CTAHOBUIILIE

M0 KOHKYPC 32 3aeMaHe HAa aKaJIeMUYHA UTbKHOCT ,,JI0I[eHT* B
npodecrnonanno HanpasjeHue 5.1 MalmIMHHO HHKEHEPCTBO 110 HAYYHA
CNEHUATHOCT ,, XUAPABJIMYHU U MTHEBMATUYHH 32IBHKBAIIM CUCTEMH,

o0siBeH B /IB Op. 100/24.11.2020 r. 3a HykAUTe HA KaTeapa
» XHAPOACPOAMHAMHUKA U XUAPABIMYHUA MAIIUHU® pu EM® na TY-Codus ¢
e¢IMHCTBEH KAHAUAAT IJI. ac. A1-p Ajekcanabp CTtosiHoB MUTOB.

ABTOp Ha CTAaHOBMIIETO:

npo¢. n1TH Hukonaii lumurpoB Munues, DHC

1. B xoHKypca 3a JoueHT a1-p MuToB yuacTBa ¢ 59 Tpyaa, KOMTO ce pa3aesiT B CIeTHUTE
§1M4100H

- muceprauus 32 OHC ,,1okTOp* ¥ 1€BET MyOJIMKAIlMK CBbP3aHH C HES,

- Xa0WINTaIMOHEH TPYJ — €IWHAAeCeT MyOIuKalluy B W3JIaHUs, KOUTO ca pedepupanu u
WHJICKCUPAHU B CBETOBHOM3BECTHH 0a3W JaHHU C HAYYHA WH()OPMAIIHS;

- MeT HAayYHH MyONWKAIlMM B W3JaHHUS, KOWTO ca pedepupaHd W HWHACKCHPAHU B
CBETOBHOM3BECTHU 0a3u JaHHU ¢ HaydHa UH(pOpManus;

- TPHUJAECET W TPU HAYyYHU MyOJIMKAIIMU B HEpePEepUpPaHU CITUCAHUS C HAYYHO PEIICH3UpaHe
WJTU B PEIaKTUPaHU HAyYHU TOMOBE;

- eIUH YYCOHUK.

Bcuukn mpezpcTaBeHH TPYAOBE, OCBEH NYOJHMKAIMUTE MO JHCEpTalMsATa ce TpUeMaT 3a
peLICH3UpaHe.

2. O01a XapakTepUMCTHKA HA HAYYHOM3CJIEA0BATEJICKATA, HAYVUYHO-NPHJIOKHATA M
npenojaaBaresickara JeifHOCT HAa KaHIU/aTa.

J-p MutoB e poaen Ha 7.11.1987 r. 3aBbpimin e TY-Codust 1o cnenuamHocT ,, XuApaBIndHa
n nHeBMaTu4Ha TexHuka“ npe3 2012 r. B mepuoma 2013 — 2016 e mokropaHt B Karexpa
»XHUAPOACPOINHAMUKA U XUapaBiIuuHu MamuHu ‘. IIpe3 2016 r. 3ammrasa nucepranusa 3a OHC
,»JOKTOp“ Ha TeMa: ,J3cnenBane Ha KOpMHIIHA €IEKTPOXUAPABIMYHA 3aJBHKBAIlla CHCTEMA C
udpoBo ynpasieHue*. Bonu nekuuu, 1a00paTOpHU U CEMUHAPHU YIPAKHEHUS 110 TUCHUITIIMHA
OT HalpasJIeHUE ,, XUPABINYHU U THEBMAaTUYHHU 3aBMkBaIIy cuctemu’’. Ot 2016 r. e acucreHT,
a ot 2017 r. e raBeH acUCTEHT. Y4acTBa B 9 HayuyHO-U3CIIEI0BATEICKH JOTOBOPA (2 MOJ1 HEroBO
pBKOBO/ICTBO). PazpaboTBa mabopaTOpHM CTEHA0BE 32 HY)KJIUTE HAa HAYYHUTE U3CIIeIBaHUS, KOUTO
ca BHEJPEHH B yueOHHUs IpoIIeC.

3. OCHOBHM HAVYHHM M HAYVYHO-NPUJI0KHU NIPHUHOCH.
3.1. IpuHOCH B Xa0MJIMTAIMOHHUS TPV/I.

XabunurannoHnausi Tpya obxpama 11 myOnukamum ¢ oboOmiaBamo 3arnaBue ,,CHHTE3 U
peanu3anus Ha BrpaJIecH! CHCTEMH 32 YIIPaBJICHUE Ha IEKTPOXUIPABINYHI KOPMIITHU YPEIOH 3a
HUCKOCKOPOCTHHU MOOMJIHU MAIIIMHU .



B ny6nmkanus B4-1 e npencraBena ontuManHa HacTpolika Ha nBa nudposu [1H1 perynatopa
3a EXKY, a B B4-2 3a ocem IIU perynaropa. Pe3ynraTture ca nmojy4eHu B pe3yJiTaT Ha YKCIOBa
ONTHUMHU3ALMS HA CUMYJIALIMOHHU MOJIeNIM Ha 0a3aTa Ha €KCIEPUMEHTAIHO MOJYyYeHH YeCTOTHU
xapakTepucTuku. BpB B4-3 e oneneno kauectBoTo Ha a8a nudposu I1U perynartopa 3a cienene
Ha Tmo3unuiTa Ha OyramoTo Ha KopmuieH cepBouuiauHabp B EXKY. Paspaboren ¢ B B4-4
ONTUMAJICH aJrOPUTBM 3a CJEJEHE Ha 3aJaHue 3a no3uuus, npeaHasHadeH 3a EXKY. Ha
MPOCKTUPAHE U CHUHTE3 Ha TPU-KOHTYpPHA KackajHa CUCTeMa 3a yrpasiieHue ¢ Brpagenu I[N
perymaropu 3a EXKY e mocBeren Tpya B4-5. BB B4-6 ¢ mpencraBena mporenypa 3a
uaentudukanyst Ha EXKY. Ilpoektupane, CHHTE3 U peaau3upaHe Ha TPU-KOHTYpHA CUCTEMa 3a
ynpasienne Ha EXKY e npeacraBeno BsB B4-7. Cucremara e BrpajeHa B 32-0MTOB MPOMUIILIICH
KOHTpOJIEP.

NscnenBana e BB B4-8 pobacTtHaTa ycToHYMBOCT Ha BrpajaeH pobdacteH perynatop B KEX
CHCTEMa 3a ONTHUMAJIHO CJIE/ICHE Ha MO3UILIUS OT CEPBOLIMIUHABP.

W3ebpiier e B B4-9 cpaBHuTeNeH aHaM3 Ha poOacTHATa YCTOWYMBOCT Ha JIBA BrpaJicHU
perynatopa 3a EXK cucrema. Ha npoextupane u peanuzanus Ha podacten perynarop B EXYM e
nocseteH B4-10.

[IpencraBen e BbB B4-11 ontumanno nacrpoen 1IMJI perymarop, npu KOMTO KacKaaHUs
aIrOpUTHM 3a yrpasiieHue ce cbetou oT Tpu [T1]] perynaropa.

3.2. [IpuHOCH B TPY/IOBEeTE M3BbH XA0UJIHTAIIMOHHUS TPY/L.
3.2.1. Ilpunocwu B TpyaoBere ot rpyna I'7

B I'7-1 e u3cnenBaHa MpHIOKUMOCTTa Ha NMHUE30€JIEKTPUYHU 3aJBUKBAIIM MEXaHU3MU B
XHUJIPABINYHU Pa3IpPEIeIUTENN U € pa3pa00TeH KOHLENTyalleH MOJEI.

Ha ocHoBara Ha akcuanHo-OyTanHa momma e pa3paboTeHo B ['7-2 cXxeMHO pelleHHe Ha
€JIEKTPOXUPABINYHA [TO3ULMOHHA CUCTEMA.

[IpencraBena e B ['7-3 ychBBpIICHCTBAaHA BEpCcUsi HA JIMHEHHO-KBaapaTwueH [aycoB
perynarop ¢ uiThp Ha Kanamad 3a enekTpoxuapaBinyHa cepBOCHCTEMA 32 MOOUIHU MAIIUHU.
WM3Bbpmien e cpaBHuTeneH aHanu3 B [7-4 Ha 1Be CTparerMud 3a yOpaBJICHHE Ha
EJIEKTPOXUAPABINYHA cepBocucTeMa. B I'7-5 e npencraBeHO NpOEKTUPAHETO U U3ITBIHEHNUETO HA
MOJIEJIHO-TIPEICKa3Balll peryiaaTop.

3.2.2. IlpunHocu B TpyaoBete ot rpyna I'8.
Tpynosere ca B ABE HaIPABJICHUS:

1. W3cnenBaHust HA TUHAMAYHU MTPOLIECH U MPUIIOKEHUE HA TUTUTAIIHO YIpaBJIeHUE
B XHMJIPaBIUYHY 3aBrkBaiy cucremu (I'8-1 mo I'8-16);
2. W3cnenBaHus Ha eNEKTPOXUAPABIMYHH ycTpoiicTBa U cuctemu (I'8-17 mo '8-33).

HayuHo-npuioxHuTEe NPUHOCH B TBPBOTO HAYYHO HAINPABJIEHHE CE ChCTOST B Ch3aBaHe Ha
KOHLEMIMS 32 pa3BUTHE Ha JUTMTANHATa XHUApaBIMKa U MPUIOKEHUETO M MpH YIpaBlieHUE Ha
aKcuaiHo OyTaqHU OOEeMHHM POTAalMOHHM MamMHU. HampaBeHuTe u3cielBaHUs Ha pa3iudyHU



KOH(MUTypaly Ha XUAPABIMYHU 33JBMKBAIlM CHCTEMHU C AWTUTAIHO YIpaBJICHHE Morar Aa
MOCITY’KaT 3a pa3pad0TBaHe HA IUTUTANIHA XUJIPABIIMKA 32 KOPMUJIHU YCTPOICTBA C JUCTAHIIMOHHO
yIpaBJICHHE.

Hay4HO-IIpuIO)KHUTE NPUHOCHM BBB BTOPOTO HAIPaBICHUE CE€ CBCTOAT B CHUHTE3 Ha
XUIPAaBIMYHU  CXEMH, CTPYKTYpHO-TIapaMeTpHyYHA  ONTHMH3alUs, pa3paboTBaHe  Ha
MHUKPOIIPOLIECOPHU CUCTEMH, OIIPEEIIIHE Ha ONITUMAIIHU HacTpoiiku Ha [IU perynaropu, cunTes
Ha JIMHENHO KBaJgpaTudeH peryinartop 3a EXKYVY.

4. OueHKa HA 3HAYHMOCTTA HA TPYJIOBeTE B HAYKATA M MPAKTHKATA.

N3cnenanusaTa B MyOIUKAIMUTE OT XaOWJIUTAIMOHHUS TPYA U U3BBH HETrO MPEICTABIISABAT
CBHUIECTBEH IPUHOC B TEOPETUYEH acIeKT. [lonyueHn ca HOBU pe3ynTaTd OTHOCHO CTPYKTYypara u
YIIPABJICHUETO HA JUTUTAIHA XUAPABINYHU cucTeMH. [losydeHuTe pe3yiaTaTu uMat MpakTHYECKO
3HAQYEHHE CBBP3aHO C €ICKTPOXUIPABIUYHUTE KOPMUIIHU YPEIOH 32 HUCKOCKOPOCTHHU MAIlIMHH.

5. OmneHKa B KAKBA CTeNeH NMPUHOCHTE €A J1eJI0 HA KAHJINWIAaTa.

Ot nyOnukanuuTe, NPEICTABISABAINM XaOWIMTAllMOHEH TPYA €[HA € CaMOCTOSTENHA.
[lyOnukanuuTe npeacTaBisiBaT pa3BUTHE Ha TEMaTHKaTa OT JUCEpTaluUsATa, MOpaad KOETO ChbM
yOeeH BbB ChIIECTBEHHS MPHHOC HA KAaHAWIATa B KOJICKTUBHUTE MTYOIUKAIIH.

SAK/IIOYEHUE

[IpencraBenata Hay4Ha TMPOAYKLHUS YAOBJIETBOPSBA H3IBIHCHUETO HAa MHUHUMAIHUTE
HAyYKOMETPHYHU NoKazarenu aehpuHupanu ¢ mocranosnenne Ne 122 ot 29.06.2018 r. , koeto Mu
JlaBa OCHOBAHME 32 OLIEHKA HA KaHIHMaTa U HaydHATa My MPOAYKIHS 110 ChIIECTBO.

MHoro ,[[06130 BIICHATJICHUC IIpaBU HU3IIBJIHCHHUETO HAa YCJIOBUCTO 3a Xa6I/IJ'II/ITaI_II/IOHeH TPYA
qpe3 HY6J'II/IK3.I_[I/II/I, KOHUTO Ca petbepnpaHI/I U UWHACKCUPAHU B CBCTOBHOU3BCCTHHU 0asu JaHHHU C
Hay4YHa I/IH(l)OpMaI_II/IH. H3cnenpaHusaTa Mo ChIIECTBO Ca HHTCPpAUCHUIITIMHAPHU U AECMOHCTpUPAT
BHCOKa KBaJ'II/I(i)I/IKaI_II/IH Ha KaHaugaTta. HOJ'Iy‘-IeHI/I Ca pe3ylTaTu CbC CHUICCTBCHO 3HAYCHUC 3a
HayKaTa U TECXHUKATa.

Bcuuko TOBa MM J1laBa OCHOBAaHME Ja NpeiokKa 3aeMaHe Ha akaJeMHUyHaTa JIbKHOCT
,»JAOI[€HT* OT IJ1. ac. 1-p Anekcanabp CtosiHoB MUTOB.

/nmpod. ntH H. Munues/
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SCIENTIFIC OPINION

on a competition for the academic position of ""Associate Professor' in the
professional field 5.1 Mechanical Engineering in the scientific specialty
""Hydraulic and pneumatic drive systems', announced in SG no. 100/
24.11.2020 for the needs of the Department of Hydroaerodynamics and
Hydraulic Machines at the FPEPM of TU-Sofia with a single candidate
Ch. Assistant Professor Ph.D. Alexander Stoyanov Mitov.

Author of the opinion:

Prof. DSc. Nikolay Dimitrov Minchev, DHC

1. Dr. Mitov participated in _the competition for associate professor with 59 papers,
which are divided into the following groups:
- dissertation for educational and scientific degree "Doctor" and nine related publications;
- habilitation thesis - eleven publications in issues that are referenced and indexed in world
databases with scientific information;
- five scientific publications in issues that are referenced and indexed in world databases
with scientific information;
- thirty-three scientific publications in non refereed journals with scientific review or in
edited collective volumes;
- one textbook.
All submitted papers, except for the dissertation publications, are accepted for review.

2. General characteristics of the research, scientific-applied and teaching activity of the
candidate.

Dr. Mitov was born on November 7, 1987. He graduated from the Technical University of
Sofia with a degree in Hydraulic and Pneumatic Engineering in 2012. In the period 2013-2016 he
was a PhD student in the Department of Hydroaerodynamics and Hydraulic Machines. In 2016 he
defended his dissertation for educational and scientific degree "Doctor" on the topic: "Research
of steering electrohydraulic drive system with digital control™. Conducts lectures, laboratory and
seminar exercises in disciplines of "Hydraulic and pneumatic drive systems". Since 2016 he has
been an assistant, and since 2017 he has been a chief assistant. Participates in 9 research contracts
(2 under his leadership). Develops laboratory test rigs for the needs of scientific research, which
are implemented in the educational process.

3. Main scientific and applied scientific contributions.
3.1._Contributions to the habilitation work.
The habilitation work contains 11 publications with the summary title "Synthesis and
implementation of embedded control systems for electrohydraulic power steering for low-speed
mobile machines".

Publication B4-1 presents the optimal setting of two digital PI controllers for ECC, and B4-2
for eight P1 controllers. The results are obtained as a result of numerical optimization of simulation
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models based on experimentally obtained frequency characteristics. In B4-3 the performance of
two digital PI controllers for piston position tracking of the steering servo cylinder in EHSS is
evaluated. An optimal algorithm for tracking a position assignment, designed for EHSS, has been
developed in B4-4. Paper B4-5 is dedicated to the design and synthesis of a three-loop cascade
control system with embedded PI controllers for EHSS. B4-6 presents a procedure for EHSS
identification. Design, synthesis and implementation of a three-loop control system for EHSS is
presented in B4-7. The system is embedded into a 32-bit industrial microcontroller.

The robust stability of an embedded robust controller in a EHSS for optimal tracking of the
servo cylinder piston position was studied in B4-8.

A comparative analysis of the robust stability of two embedded controllers for EHS system
was performed in B4-9. B4-10 is dedicated to the design and implementation of a robust controller
in EHCM.

Itis presented in B4-11 optimally tuned PID controller, in which the cascade control algorithm
consists of three PID controllers.

3.2._Contributions in publications outside the habilitation work.

3.2.1. Contributions in the publications of Group G7

In G7-1 the applicability of piezoelectric actuators in hydraulic distributors is studied and
a conceptual model is developed.

On the basis of an axial-piston pump, a circuit solution of an electrohydraulic positioning
system has been developed in G7-2.

An improved version of a linear-square Gaussian controller with a Kalman filter for an
electrohydraulic servo system for mobile machines is presented in the G7-3. A comparative
analysis was performed in G7-4 of two control strategies for an electrohydraulic servo system.
G7-5 presents the design and implementation of a model-predictive controller.

3.2.2. Contributions in the publications of Group G8.

The publications are classified in two directions:

1. Research of dynamic processes and application of digital control in hydraulic drive
systems (G8-1 to G8-16);

2. Research of electrohydraulic devices and systems (G8-17 to G8-33).

The scientific and applied contributions in the first scientific direction consist in creating
a concept for the development of digital hydraulics and its application in the control of axial-
piston displacement rotary machines. Studies of various configurations of digitally controlled
hydraulic drive systems can be used to develop digital hydraulics for remote control steering
units.

The scientific-applied contributions in the second direction consist in synthesis of
hydraulic circuit diagrams, structural-parametric  optimization, development of
microprocessor systems, determination of optimal settings of PI controllers, synthesis of
linear-quadratic controller for EHSS.



3. Assessment of the significance of the works in science and practice.

The research in the publications from the habilitation work and beyond represents a significant
contribution in theoretical aspect. New results have been obtained regarding the structure and
control of digital hydraulic systems. The obtained results have practical significance related to the
electrohydraulic steering systems for low-speed mobile machines.

4. Assessment the extent to which contributions are made by the candidate.

One of the publications representing habilitation work is without co-authors. The publications
represent a progress of the topic of the dissertation, which is why | am convinced of the significant
contribution of the candidate in the collective publications.

CONCLUSION
The presented scientific production satisfies the implementation of the minimum
scientometrics indicators defined by Decree Ne 122 of 29.06.2018, which gives me grounds for
evaluation of the candidate and his scientific production on the merits.

The fulfillment of the condition for habilitation work through publications that are referenced
and indexed in world-famous databases with scientific information makes a very good impression.
The research is essentially interdisciplinary and demonstrates the high qualification of the
candidate. Results significant for science and technology have been obtained.

All this allows me to propose the academic position of "Associate Professor" to Ch.
Assistant Professor Dr. Alexander Stoyanov Mitov.

/Prof. DSc. N. Minchev/
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