CTAHOBWLWE

BBbPXY ANCEPTALMOHHUS TPYA 3a npugobusaHe Ha obpasoBarternHa U Hay4YHa cTeneH
AOKTOp"

ABTOpP Ha AucepTaunoHHns Tpya: mar. uHx. Emun Netpos Meukos

Tema Ha gucepTtaumoHHunsa Tpya: MscnepsaHe Ha 3arpsBaHETO Ha CUIOBU MacneHu
TpaHcdopmaTopu

UneH Ha Hay4HOTO Xypu: npod. A-p nHx. PanHa ToH4esa LleHeBa

1. AKmyanHocm Ha paspabomeaHuss & ducepmauyuoHHuUs mpyo npobnem 8
Hay4YHO U Hay4YHOIPUIOXHO omHoweHue. CmerneH u HuUga Ha akmyasnHocmma
Ha npobnema u KoOHKpemHume 3adayu, pa3pabomeHu e ducepmayusama

PonsTta Ha TpaHcdhopmMaTopuTe B NpeHoca 1 pasnpefeneHneTo Ha enekTpnyeckara
EHEPrMs € W3KMIYMTENHO BWUCOKA. MManku npen BuA BUCOKUTE KanuTanosu
WHBECTULMU 3a TSIXHOTO MPOU3BOACTBO MNPEKbCBAHUATA B pe3yntaTr Ha OoTkas oT
paboTa Bb3gencrear NKOHOMMNYECKM npwu dYHKLUMOHUPAHETO Ha
ENeKTPOEHEPrNNHNTE CUCTEMM.
N3cneaBaHeTo Ha 3arpABaHETO W MOHWTOPUHra Ha TpaHcdopMaTopuTe ca BaXHU
npobnemMn B obnactra Ha enekTpPouHXeHepcTBOoTo. ETO 3allo CbBpeEMEHHWUTE
LMPOBN TEXHUKN NpU NpoeKTUpaHeTo W HabnoJeHNeTo Ha Tean yCTPoWCTBa ce
npunaraT U3KNiYMTenHo ycnellHo. CbLLo Taka C Te3N TEXHMKN MOXe OLLe B npoLieca
Ha NPoeKTMpaHe Aa ce NPOorHo3vpa NoBeAeHNETO Ha TpaHcgopMaTopuTe B npoLueca
Ha ekcnnoataums. C pa3BUTUETO B Tasn nocoka npobrneMbT ¢ U3CneaBaHeTo Ha
3arpsiBaHEeTO Ha TpaHCchopMaTopuUTe € MHOro akTyareH.
Llenta Ha pauceptauuoHHaTa paboTa e f[a ce wuscnegBa, 4pes3 KOMMITbPHO
MOAENUPaHE W  EKCNepuMEeHTanHo, 3arpsBaHeTo B CUMNOBM  MacneHu
TpaHcOopMaToOpH.
3a nocTuraHe Ha 1IenTa ca U3nNblHEeHW crieqHnTe 3agadi:
e Cb3gaBaHe Ha TpuuamepeH moaen ¢ nomowta Ha codTyepHus 3DCAD
npoaykT Solid Edge Ha TpaHcdhopmaTopu 160 kVA n 630 kVA
o PelwaBaHe Ha NnHelHa enekTpoMarduTHa 3afgada — 3a MoAennTe Ha akTueHaTa
yacT 6e3 1 ¢ KasaHa 1 3a ABaTa TpaHcopmMarTopa.
e PewaBaHe Ha HenuHeRHAa enexTpomarHWTHa 3ajada — 3a MoJenuTe Ha
akTUBHAaTa 4yacT De3 u ¢ kazaHa 3a TpaHchopmaTtop 160 kVA.
e PelapaHe Ha cmeceHa 33asad4a TONMMHHO None-mexaHvka Ha pnyvnaute — 3a
MOZeEra Ha akTUBHaTa 4acT ¢ ka3aHa 2a TpaHchopmatop 160 kVA.
e ExkcnepumeHTanHu nacnensa-mna:

2. Cbomeemcmeue Ha uzbpaHama memoduka Ha u3criedsaHe U rnocmaseHama
yesn u 3adadyu Ha oucepmayuoHHUS mpyo ¢ nocmuaHamume rnpuHocu

I/I36paHaTa MEeToMKa Ha n3cnensaHe u CbOTBETHUTE Uen 1 3aja4n no3sonsdaear Aa
ce nonyyaTr Hay4YHO-MpUrioXHN U NPUnoXHU NpUHOCK, NONE3HN 3a npaxkTukara.
Cb3gageHuTe KOMOKTEPHW MOOENN Ca BHEAPEHN B NpouecnuTe Ha NPOoEeKTUpaHe U



pa3BoiiHa AeHOCT B 3aB0AA 3@ NPOW3BOACTBO Ha TpaHcdopmaTopu ,Ennpom Tpado
CH* ALl, rp. KiocteHawrn. B peaynrar Ha ToBa 3Ha4YMTeNHO ca HamaneHu pasxoguTe
3@ NPOVU3BOACTBOTO Ha OMUTHY 0GPa3LIM ¥ € NOBULLEHa KOHKYPEHTOCMOCOOHOCTTa Ha
APYXEeCTBOTO.

3. HayyHu u/unu Hay4yHompunc)Hu NPUHoOcU Ha ducepmayuoHHusi mpyo
OCHOBHUTE NPUHOCK B AUCEPTALUUOHAKA TPYA Ca HAyYHO-MPUNOXHW U NPUMOXHN.
HayyHo-MpusioxHume rpu+HoctU ca: paspaboTeHn ca TPUUM3MEPHU KOMMIOTBHPHM
MOZENM 3a aHanu3 Ha eneKTPOMarHUTHOTO Mone Ha TpaHcgopmaTopuTe Ha
ocHoBaTa Ha CAD cuctema 1 no meTona ¢ KpaHu eneMeHTn, Ypes pellaBaHe Ha
MUHEeNHaTa W HenvHelHa enekTpoMarHuTHa 3apada. [lonyyeHuTe 3arybu oT
pellaBaHeTO Ha ernekTpomarHyTHaTa 3ajada Ce W3NoM3BaT KaTo M3TOYHUUM Ha
TONNMHA Mpu TONNWHHaTa 3apada; PaspaboTeHn ca KOMMIOTBPHW MoAenu 3a
pellaBaHe Ha 3afaqv 33 aHanu3 Ha TPUMEPHO TOMMMHHO none Ha TpaHchopmaTopu
ypea MKE npu ycTaHOBEH bDeXum, npu NPexodeH pexum U 4pes CBbp3aHo
TOonnonpeHacsHe. PesynTatiTe OT Te3y Moen nokassaTr MHOro 4o6pe TEpMUYHOTO
CBHCTOSIHUE Ha KOMMOHEHTUTE Ha TpaHcthopmaTopa. [1punoxHu npuHocu: HanpaseHa
e uHdpayepseHa Tepmorpadus Ha HAKONKO TPaHCOPMAaTopHW  CTaHLuu,.
MpeanoxeHa e MeToOvKa 3a SKCTepUMEeHTanHo uM3cneABaHe Ha MacreHu
TpaHcdopmatopu, GazupaHa wa craHgapta BAC EN 60076-2:2011 Cunosw
TpaHcopmatopu. YacT 2: MNperpaeare Ha TpaHcdopmaTopu, NOTONEHN B TEYHOCT;

4. [MpeueHka Ha mybaukayuume no oucepmayuoHHUSA mpyo
OCHOBHUTE MOCTUXEHA U PE2YATATM OT ANCEPTALMOHHUS TpyA ca nybnukysaHu B
cefeM HayyHu CTaTun, OT KOWTO efHa CamucTOsTENHa U LIeCT B KOMEKTUB C ApYyru
aBTopw. MeT oT cTaTuKTe ca Ha arITIMACKY €34k, Apyr1Te ABe Ha Gbnrapckn. Hetvpu
OT NYBIVKALMUTE ca Ha MEXAYHADOAH! KoHhepeHUNN, MHAEKCUpaHu no Scopus, 1
Tou B loguwHuka Ha TexHuuacku YausepcuteT - Codus. Cratuute umar 6
LMTUPAHUSA OT Y KOU ZBTODW.

5. MHeHus, npernopuKu u benexxu
HsimaM CbLUECTBEHN 330enekk Kb ancepTauvonHma Tpya. lNpeanaram asmopsm
da npunoxu u dopassue nofyye-ume pedynimamu 6 NPOU3BOACTBEHATA NpaKTukarta
Ha 3aBOAa, KbAETO padoTw.

6. 3aknoyeHue ¢ fAcCHa oroxumenHa unu  ompuyamefiHa oueHka Ha
oucepmauluoHHuUS mpyo

Bb3 OCHOBa Ha 3ano3-aBaHeTo ¢ MpeAcTaBeHus  gucepTaunoHeH  TPyAa,
ChABbPXKALMTE CE B HETO HAYYHO-MOUMIONKHM Y MPUMNOXHA NMPUHOCK 1 nyBrnukauuuTe
Hamupam 3a ocHoBaTelHo ga noeanoxa mar. uHx. EmMun Metpo MeukoB Aa
nonyun obpasosaTendata 4 HayyHa CTeneH  ,40KTop® B NPOdecnoHanHo
HanpaBneHve 5.2  EnektooTexHiie. enakTpoHyika n asTomaTuka“ no cneynanHocTra
,EnekTpuyeckn anaparin’.

Nata: 10.06.2020 YTIEH HA XXYPUTO: BapHo.copurunaal
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STATEMENT
on dissertation for awarding the educational and scientific “PhD” degree
Dissertation author: Emil Petrov Mechkov, M.Sc.E.E.

Dissertation title: Research on the Heating of Power Oil-Immersed Transformers
Member of the scientific jury: Raina Toncheva Tzeneva, Dr., Professor

1. Scientific and applied research relevance of the developed problem in the dissertation.
Degree and levels of relevance of the problem and the specific tasks developed in the
dissertation

Transformers have an important role to play in the transmission and distribution of
electricity. Given the high capital investment for their production, the interruptions as a result
of their operational failures have an economic impact on the safe operation of electricity
systems.

Thermal studies and monitoring of transformers are essential in the field of electrical
engineering. That is why modern digital techniques are so successfully applied in the design
and monitoring of these devices. Also, it is possible with these techniques to predict, early in
the design stage, the response of transformers in the process of their operation. The modern
trends of development in this direction have already proven the high relevance of the research
activities dealing with the heating of transformers.

The goal of this dissertation is to do a research on the heating of power oil-immersed
transformers using computer modeling and experimental methods.

To achieve this goal, the following tasks have been completed:

e 3D models have been constructed of 160 kVA and 630 kVA transformers, using the 3D
CAD software Solid Edge;

e Linear electromagnetic problem has been solved - for the models of the active part with
and without the tank, for both transformers;

e Nonlinear electromagnetic problem has been solved - for models of the active part with
and without the tank for 160 kVA transformer;

e Coupled thermal-fluid problem has been solved - for model of the active part with the
tank for 160 kVA transformer;

e Experimental research.

2. Correspondence of the chosen resecrch methodology, the goal and tasks of the dissertation
with the achieved contributions

The chosen research methodology and the respective goal and tasks allow to obtain
scientific-applied and applied contributions, useful for the practice. The constructed computer
models are implemented in the processes of design and development in the plant for production
of transformers "Elprom Trafo SN" AD, Kyustendil. As a result, the costs for the production
of prototypes are significantly reduced and the competitiveness of the company is increased.



3. Scientific and / or scientific-applied contributions of the dissertation

The main contributions of the dissertation are scientific-applied and applied.

Scientific-applied contributions

Three-dimensional computer models have been constructed and the electromagnetic field
of transformers has been analyzed on the basis of CAD software and the finite element method,
by solving the linear and nonlinear electromagnetic problem. The losses, obtained from the
electromagnetic problem solution, have been used as heating sources for investigating the
thermal response of the transformer. The finite element method has been applied to analyze
problems of the 3D thermal field of transformers by the help of properly constructed steady-
state, transient and conjugate heat transfer computer models. The results of these models show
very well the thermal state of the transtormer components.

Applied contributions

Infrared thermogranhy has been performed at several transformer stations. A
methodology has been proposed for experimental research of oil transformers, based on the
standard BDS EN 60076-2: 2011 Power transtormers. Part 2: Overheating of liquid-immersed
transformers.

4. Evaluation of the publications on the dissertation

The main achievements and results of the dissertation are published in seven scientific
articles, one of which is individual and six in co-authorship with other authors. Five of the
articles are in English. the other two in Bulgarian. Four of the publications are at international
conferences, indexed by Scopus, and three in the Yearbook of the Technical University - Sofia.
The articles have 6 citations by foreign authors.

5. Opinions, recommendations and remarks

I have no significant remarks on the dissertation. I suggest that the author apply and further
develop the obtained results during his future production practice at the transformer plant.

6. Conclusion with a clear positive or negaiive assessment of the dissertation

Based on the consideration of the presented dissertation, the scientific-applied and applied
contributions contained in it and the publications, 1 find it reasonable to propose

M.Sc.E.E. Emil Petrov Mechkov o be awarded the educational and scientific degree
"PhD" in the professional field 5.2 "Electrical Engineering, Electronics and Automation” in
the specialty "Electrical Appzratus”

Date: MEMBER of the JURY: Bsipiio ¢-opurusana!
10.06.2020 (Prof. Dr. Eng. Raina Tzeneva’)!
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