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VY eécmyni oOTpyHTOBAHO aKTyaJbHICTh MUTAHHS JTOCTIKEHHS, ChOPMYJIbOBa-
HO METy Ta 3ajadi JTOCTIIKEHHS, BA3HAYCHO 00 €KT, MPEAMET Ta METOAM BHKOHAHHS
JOCITIKEHHS, HAaBEIEHO BIJOMOCTI NMPO HAyKOBY HOBHU3HY, MPAaKTUYHY IIHHICTh
OTPUMaHHX PE3YJIbTATIB, OCOOMCTUH BHECOK 3/100yBayda, ampoOamiio, CTPyKTypy Ta
o0cAr aucepTarii.

B mepmomy posaini « Cyuacnuii cman numanua ma nocmaioska 3a0avi 0oc-
Ni0JCeHHs» HABOJSATHCS 3arajbHI BIJOMOCTI IOAO MUTAHHS OpTaHi3alli KepyBaHHS
JIU3EJIEM Ha CTaIMX 1 MEePeXiTHUX peXuMax s 3a0e3MedeHHsT HEOOX1ITHUX XapaKTe-
PHUCTHUK HOTO pOOOTH.

HaBenena knacugikaliis majvuBHOI armapaTypyu JU3ENiB 3 €IEKTPOHHUM Kepy-
BaHHSM, sSIKa TOJIJICHAa Ha JBa KJIACH: 3 MEXaHIYHUM JIO3yBaHHSM I0/adi MajvBa B
HWTHAP 1 3 €JIeKTPOMAarHiTHO-KJIamaHHUM Jo3yBaHHsIM. OOpaHa o0nacTh J0CHI-
JUKEHHST — TpaJauiliifHa TrijpoMexaHiuHa MajJuBHA CHCTEMa BUCOKOTO THCKY 32 YMOBHU
MOIIUPEHHS PE3yNbTATIB JOCHIKEHHS Ha €JIEKTPOMArHiTHO-KJIallaHH1 CUCTEMH.

Omnucano mpolec CTBOPEHHS CUCTEMU €JIEKTPOHHOTO KEepyBaHHS AHU3ENeM, Ha
miZICTaBl 9oro 3po0JeHO BUCHOBOK, IO IIE€H MPOIEC BUMAra€ 3HaHb B JIEKIIBKOX HE
CYMDKHHX Tally3sX HAyKd Ta 1HXXEHEpIi: eJIeKTPOMEXaHIKH, eIEKTPOHIKH, MPOrpamy-
BaHH4, TigpoanHamiku Ha 6a3i teopiit B3 1 CAK tomo. To6to, 06rpyHTOBaHO He-
OOX1HICTh 3aCTOCOBYBAHHSI KOMIUIEKCHOTO CHHEPTETUYHOTO MiJIXOY 10 BUPIIICHHS
MIOCTaBJICHOTO B JIUCEPTAIlll 3aBIaHHS.

PosrnsiHyTO Ta mpoaHadi30BaHO MAacUB HAYKOBHUX IyOJIIKAIlii, 110 OMUCYIOThH



JNOCIIKEHHS B AaHi oOnacti, 30kpema BueHux O.b. boraescbkoro, A.®. ['onoBuy-
ka, O.A. I'pynayepa, K.€. [lonranosa, I.J[. lonrix, A.A. JlicoBana, A.O. IIpoxopeH-
ka, B.1. KpyroBa, B.A. MapkoBa, ®@.1. Ilunckoro, R.H. Bishop, R.C. Dorf ta in.
[TokazaHo, 110 B IIMX Ta IHIIUX BIIOMHX poOOTax cydacHl MUTaHHS BiIOOpakeH1 He
BUUYEPITHO, 30KpeMa MOBHICTIO BIZICYTHI BIJOMOCTI MPO aJTOPUTMI3AIlI0 Ta MpPOrpa-
MYBaHHSI KOHTPOJIEPIB CHCTEM EJIIEKTPOHHOIO KepyBaHHS. /[0 TOro » BUSBIEHO, LIO
aBTOPH BIIOMHX JIOCJDKCHB B 11 00JIaCTI HE HAJIAIOTh BIIOMOCTEH 3 MUTAHHS 3a-
Oe3rmedyeHHs JOCITHEHHS PIBHOBAYKHOTO PEKUMY POOOTH JBUTYHA B pE3yNbTaTi HE/le-
TEPMIHOBAHOT'O KEPYIOUOI'0 BILUIUBY MPHU BCEPEKUMHOMY PETYIIFOBAHHI.

Po3risiHyTo MOXKIIMBICTE 3acTOCYyBaHHA B ayroputmi pobotu EBK maremarnu-
HO1 MOJIeJIl KOHKPETHOTO JBUTYHA, sIKa JO3BOJIUThH «IIepea0ayuTi» 3ajJaHy piBHOBA-
KHY 4acTtoty obepranHs koiiHdacroro Bajia (Predictive Model Control) ta mpencra-
BJIEHA CTPYKTYpHa CXeMa TaKol CUCTEMHU KepyBaHHs nu3eneM. Ha mincraBi aHamizy
poOOTH TaKOi CUCTEMU POOUTHCS BUCHOBOK, IO IMIIJIEMEHTAIIIs] TaHOI KOHLIETIIIT aJi-
TOPUTMY KepyBaHHS MOTpeOye MONepeTHFOTO BU3HAUCHHS a00 3aBaHHs XapaKTepu-
CTHK JIBUT'YHA 1 CUCTEMH MOJadyi MajvMBa y BUIJISAL TaOJULb, Kl MOXKHA OTpUMATU
TUTBKY TIUIIXOM BHIPOOYBaHb HOTO 3aBEPIIEHOT KOHCTPYKITi.

Taxkum 4MHOM y TIEPIIIOMY PO3ALUIL MATBEPKEHO OOTPYHTYBAHHS aKTyaIbHOC-
Ti HAYKOBO-TEXHIYHOI 3a71a4l CTBOPEHHS €()EeKTUBHOI 1 HAMIMHOI CUCTEMH EJICKTPOH-
HOTr'O KE€pyBaHHS MOJAY€eI0 MaJliBa IU3€Ns 3 TOUKU 30pY PO3POOKH MPOCTOro mporpa-
MHOTO aJITOPUTMY i1 pOOOTH.

VY apyromy posnini « Teopemuuna 6aza ma mamemamuyHi iHCmpymeHmu 00 c-
N0JCeHHsy HaBEICHO CMHTE3 anroput™MiB podotu EBK Ta matemaTnuHux Mojene,
110 BUKOPHCTaH1 Y JOCIIIKECHHI.

Po3pobiena anpTepHATHBHA KOHIICTIISI CHHTE3Y MPOCTOr0 aIrOPUTMY EIEKT-
POHHOTO KEpYBaHHSI AU3eNieM, sIka 3aCHOBAHa Ha METO/Il aHaJorii 3 poOOTOI MeXaHi-
YHOT'O BCEPEKUMHOTO PETYISATOPa, 110 € OCHOBHUM ITYHKTOM HayKOBOi HOBHU3HH PO-
6otu. HaBeneHa mocmniioBHICT JIOTTYHUX MIPKYBaHb MPU BUBEACHHI OCHOBHOTO PiB-
HSIHHS PETYJSTOpa y BUIIISAII TPOCTOTO MATEMAaTUYHOTO BUpa3y. JOMOBHEHHS 1[bOTO

PIBHSHHS HEOOXITHUMH OOMEKyBadyaMU: TPAHUYHUM PETYISITOPOM, TO3UTUBHUM KO-



PEKTOPOM, HETaTUBHUM KOPEKTOPOM, PETYJSITOPOM XOJIOCTOrO XOAay, 30aradyBadem
NaJUBO-TIOBITPSHOI CYMIIIl Ha PEXUMI MYCKY JA03BOJIMIIO CTBOPUTH SIPO aJITOPUTMY
€JIEKTPOHHOTO BCEPEKUMHOI0 peryistopa. BaximBoro ocoOIMBICTIO PO3pOOJIEHOTO
aNTOPUTMY € HE3aJIeKHICTh WOT0 Mpaie3aaTHOCTI BiJ 30BHIMIHIX (aKTOPiB, SIK TO —
BUJ 1 SKICTb MaJvBa, YMOBHU JOBKULIS, TEXHIYHUNA CTaH JBUTyHa Ta iH. Kpim Toro,
niA0ip 3HAYEHb CTAUX KOe(DIIIEHTIB B OTPUMAHOMY PIBHSIHHI JI03BOJISIE€ JIETKO CHH-
TE3yBaTH PETYJSATOp ISl OTPUMaHHS OyAb-IKUX XapaKTEpPUCTUK pOOOTH JBUTYHA —
B1JI aCTATUYHUX JI0 OJIM3bKUX J0 IIBUJKICHUX, 110 TAKOXK € HAYKOBOIO HOBHU3HOIO PO-
60TH.

Oco0yiMBy yBary mpuauIeHO po3poOIll aIropuTMy poOOTH MiJICUCTEMU Kepy-
BaHHS MO3UIIIOBAHHSM BUKOHABYOIO MEXaHI3My Ha OCHOB1 JAMCKOBOI'O €JIEKTPOJIBU-
ryHa MOCTIMHOIO CTpyMy, KepoBaHoro 3a curtanom IIIM. 3anponoHoBaHo opuriHa-
JbHY METOJUKY PO3paxyHKy IHTErpaibHOi ckianoBoi y aiaroputmi III/-perynsropa
Ii€1 CHCTEMU Ha OCHOBI IU(epeHITiaTbHOTO PIBHSHHS 130IpOMY, IO € OMHUM 3 ITyHK-
TIB HAYKOBOI HOBU3HH JIaHOI pOOOTH.

Hageneno onuc matematuyHoi monenl nuHamiku CAP, gkxa po3poOiseThes y
nociimkerHi. [IpoBeneHi 3a TOMOMOTOI0 MaTEeMaTHYHOTO MOJICTIOBAHHSI pPO3paxyH-
KOB1 JTOCII/DKEHHS TTOKA3aJId, 110 3alpPOIIOHOBAHA KOHIIEMIlIS aJTOPUTMY TOBHICTIO
mparie3iaTHa — B Oy/Ib-IKOMY BHUIIaJIKy CHCT€MA 3/1aTHA 3/[IHCHIOBATH KOHBEPTEHTHHI
MEepEeXiTHUN MPOIIEC 3 OJJHOTO PIBHOBAKHOTO PEXKUMY POOOTH B 1HIIIH.

Tpertiii po3nin «Excnepumenmanvhi 6unpoOy8anus ma 008e0eHHs eJleKmpoH-
Hoi CAP ouzens» MPUCBSYCHUHN IMIIJIEMEHTALlll CUCTEM E€JICKTPOHHOTO PEeryOBaHHS
Ha JIOCHIJHULBKUX MOTOPHOMY Ta O€3MOTOpHOMY cTeHjax. [IuTaHHs, BUpIIICHHS
SAKUX OMHKCAHE B JAHOMY PO3/UII MalOTh BaromMe MpakTUYHE 3HAYCHHSI.

30kpema, CTBOPEHO Ta JOBEAEHO 10 MPAKTUYHOTO BUKOPHUCTAHHS CHUCTEMY
€IIEKTPOHHOTO KEPYBaHHS TU3€Tsl eKCIIEPUMEHTAIbHOTO JOCTITHUIIBKOTO CTEHY Jia-
6opatopii kahenpu B3 HTY «XIII», mo miaTBEpA’KEHO BIANOBIIHUM AKTOM BIIPO-
BaJKCHHS pe3yIbTaTIB AUCEPTALIii.

Po3pobieHa KOMIOHOBKA KOHCTPYKIIIi Ta OCHAIIEHHS PSAIHOTO T1IpOMEXaH1y-

Horo [IHBT enekTpuyHHM CEpBOAKTYyaTOPOM 3 €EJIIEKTPOHHHM KEPYBAHHSAM, SKUU



BCTAHOBJICHO JJII MPOBEICHHS JOCHIIKEHb Ha OE3MOTOPHUN €KCIEPUMEHTAIbHUN
CTEH/I.

Po3nin MICTUTB peTenbHUN ONMUC CKIIAJIOBUX BY3JIIB Ta aJrOPUTMIB pOOOTH J10-
CITIDKYBAaHUX CHCTEM aBTOMATHYHOTO PETYJIFOBAHHS YaCTOTH OOCPTAHHS TU3EIIA.

VY 4gerBepTrOMYy po3aiii «Pesyrbmamu excnepumeHmanbHux ma po3paxyHKo-
BUX QOCNIOJHCEHb) ONMCAHO BUKOHAHHS:

— 3HATTS CTATUYHHUX PETYJISITOPHUX XaPaKTEPUCTUKHU JOCTIIHHUIIBKOTO OJHO-
UTIHAPOBOTO TU3EIIA 3 €JIEKTPOHHUM PETYISITOPOM;

— peecTpaillii, aHaji3y Ta MOJEIIOBAHHS AMHAMIYHUX XapaKTEPUCTHK ENEeKT-
ponHoi CAP uporo nuzerns;

— eKCIIEPUMEHTAJIBHOTO JOCIIKEHHS! YHIBEPCAIIBHOT'O €JIEKTPOHHOTO PEeryJis-
TOpa TPAHCIIOPTHOTO JU3EIIs, SIKUM JI03BOJIIE MOEHATH B OJIHOMY MPUCTPOI JIBOpE-
KUMHUN Ta BCEPSKUMHHI PETYJISATOP 3 METOIO BUKOPHCTAHHS TOTPIOHOTO TUITY pe-
TYJIOBAHHS B 3aJICKHOCTI BiJl TOTOYHOTO MIPU3HAYCHHS TPAHCIIOPTHOTO 3ac00y.

OTtpumaHi Ta HaBeAEH1 B PO3JAUI Pe3ybTaTH MOBHICTIO MIATBEPKYIOTh IOIE-
pEeIHI TEOPETUYHI Ta PO3PaxXyHKOBI JOCIIPKEHHS, a TaKOXX MOBHY MpaIle3/IaTHICTh
po3pobiieanx CAP.

Hampukinti po3auty chopMyIb0BaHO Ta HABEAECHO MOXIIUBI HAPSIMKA PO3BH-
TKYy Ta TIEPCIIEKTHUBHI HAYKOBI1 TOCTIIKEHHS 3 BIIPOBA/DKEHHS €IEKTPOHHUX iH(OP-

MAaI[IHHUX CUCTEM IHU3EIIB.

KarouoBi cioBa: dusens, asmomamuune pe2yno8anms, eneKmpoHHa cucmemd,
aneopumm, 010k Kkepysauns, l1l/[-pecynamop, peeyiamopni xapaxmepucmuxu, Ilnme-

pHem peuell, NPeOUKMUBHA MOOEIb.
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ANNOTATION

Talanin D.S. Synthesis and implementation of electronic automatic control sys-
tem of diesel fuel supply. — Qualifying scientific work on the manuscript.

Thesis for the degree of Doctor of Philosophy in specialty 142 — Power engi-
neering. — National Technical University "Kharkiv Polytechnic Institute”, Kharkiv,
2020.

The introduction proves the rationale, formulates the purpose and objectives

of the research, defines the object, subject and methods of the research, provides in-
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formation on the scientific novelty, the practical value of the obtained results, the ap-
plicant’s contribution, testing, structure and volume of the dissertation.

In the first section "Current follow-up on the issue and the setting research
problem", there is a general information about a mechanism for the control of the die-
sel engine in steady and transitional regimes to provide the necessary characteristics
of its work.

Classification of fuel equipment for diesel engines with electronic control is
given, which is divided into two classes: with a mechanical metering of fuel supply
into a cylinder and with electromagnetic valve metering. The chosen research area is
the traditional hydro-mechanical fuel system with high pressure, under the condition

The process of creating an electronic control system for diesel engines is de-
scribed, according to it the result shows that this process requires knowledge in sev-
eral non-related fields of science and engineering: electro-mechanics, electronics,
programming, hydrodynamics based on the theories of ICE and SAC, etc. That is, the
necessity of applying a complex synergetic approach to solve the given problem in
the dissertation.

A great number of scientific publications has been considered and analyzed de-
scribing the research in this area, in particular scientists: O. B. Bogaevsky, A.F
Golovchuk, O.A. Grunauer, K.E. Dolganov, 1.D. Dolhikh, A.A. Lisoval, A.O.
Prokhorenko V.I. Krutov, V.A. Markov, F.I. Pinskiy, R.H. Bishop, R.C. Dorf and
others. It is proved that in these and other well-known works the modern issues are
not reflected exhaustively, in particular, there is no information about algorithmiza-
tion and programming of controllers for electronic control systems. In addition, it was
found that the authors of known studies in this area do not provide an information to
get the equilibrium mode of engine operation as a result of a non-deterministic con-
trol effect under intrinsic regulation.

The possibility of using the mathematical model for a certain engine in the
ECC algorithm is considered, which will allow "to predict" the given equilibrium
crankshaft speed (Predictive Model Control) and the structural scheme of such a die-

sel engine control system is given. Based on the analysis of the operation such a sys-



tem, we can make a conclusion that the implementation of this control algorithm con-
cept requires the preliminary determination or the characteristics task for the engine
and fuel supply system in the form of tables, which we can only obtain by testing its
completed construction.

Thus, in the first section, the scientific and technical task of justification to cre-
ate an efficient and reliable electronic fuel injection control system from the point of
view to develop a simple software algorithm for its operation is confirmed.

In the second section, "Theoretical base and mathematical tools for research”,
we give a ECC algorithms synthesis and the mathematical models used in the re-
search.

The alternative concept of a simple algorithm synthesis for electronic control
by diesel engine is developed, based on the method of analogy with the mechanical
intrinsic controller work, which is the main point of scientific novelty of a work. The
sequence of logical thinking is given while calculating the basic equation for the con-
troller in the form of a simple mathematical formula. Addition to this equation by
necessary constraints: the limiting regulator, the positive corrector, the negative cor-
rector, idle air control valve, the enrichment to start it allowed to create the core of
the algorithm for the electronic intrinsic controller. An important feature of the devel-
oped algorithm is the independence of its ability to operate from external factors,
such as the kind and quality of fuel, environmental conditions, technical state of the
engine, etc. In addition, the selection of values of constant coefficients in the result-
ing equation makes it easy to synthesize the regulator to obtain any engine perfor-
mance - from astatic to near-fast, which is also a scientific novelty of a work.

Particular attention is paid to the development of the operation algorithm for
the subsystem control by the positioning of the acting mechanism on the basis of a
disk electric motor of direct current controlled by the PWM signal. The original
method of calculating the integral component in the algorithm of the PID- propor-
tional- integrated differential regulator in this system is proposed on the basis of the
differential equation of the isodrome, which is one of the points of scientific novelty

of this work.



The description of the mathematical dynamics model SAR is being developed
in the research. The calculations carried out with the help of mathematical modeling
showed that the proposed concept of the algorithm is fully operational - in any case,
the system is capable of implementing a convergent transient process from one equi-
librium mode to another.

The third section, "Experimental testing and proof of the electronic SAR for a
diesel engine”, is devoted to the implementation of electronic regulation systems on
research engine and motorless stands. The solution of questions is described in this
section, has a significant practical significance.

In particular, it was created and brought to practical use the system of electron-
ic control for the diesel engine in the experimental research stand at the department
laboratory ICE in NTU "KhPI1", which is confirmed by the corresponding Act of in-
troduction results in the dissertation.

It is developed the design and equipment for a regular hydro-mechanical high-
pressure fuel pump (HPFP) with an electronically controlled servo actuator, which is
set up for research to a non-motorized experimental stand.

The section contains a detail description of the component parts and work algo-
rithms of the studied systems for automatic regulation of the diesel motor speed con-
tro.

In the fourth section, "Experimental and computing results” it describes the
implementation:

- static regulatory rating from a research one-cylinder diesel engine with an
electronic regulator;

- registration, analysis and modeling of the dynamic characteristics for the elec-
tronic SAR for this diesel engine;

- experimental study of universal electronic regulator for a transport diesel en-
gine, which allows combining in one device a two-mode and super-regulator for the
purpose of using the necessary type of regulation depending on the current purpose of
the vehicle.

The results obtained and presented in the section fully confirm the previous



theoretical and design studies, as well as the full performance of developed SAR.
At the end of the section it is formulated and presented possible directions of
development and advanced scientific researches with introduction of electronic in-

formation systems for diesel engines.

Keywords: diesel, automatic regulation, electronic system, algorithm, control

unit, PID regulator, regulatory characteristics, Internet of things, predictive model.
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