electrohydraulic-steering unit (EHSU), steering cylinder, 32-bit microcontroller, steering
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wheel and joystick supports experimental work. Traditional approach for reference tracking in
steering usually is based on classical control algorithms such digital Pl regulator or non-digital
hydro-mechanical feedback. In contrast the control theory suggests advanced control
techniques, which can take into account multivariable nature of the process. In this way a
higher closed-loop performance can be achieved.

G8-24. Mitov, Al., Ts. Slavov, J. Kralev, Il. Angelov, Multivariable quadratic cost

control of electrohydraulic steering system, International Conference

Automatics'2018, Sozopol, Proceedings of the Technical University of Sofia, ISSN

1311-0829, Vol. 68, Issue 2, pp.242+254, 2018.

Abstract: In the paper is presented an approach for design of multivariable control
system for electrohydraulic steering device. It is based on identification of a multivariate model,
quadratic cost functional and state estimation. Experimentation is conveyed on laboratory test-
bench which is composed of hydraulic cylinder, microcontroller and hydraulic transmission.

G8-25. Angelov, Il. Al. Mitov, J. Kralev. Test Bench for Investigation of Load-

Sensing Electrohydraulic Steering System, Scientific Conference on Power

Engineering and Power Machines “PEPM — 2018”, Sozopol, ISSN 1314-5371,

Proceedings, pp. 319+326, 2018.

Abstract: The work presents a schematic solution, equipment and realization of a
test bench for investigation of electrohydraulic steering system with sensitivity to change the
external load (load-sensing) on executive servo cylinder. The hydraulic drive system of the
bench consists mainly of: variable displacement axial-piston pump with a pressure controller,
a conventional hydraulic steering unit, a hydraulic control block for steering systems for various
of modes of operation and a double acting servo cylinder. Primary experimental results from
putting into operation and selecting a suitable bench control system are shown.

G8-26. Mitov, Al., Ts. Slavov, J. Kralev, Il. Angelov. Embedded H= controller of

electrohydraulic control module for digital control of electrohydraulic steering

systems, Scientific Conference on Power Engineering and Power Machines “PEPM

—2018”, Sozopol, ISSN 1314-5371, Proceedings, pp. 327+335, 2018.

Abstract: An optimal reference tracking algorithm of servo-cylinder position in
electrohydraulic steering system is presented, which is obtained by H,, synthesis based on
multivariable system identification. Experimental studies were performed on a laboratory test
bench for steering device of mobile machinery. The state-of-the-art advanced control method
allows for higher closed-loop performance compared to the classical PID methods.

G8-27. Angelov, Il. N. Stanchev, Al. Mitov. Test bench for experimental research of

an electrohydraulic closed-loop control systems with displacement volume control

of the actuator speed, Scientific Conference on Power Engineering and Power

Machines “PEPM — 2018”, Sozopol, ISSN 1314-5371, Proceedings, pp. 336+343,

2018.

Abstract: This article presents the design regarding the hydraulic diagram, the
synthesis of the main hydraulic and constructive parameters and arrangement of functional
test bench stand of an electrohydraulic closed-loop control systems of different types of
hydraulic cylinders or hydraulic motors and different methods for research experimental work.

G8-28. Mitov, Al., Ts. Slavov, J. Kralev, Il. Angelov, Investigation of robust stability

of electro-hydraulic control module for hydraulic steering system with linear-

quadratic regulator, Scientific Conference of “Angel Kanchev” University of Ruse

2018, Ruse, Proceedings, ISSN 1311-3321, 2018.

Abstract: The paper investigates the robust stability of an embedded robust
controller for optimal reference tracking of electrohydraulic steering systems. The regulator is
synthesized on the base of multivariable system identification and quadratic cost function. A
Kalman filtering algorithm is used for the state estimation. In order to describe the system in

35
[Mumos, An., PestomeTa Ha Hay4HUTe TpyaoBe]



robust control framework we introduce a small uncertain element into the model from
identification in the form of input multiplicative uncertainty. Then the system is represented as
a M — Ainterconnection which allows to calculate the structured singular value (1) of the closed
loop system with the linear quadratic regulator. This singular value is a measure of the loop
stability in presence of bounded variations in the model characteristics in frequency domain or
in its parameters. Therefore the present paper proves that the closed-loop system keeps its
stability in presence of unmodelled dynamic effects caused for example by the inherent
nonlinearities in the hydraulic steering units.

G8-29. Mitov, Al., J. Kralev, Ts. Slavov, Il. Angelov, Robust stability of h-infinity

requlator for electro-hydraulic steering units, International Conference

Automatics'2018, Sozopol, Proceedings of the Technical University of Sofia, ISSN

1311-0829, Vol. 69, Issue 2, pp.325+334, 2019.

Abstract: The paper is focused on investigation of robust properties of an developed
robust controller for programmed reference tracking of electrohydraulic steering units. The
regulator is designed on the base of identifed single input multiple output model and H-infinity
optimization procedure. The system is further described in robust set-ting by addition of
parameter uncertainty into some of the model parameters. The present paper explains that the
closed loop system keeps its stability in presence of input multiplicative uncertainty related to
some nonlinear actuator effects which are inherent in most of the hydraulic steering units. The
performance of the H-infinity regulator is experimentally verified on a laboratory test bench.

G8-30. Angelov, II., Al. Mitov, P. Kyorgogov, Switch control algorithm of hydrostatic

power transmission applied to wind turbines, National Forum ,Days of Mechanics®,

23" National seminar of mechanics of continuous environments, IHS “Fr. J. Curie ”,

r. c. “St. St. Constantine and Helena”, Varna, 2019, Journal of Mechanics of

Machines, Vol. 124, Issue 1, ISSN 0861-9727, pp.75+80, 2020.

Abstract: The article presents a control algorithm for stepless switching of hydraulic
motors to a hydrostatic transmission designed to transfer mechanical energy from a wind
turbine to an electric generator. The developed hydraulic scheme of a laboratory setup for the
experimental study of hydrostatic transmission suitable for use in power systems with power
up to 200 kW is shown. The basis of the control algorithm is combinatorial depending on
parallel operation of hydraulic motors in the transmission depending on their displacement
volume. This enables the synthesis of this kind of energy conversion systems depending on
the basic energy parameters of both the hydrostatic transmission and the power generator.

G8-31. Mitov, Al., J. Kralev, Ts. Slavov, Il. Angelov, Design of robust u-controller in

electrohydraulic control module for digital control of electrohydraulic steering

systems, Scientific Conference on Power Engineering and Power Machines “PEPM

—2019”, Sozopol, ISSN 1314-5371, Proceedings, pp.299+309, 2019.

Abstract: The focus is on developing a robust embedded mu-regulator of
electrohydraulic control module for the digital control of hydraulic steering systems. The
experimental studies were performed on a laboratory bench for investigation of
electrohydraulic steering systems for low-speed mobile machines. The controller development
begins from a previously identified multivariable LTI state-space model. Uncertain components
are also present in the model to account for nonlinear effects. Then the system is represented
in appropriate form for robust controller design. The closed-loop structured singular value (i)
is minimized with a D — K iterative algorithm in order to achieve the robust stability and
performance of the electrohydraulic system.
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G8-32. Mitov, Al., J. Kralev, Ts. Slavov, Il. Angelov, Robust stability investigation

of LQG and H- controllers for electrohydraulic steering control system, International

scientific conference “75 years of union of scientists in Bulgaria — use of science and
education”, International House of Scientists “Frederick Joliot-Curie”, “St. St

Konstantin and Elena” resort, Varna, Proceedings, ISBN 978-954-397-045-2,

pp.222+228, 2019.

Abstract: The paper present a comparison of the robust stability of two embedded
controllers intended for application in electrohydraulic steering systems - linear-quadratic
Gaussian (LQG) controller and Hoo controller. Both controllers are synthesized on the base of
state-space system model obtained by identification procedure. To investigate robust stability
of the closed-loop system 30% parametric uncertainty is introduced into B matrix of the model
which describes the observed dead-band of the electrohydraulic proportional spool valve. The
closed-loop system is represented as M — 4 interconnection which allows calculation of its
structured singular value (u) with both controllers. The Hoo controller achieves smaller singular
value than the LQG controller which asserts that loop stability in presence of bounded
variations in the model characteristics is increased in the case of Hoo controller. The
performance of both controllers is experimentally verified on laboratory test bench.

G8-33. Mitov, Al., J. Kralev, Ts. Slavov, Il. Angelov, Laboratory setup for

investigation of control system for electrohydraulic steering units, International

Conference Automatics'2020, Sozopol, Proceedings of the Technical University of

Sofia, ISSN 1311-0829, Vol. 70, Issue 4, pp.67+76, 2020.

Abstract: In this paper the developed experimental setup for investigation of
electrohydraulic steering units (EHSU) is presented. The workability of designed by authors
system for control of electrohydraulic steering with H,, controller is investigated. In
comparison with other similar control systems, the presented one uses additional feedback
signal from sensor for position of proportional spool valve (LVDT) integrated in EHSU. This
feedback allows to achieve better performance of control systems. The design of H,, controller
is done by solving mixed sensitivity optimization problem. The plant model used in controller
synthesis is multivariable model with three outputs and one input. This model is obtained by
identification procedure. The presented experimental results show workability of developed
system.
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