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Ilyonukayua B4.1. Prodanov P., D. Dankov, M.Simeonov, ,,Analysis of Reliability on the
Electronic Circuit for LED Lamp*, Proc. XXV International Scientific Conference Electronics
- ET2016, September 12 - 14, 2016, Sozopol, Bulgaria, pp. 266 — 269, ISBN 978-1-5090-2881-
8. (SCOPUS)

Pe3rome: 1Iporuo3upaHeTo Ha HaJCKIHOCTTA HA JaJ€HA CUCTEMA OT €JIIEKTPOHHM CIIEMEHTH,
KOMTO (PYHKLIMOHHUPAT CHbBMECTHO, CE CBEX/1a 10 UIACHTHU(PHIMPAHE HA IPUUYMHUTE 32 OTKA3UTE
B Ta3M CUCTEMA, KaKTO U J]O OTKPUBAHE HA €JICMEHTUTE, KOUTO MOTaT Jja IPUUYUHAT OTKa3H. To3u
TUIl NPOTHO3MpPAHE € U3BECTEH Karo aHaiu3 Tun ,,/IbpBo Ha OTKasuTe M BKIIOYBA
UJCHTU(QHUIMPAHE HAa WHTEH3MBHOCTTa HAa OTKA3UTE€ HAa HAal-HUCKO HUBO Ha H3CJE/BaHATa
cucreMa. TakbB THUI aHANU3 1€ ObJIe MPUIIOKEH B IIPOYUBAHETO 32 HAJSKIHOCT HA CXeMara Ha
npaiiBepa 3a LED namma. B mokiiama ca mpeicTaBeHW IIOKAa3aTeNIMTE MOKA3aTeNUuTe MO
HaznexaHocT Ha LED nammnara, momydenu Ha 6a3a HEHHUTE €1EKTPUUECKU U TOTIIMHHU PEKUMH.
[TosmydyeHuTe pe3ynTaTd MOKa3BaT €JIEMEHTUTE C HAW-BHCOKAa BEPOSATHOCT Ja IMpPEIU3BUKAT
oTka3. Te3u pe3yaTaTu ca MoIy4eHH 4pe3 IPOLEHTHOTO pa3lpeielieHe Ha NHTEH3UBHOCTTA Ha
OTKa3UTE 10 EJIEMEHTH.

Abstract: Reliability prediction for a system of elements functioning jointly concerns
identification of causes for failures in this system and also detecting the elements that can cause
failures. This type of prediction is known as fault tree analysis and involves identification of the
failure rate at a lower level of the system examined. Such type of analysis will be applied in the
reliability study of driver circuit for LED Lamp. In this paper are presented and analyzed the
reliability parameters of the LED lamp, based on its electrical and thermal modes. The obtained




results show the elements most likely to cause failure in the LED lamp. These results are
obtained by the percentage distribution of the failure rates for the different elements.

Ilyonuxkayua B4.2. Prodanov P., D. Dankov, “Reliability Of Power Supplies For Induction
Heating Through An Analysis Of The States In Operating Modes”, 19" International Symposium
POWER ELECTRONICS Ee2017, October 19 — 21, 2017, Novi Sad, Serbia, paper T1.2-
4 06019, pp. 1 — 6, Category number CFP17J55-USB; Code 133786, ISBN: 978-153863501-
8, DOI: 10.1109/PEE.2017.8171671 (SCOPUS)

Pe3rome: OnpenensiHETO Ha HaJIEKAHOCTTa HA 3aXpaHBAIMTE U3TOUYHULM 33 WHIYKIIMOHHO
HarpsiBaHe 4upe3 aHaIM3 Ha CHhCTOSHUATA, € CBHP3aH C HAKOJKO acleKTa OT TsSXHaTa padora.
Enun oT TAX € mpeMHHaBaHETO OT €IHO ChCTOSIHHUE B JIPYro — OT pabOTHO CHCTOSIHHE KbM
3alllUTHO HJIN OT 3alllUTHO CHBCTOAHUEC KBbM CHCTOSIHUE Ha OTKa3. 3a HO,Z[OGGH THUII aHaJIu3 CC
M3I0JI3Ba METOJla AHAJIM3 HAa BEPOSTHOCTHUTE ChCTOSIHUA — AHain3 Ha MapkoB. Upe3 To3u
MCTOJ MOKC Ja CC IOJYyYHU I/IH(i)OpMaI_II/IH B KaKBO CBHCTOSHUC HIC CC HaMHpa 3axpaHBalllusd
M3TOYHUK BBB BCEKH €IMH MOMEHT OT BpeMe. Jlpyr Bua MHQOpMAIHS KOSTO JaBa TO3U THUII
aHaJIn3 € TOTOBHOCTTA 3a pa60Ta Ha 3axpaHBallivusgd U3TOUYHHUK BbB BCCKU €AUH MOMCHT OT BPCMC
IIpU HEroBara eKcIuioaTanus. AHaJU3bT Ha ChCTOSHUATA JaBa Bb3MOXKHOCT Jla C€ ONpEeAessiT
BB3MOKHUTC BECPOATHOCTHU CHCTOAHUSA - paGOTOCHOCO6HO, HAKOJIKOTO 3allITUTHU CHhCTOAHUA U
OTKa3, KaTo 4YacT OT €JHO MHOXXECTBO Ha CHCTOSHUATA Ha 3aXpaHBAIIUTE H3TOYHMIIU.
HO.Hy‘-IeHI/ITG pe3yiTaTtu Morat aa 6’[:,Z[aT H3I0JI3BAaHU 3a OLICHKA KOS OT BHCAPCHUTC 3alllUTU €
Hali-e)eKTUBHA U JTaJI1 BCSAKA €/IHA OT 3alUTHUTE 1€ Obae epeKTUBHA, T. €. 1a JaBa Bb3MOXKHOCT
3axpaHBalivsad U3TOYHHK Ja IMOIIaJHC B HEUHOTO 3alllUTHO CBCTOAHHEC, a HC B ChCTOJAHHC Ha
otka3. IlpencraBeHusT Mozen mpeaiara oLEeHKa Ha oOmiata HaAEeKIHOCT Ha 3axpaHBalld
HN3TOYHUIU 3a MHAYKIMOHHO HArpsABaHC U IIPHU BbBCXKIAHCTO HA TOBCYC 3alllUTHU UJINU I[yGHHpaHe
Ha BBBEJCHU EJIIEKTPOHHM 3alllMTH B CHCTEMaTa Ha 3axpaHBalll M3TOYHUK. OT 3alIUTHUTE
CBhCTOSIHUS C HAal-BHCOKA BCPOATHOCT € 1a HACTHIIN ChCTOAHHUC HA dKTHUBHA 3alllUTa 110 Y€CTOTA,
B CJIEJICTBHE Ha TOBA Y€ TOBA € €/IHa OT 3alIUTUTE KOSATO 00XBallla IpOMsHA HAa TapaMeTPUTE Ha
3axpaHBallivsd U3TOYHHUK U HCTOBUA TOBAPCH TPCIITALL KPBI'.

Abstract: Determining the reliability of the power supplies for induction heating through an
analysis of the states is linked to several aspects of their operation. One of them is the transition
between states - from an operating state into a protection state or from a protection state into a
failure sate. To do that analysis, an Analysis of the Probabilistic States, the so called Markov
Analysis, is used. This methods helps us to obtain information about the state of the power
supplies at any given time. In addition, this analysis provides information about the operational
availability of the power supplies at any moment of operation. The analysis of the states allows
us to determine the possible probabilistic states - an operating state, several protection states and
a failure state, as a part of a set of power supply states. The results obtained can be used to
evaluate which of the introduced protections is the most efficient and whether each protection
will be efficient, i.e. to allow the power supply to get into a protection state rather than in a
failure state. The proposed model provides evaluation of the total reliability of the power
supplies for induction heating even when more protections are introduced or there is duplication
of the introduced electronic protections in the power supply system. The state of active
frequency protection is considered the highest probability state because this type of protection
involves change in power supply parameters and load oscillating circuit.




Ilyonuxkayus B4.3. P. Prodanov, Dankov D., “Reliability Analysis of Electronic Circuit of
Compact Fluorescent Lamp using methods MIL-HDBK-217F and FIDES”, IEEE XXVIII
International Scientific Conference ELECTRONICS ET 2019, IEEE Conference Record
#48037, 12-14 Sept., Sozopol, Bulgaria, pp. 1 — 4, Category number CFP19H39-ART; Code
153216, ISBN: 978-172812574-9, DOI: 10.1109/ET.2019.8878592 (SCOPUS)

Pe3ztome: B noxmana ce u3cieaBa eIEKTPOHEH OaacT 3a KOMMAKTHU (DITyOpPECIIEHTHHU JIaMITH.
OT HampaBeHHWTE HW3YHMCICHUS W W3CIEABAHUS MO HAASKIHOCT MOTar na ObaaT 0000IeHu
ciaeaHuTe u3BoaM mo mnpwiaraneto Ha ABere meroauku MIL-HDBK-217F u FIDES kbM
€JIGKTPOHHU 0ajlacTu 3a KOMITaKTHU (hiyopectienTHH Jamiu: Metoauka MIL-HDBK-217F uma
M3YUCIIUTENHA TPOLeAYypa, IPU KOATO KaTO BXOJHU JAHHU CE€ 3a/1aBaT: BUJ HA €JIEKTPOHHUAT
€JIEMEHT, HErOBUTE EJICKTPUUECKHU U TOIJTMHHU PEKUMU, KAU€CTBO U YCIIOBUS Ha EKCILIOATaIHs.
MeTtoabT peocTaBsi Bb3MOKHOCT 32 M3IOJI3BAHE B HETOBUTE MOJIEIN 0a30Ba MHTCH3UBHOCT
Ha OTKAa3UTe, IOTy4YeHa IPU IPYTH MOJIEIH WK OT prpMeHu KaTano3u. Hemocrarsim Ha MeTo1a
ca: He Cc€ MOCOYBAaT KOHKPETHH CTOMHOCTH Ha (paKTOpPHUTE HA OKOJIHA Cpela, a yCJIOBUSTA Ha
EKCIUJIoATaIusl Ce OTHACIT 1O OMpEICNieHH KaTeropu3upaHu oO0JacTH Ha MPUIOKEHUE —
nabopaTopHHu, cTarmoHapau U T. H. Metonuka FIDES npesara Haii-nerailinu moapoOHOCTH
MIpU U3YMCIIEHUETO Ha MHTEH3UBHOCTTA Ha oTka3ute € meroaunka FIDES. Ilpu ta3u metonuka
BEUEC Ca HAJIMYHU BCUYKHU EJIIEKTPOHHU €JIEMEHTH M TOBA KaK C€ H3YUCIsBAa TAXHATa
MHTEH3UBHOCT Ha oTKaszure. [Ipeaumcerea Ha FIDES ca: n3nons3BaHe Ha 1aHHU 3a €J1EKTPUUECKU
Y TOIUIMHHYU PEXUMH Ha €IEMEHTUTE; U3MOJA3BaHE HA JJAHHM 32 YCIIOBHSATA HA €KCIIOATALUS —
OTHOCHUTEIIHA BJIIAXXHOCT HA BB3yXa, BUOpalMK U 3ampamnieHocT. Karo HegocraTpim MoraT Ja
ce TocoyYaT: CI0YKHA M3YHUCIUTETHA IPOLeIypa ¢ M3UCKBAHETO HA 3HAUYMTENTHA HH(OpMaIus 3a
KaueCTBOTO Ha EJICKTPOHHUTE E€JIEMEHTH; M3MO0JI3BAHETO HA HIKOJIKO BHJlIa MHTEH3UBHOCT Ha
OTKA3UT€ B 3aBUCHUMOCT OT THIIAa Ha KOpIlyCca Ha E€JEKTPOHHHUS €JIEMEHT; HE ca BKIIIOYEHU B
METO/Ia BCUYKH TUIIOBE TPAH3UCTOPH, KOHACH3ATOPH, APOCEIN U TpaHCHOPMATOPH.

Abstract: This paper consider a research of reliability parameters of electronic circuit of control
of compact fluorescent lamp obtained through two recognized methods for calculating the
failure rate of electronic components. Taking into consideration the above calculations and
investigation, we could come to the following conclusions related to the application of MIL-
HDBK-217F and FIDES methods to electronic ballasts for compact fluorescent lamps: MIL-
HDBK-217F involves a calculation procedure where the following input data are set: the type
of the electronic component, its electrical and thermal modes, and its quality and operating
conditions. It makes possible to use a base failure rate obtained for other models or given in
company catalogues. However, it has the following disadvantages: there are not any specific
values of environmental factors and operating conditions refer to particular categorized areas of
application — laboratory, stationary, etc. FIDES proposes the most meticulous details in relation
to failure rate calculations. All electronic components are available there, as well as the ways
for calculating their failure rate. FIDES advantages are as follows: use of data for component
electrical and thermal modes; use of data for environmental conditions — relative humidity,
vibrations and dust. The following disadvantages could be identified: a complicated calculation
procedure requiring extensive data on the quality of electronic components; use of several types
of failure rate depending on the component housing type; the method does not include all types
of transistors, capacitors, chokes and transformers.




Ilyonuxkayus B4.4. Prodanov P., D. Dankov, “Investigating The Effect of Environmental
Parameters On The Reliability Of Power Supplies For Induction Heating Technologies”, 20th
International Symposium POWER ELECTRONICS Ee2019, October 23-26, 2019, Novi Sad,
Serbia, paper T1.2-4 02526, pp. 1 — 6, Category number CFP19J55-ART; Code 155755, ISBN:
978-172815067-3, DOI: 10.1109/PEE.2019.8923317 (SCOPUS)

Pe3ztome: B HacTosIus TOKIIAA € Ce aHATM3UpPa BIUSHUETO HAa KOMOWHAIMS OT (haKTOpUTE Ha
OKOJIHaTa Cpcaa, BIUACIIN BbPXY IMOKA3aTC/IN HAa HAACKAHOCT HA 3aXpPaHBAIIUTC U3TOYHULIU 34
WHIYKIIUOHHU TEXHOJIOTUH. Upe3 KoMOMHAIMS OT JBa WM MToBedYe (PaKTOPH Ja € Bb3MOXKHO J1a
ce ompeaenu o0jacTTa B KOATO JaJeH 3aXpaHBall] U3TOUYHUK MOXKE J1a paboTH C OMpeeneHo
HUBO Ha HAJICKIHOCT M aKO CE€ MPEBUIIAT ONMpPEIEIICHU MOKAa3aTeld, Jalli HsAMa Jia BJIOMIAT
APAaCTUYIHO HAACKIHOCTTA MY. HNmenno IMpU HAJIMYUCTO HA AWMHAMHKA WUJIM NPOMsHA Ha TC3U
(daxTOpH, B HACTOSIIHS JOKJIA]l C€ CHHTE3Upa TpagiuHO pelIeHne, KOeTOo Ja JaBa JOMyCcTUMara
o0nacT Ha TAXHOTO M3MeHeHue. Ch3aaneH € TPUMEpPEeH MOJel, KOHTO upe3 BBbBEXKIAHE B
nporpamMeH mpoaykt Maple, mo3BossiBa rpaguyHO OnpesessiHe Ha HaaeKIHOCTTa Ha 00eKTa
CIIPsAMO ABa OT €KCIUIOATALUOHHUTE [TapaMETPU — TEMIIEPATYpPa U BIAXXHOCT HA Bb3yXa, KAKTO
¥ BUOPAIIMOHHU BB3JICHCTBUS M MEXaHUYHU ChTPECCHUS. 3a/1aBa ce MPOMSHA Ha CTOMHOCTTA Ha
TC3W MNapaMCTpu B TI'paHUIM, KOUTO Ca YCTAHOBCHU KATO BB3MOXHHU 3a CHOTBCTHUMA
NPOM3BOJICTBEH ydYacThK. [lodmydeHuTe pe3yaTath Morar Ja ce W3IOJI3BAT 3a MpHJIaraHe Ha
Pa3siindH TCXHUYCCKU PCHICHHA 3a IMOBUIIABAHC HA HAACKIHOCTTA W ONPCACIIIHC Ha
TPaHUYHUTE EKCIUIOATAIMOHHU YCIIOBHS CIIEA OIpPENENICH EKCIIOATAIIMOHEH TEepUOJ IPH
OTIpe/ICNICHU EJEKTPUUYECKU PEKUMHU Ha 3aXpaHBalluTe M3TOYHUIM. [Ipu KOHKpeTH3npaHe Ha
EKCIUTOATAIlMOHHUTE YCIIOBHS, Ta3d METOIHMKA € IMPHJIOKUMA 32 BCEKH OT 3aXpaHBaIIUTE
HU3TOYHUIIM B CBOTBCTHUTC IMPOU3BOACTBCHU YYACTHLIU 3a HMHAYKIHUOHHH TCXHOJIOMHU H
NOJTy4YaBaHe Ha HETOBUTE KOJIMYECTBEHH ITOKA3aTENN 110 HAa/IEK THOCT.

Abstract: The present paper views the effect of a set of environmental factors which affect the
reliability indicators of power supplies in induction heating technologies. Its aim is to make it
possible, by combining two or more factors, to define the area where a specific supply force
could operate at a particular reliability rate, as well as whether its reliability will considerably
deteriorate if given indicators are exceeded. In previous studies it was established that not all
correction factors used in the methods for calculating failure rates of electronic components
reflected the exact operating conditions of the environment of a specific production unit. By
using the presented in this paper reliability model, 3D dependencies of the probability of failure-
free operation of the thyristor power supply have been obtained as a function of the operating
conditions — temperature, relative humidity, vibration effects and mechanical shocks. To build
a 3D model, the obtained model is introduced into Maple applications. The equation is solved
with regard to two of the operating parameters — temperature and humidity or vibration effects
and mechanical shocks. A change in the value of those parameters is set within a range which
has been preset as possible for the respective production unit. The above presented results refer
to the analysis and calculation of quantitative reliability indicators for the service lifetime and
operating modes of power supplies for induction heating technologies. They could be used for
applying various technical solutions so as to improve reliability and define the boundary
operating conditions after a given operational period upon specific electrical modes of the power
supplies. Upon specifying the operating conditions, this method is applicable to every power
supply in the respective production units for induction heating technologies. The application of




the results to reliability analysis and calculation is linked to the considerable experience gained
in designing, manufacturing and maintaining a wide range of induction heating devices.

Ilyonuxkayua B4.5. Prodanov P., D. Dankov, N. Madzharov, “Research of Reliability of Power
Thyristors Using Methods MIL-HDBK-217F and FIDES”, Proceedings of XXI-th International
Symposium on Electrical Apparatus and Technologies (SIELA) 2020, Bourgas, 3 - 6 June, 2020,
pp- 379 — 382, IEEE Catalog Number CFP2028Z-USB, ISBN 978-1-7281-4345-3 (SCOPUS)

Peztome: B 1oknana ce aHaIM3MpaT I[OKA3aTENMTE Ha HAACKIHOCT HAa HWHBEPTOPH U
W3IPABUTEIIHU TUPUCTOPH, U3MOJ3BAHH B 3aXpaHBAI] U3TOUYHHK 38 UHIYKIIMOHHU TEXHOJIOTHH.
[Ipunarar ce nBe METOAMKHU, KOMTO C€ paszinyaBaT KakKTO METOAOJOTUYHO, Taka MU MO
OTHONIEHHE Ha MpeJJIaraHuTe MoAenu. Pa3nukara B METOIOJOTUMTE HA JIBaTa METO/Ia € BaXKHA
WH)XCHEpHATa TPAKTHKa B HIKOIKO acmekra. KopeKIMOHHUTE NHU-QaKTOpu B METOAMKA
MIL HDBK-217F morar na ObaaT AOMBIBAaHM M MOJCIHUPAHU C aJ€KBAaTHU KOPEKIIMOHHHU
KOe(UIIUEHTH, KOUTO HHXKEHEPA 10 HAJIekKTHOCT MOXKE J1a BHECE B Mojiena. ToBa ce Hamara B
CIIy4yaWTe KOraro C€ Hajara JeTaijiHa OI€HKa Ha BIUSHUETO Ha JaJIeH EJIEKTPUYECKHU
napameTbp, KaKTO U Ha KAYECTBOTO Ha €JIEMEHTa U BIMSHUETO Ha OKOJIHATA cpefa. Benuku nu-
(dbakTOpH B TO3U MOJICJI MOTAT Jia Ob/IaT 3aMEHEHH OT MO/ICJIH, OTUUTAIIM KOHKPETHA HH)KEHEPHA
3a/a4a B 00JacTTa Ha HAJEKTHOCTTA HAa CUJIOBHUTE MOJYIIPOBOIHUKOBH elleMeHTH. [Ipu MeTon
FIDES e BB3MOXHO 1a ce eNMMUHUpAT KOPEKIMOHHUTE MH-(PAKTOPH KOWTO HE BIHSAT
CBHIIECTBEHO B MOJIENIa, HO HE MOXE J]a C€ 3a/1aBaT HOBH NMU-(PaKTOPH, Thil KATO WHKEHEPa IO
HaJSKIHOCT HIMA KaK Ja U3BeJe Mojel 3a 0a30BaTa HHTEH3MBHOCT HA OTKA3UTE IO ChOTBETHHS
nu-pakrop. Meronuka MIL-HDBK-217F naBa mo-HHCKH pe3yiaTaTd HO OTHOIIEHHE Ha
HaJIeKTHOCTTAa HAa THUPUCTOPUTE, TOECT MPH HEro CE€ IMOoJIydyaBa IO-HHCKA HAaJEeKIHOCT,
CHOTBETHO MO-BHCOKA MHTEH3UBHOCT Ha oTKa3ute. [Ipu To3u MeToa 6a3oBaTa MHTEH3UBHOCT Ha
OTKA3UTE CE MOJIydaBa 4Ype3 CTAaTUCTUYECKH aHaJIu3 M JaHHU, KOETO € MPEeANOoCTaBKa 3a TOBa
noTpeduTeNs caM J1a MOXKe Jla 3ajjaBa Te3u JaHHM, ako Tu uMa HanuuHu. [Ipu meton FIDES ce
MOJTy4YaBa Mo-BUCOKA HAASKIHOCT MPU UACHTUYHU BXOAHH AaHHU ¢ Mmetog MIL-HDBK-217F,
nopajy HAIMYUETO Ha MO-HUCKa 0a30Ba MHTEH3UBHOCT HA OTKA3UTE HA THPUCTOPUTE, KAKTO U
nopau moipoOHO oOXBalaHe Ha eKcrtoatarmonaute yciosus. [Ipu meroq MIL-HDBK-217F
ce OTYHUTAT 3aryou, HalpeKeHHe U TOK pe3 TUpuctopure, nokaro npu metox FIIDES, Toka He
Ce OTUMTa, & CaMO JIPYTUTE rOpe CIIOMEHATH E€JEKTPUUYECKU MapaMeTpH, KOETO BOJIM IO IO-
BHUCOKAa OTYMTAHA HAJEKAHOCT IpHU TO3U MeTon. llopamu ToBa mosiydeHUTE pe3yaTaTH IO
meroanka MIL HDBK-217F, moka3BaT mMo-BHCOKa JOCTOBEPHOCT M C€ JOOJMKaBaT [0
peanHaTa eKCIIoaTallMOHHA HAJIeKTHOCT.

Abstract: In this paper have been analyzed the reliability indicators of inverter and rectifier
thyristors used in a power supply for induction technologies. The two basic methodologies have
been applied, which differ both methodologically and in terms of the proposed models. The
difference in the methodology of the two methods is an important engineering practice in several
aspects. In MIL-HDBK-217F, the correction Pi-factors can be supplemented or modelled with
relevant correction factors which the reliability engineer could introduce in the model. It is
required for cases calling for detailed assessment of the influence of a given electrical parameter,
the quality of the element and the environmental impact. In that model all Pi-factors can be
replaced by models taking into account a specific engineering problem in the area of power
semiconductor reliability. In FIDES, it is possible to eliminate the correction factors that do not
have a significant influence in the model. MIL-HDBK-217F method provides lower results




regarding thyristor reliability, i.e. we obtain lower reliability and respectively higher failure
rates. The base failure rate is obtained by means of statistical analysis and data, which appears
a precondition for the users to set those data by themselves if they are available. With FIDES
method, we obtain higher reliability using input data identical to those in MIL-HDBK-217F.
This results from the availability of lower base failure rate of thyristors and the detailed coverage
of the operating conditions. MIL-HDBK-217F takes into consideration power losses, voltage
and current across thyristors while FIDES do not consider them. FIDES takes into account only
the above mentioned electrical parameters, which leads to higher reliability recorded with this
method. Therefore, the results obtained by using MIL-HDBK-217F show higher authenticity
and approach real operational reliability. The above presented results refer to the analysis and
calculation of quantitative reliability indicators for the service lifetime and operating modes of
thyristor power supplies for different technologies. They could be used for applying various
technical solutions so as to improve reliability and define the boundary operating conditions
after a given operational period upon specific electrical modes of the power supplies. The
application of the results to reliability analysis and calculation is linked to the considerable
experience gained in designing, manufacturing and maintaining a wide range of devices using
power thyristors.

Ilyonukayua B4.6. Prodanov P., D. Dankov, “Study of Time for Preventive Maintenance of
the Electronic Equipment”, Proceedings of XXI-th International Symposium on Electrical
Apparatus and Technologies (SIELA) 2020, Bourgas, 3-6 June, 2020, pp. 383 — 386, IEEE
Catalog Number CFP2028Z-USB, ISBN 978-1-7281-4345-3 (SCOPUS)

Pe3rome: B nokiiana ce npeacTaps U3ciaeIBaHe M0 HAIEKAHOCT, CBbP3aHO ¢ KOMOMHUPAHETO HA
TPHU METO/JIa 32 MOJIeJIMpaHe Ha HAaJIeXKIHOCTTA — ,,AHanu3 Ha Mapkos®, ,,JIbpBo Ha OTKa3uTe" 1
“TeopusaTa 3a mpeBaHTHBHA NpoduaakTuka*“. M3cienBaH € BHCOKOUYECTOTEH TPAH3UCTOPEH
npeoOpasyBaren 3a HWHAYKIUOHHM TeXHONOrWH. llodydeHWTe pe3ynaTaTd IOKa3Bar
CHIIOCTaBUMOCT Ha PE3YyJTaTH MO TPUTE MPUJIOkKEHU Mojena. [loayueHuTe cUMYyJIalMOHHU
pe3ynratu o MeTonaH ,,JIbpBo Ha oTKazute™ u ,,AHanu3 Ha MapkoB“ upe3 IpeIOKEHUTE
MOJIEJIM ca CBIIOCTAaBUMHU C TMOJYYEHHUTE MO (OpMyJUTE 3a MpUIAraHEeTO Ha TeopHsaTa 3a
npeBaHTUBHA MpodutakTuka. [lon3aTta oT KOMOMHHUPAHETO HA T€3U TPU METO/IA € MOJTy9IaBaHETO
Ha: CTPYKTYPEH MOJIe] Ha IbPBO Ha OTKAa3WUTe, KOWTO JaBa MUHHMAIHUTE OKa30BU CEUCHMS U
€IeMEHTUTE H OJIOKOBETe, KOUTO BOAAT JO OTKa3 Ha TpeodpasyBaTelns; aKTyaIHUTE
BEPOATHOCTHH CBHCTOSIHUS TMpPH MPHJIAraHeTo Ha MpEBaHTHUBHA MPOQPUIAKTHKA; BPEMETO 3a
U3BBPIIBAaHE HAa Ta3u NPO(UIAKTHKA M KbM KOM OJIOKOBE W €JIEMEHTH Ja C€ Haco4yu
CHeIHMalIiCcTa, KOWTO MPOBEXIa IeUCTBUATA IO MPO(HUIaKTUKATA.

Abstract: The present paper combines three methods for define the preventive maintenance
activity for electronic equipment — “Markov Analysis”, “Fault Tree Analysis” and “Preventive
Maintenance Theory”. In this paper is investigated a HF transistor converter for induction
heating technologies. The results obtained show comparability of the obtained results with
respect to the three models applied. The simulation results obtained through the Fault Tree
Method and Markov Analysis by means of the models proposed are comparable to those
obtained by using the formulae for applying the Preventive Maintenance Theory. The benefit of
combining those three models is that we obtain: a structural model of the Failure Tree which
gives minimal cut-sets and the elements and blocks which result in a failure of the HF converter;
the actual probability states upon implementing preventive maintenance; the time for preventive




maintenance implementation and the blocks and elements which the expert should refer to when
implementing maintenance. This approach can be applied for various electronic equipment,
where the unforeseen suspension will lead to substantial losses. Determination of the optimal
time for preventive maintenance and the interval reliability is an opportunity for proper planning
of the technological process for providing failure-free operation of the devices.

Ilyonuxayua B4.7. Prodanov P., “Research of Reliability of Power Semiconductors in
Dependence of Thermal Modes”, Proceedings of XXI-th International Symposium on Electrical
Apparatus and Technologies (SIELA) 2020, Bourgas, 3-6 June, 2020, pp. 387 — 390, IEEE
Catalog Number CFP2028Z-USB, ISBN 978-1-7281-4345-3 (SCOPUS)

Pe3ome: B Hacrosimiusa okian, oOEKT Ha M3CIEABaHE ca JBa MOIIHU IOJYIPOBOAHUKOBH
€JIeMEHTa — TPAaH3UCTOP U T1o. ToBa € 4ecTo cperrana KOMOWHAIUS B CUJIOBUTE €TIEKTPOHHU
YCTpOICTBa, KaTO HalpUMep — 3apsSAHH CTAHIMU 3a E€JIEKTPOMOOWIH, MpeoOpa3yBaTeiu 3a
WHAYKIIMOHHO HarpsiBaHE W TOTICHE, MPeoOpa3yBaTelM Ha HaMpeKeHue, mpeodpa3yBaTenu Ha
MOCTOSIHHO HampekeHue u ap. [lpu Bcuuku TIX Te3u ABa TUIA eleMeHTa paboTAT 3a€AHO, UMaT
UJCHTUYHU PaOOTH ENEKTPUYECKH PEKHMH, KAaKTO U MHOTO YeCTO €THAKBH OXJIXKIAIIU
cuctemu. [IppyHOCHT OT HampaBeHHUTE W3CIEABAaHHUS € Bb3MOXKHOCTTA Ja OBbAAT OMpeiesieHU
TPaHUYHUTE CTOMHOCTH Ha TOINIMHHUTE PEXKUMU Ha €IUH LIsU1 KJIAC CUIIOBU NOJIYIIPOBOJHUKOBU
€JIEeMEHTU — MOIIHHU TpaH3ucTtopu U nuoaud. C TO3M MOAXOJ Morar ja ObIaT OmpeiesieHu
MaKCHMaJTHUTE CTOMHOCTH Ha TeMIlepaTrypara Ha oxJaxnaamara cpeaa (Qpuyua wid Bb3IyX),
MaKCHMaJIHHUTE 3aryou U MaKCHMaJIHOTO TOIUIMHHO CHIIPOTHUBIIEHUE HA OXJIaXK/alaTa cucteMa
MpU 3a/1aJICHO HUBO Ha HAAEXKAHOCT. C TO3U MOJXOJ] KOHCTPYKTOpa Ha CUJIOBU EIEKTPOHHU
npeoOpazyBareind € BB3MOXKHO Ja ONpeleNd HaASKIHOCTTa Ha U3JEIMEeTO Ha HUBO
MPOEKTUPAHE U Ja ThPCHU HAYMH 32 NMOBHUILABAHE HA HANEKIHOCTTA, YPE3 ONTUMU3UPAHE Ha
oXJaxKJallla cUCTeMa MM MEpKHU 3a HamalliBaHe Ha 3aryOuTe B CUJIOBHUTE eneMeHTH. J[pyra
M0J13a OT HAIPABEHUTE M3CJIEABAHUS € Bb3MOXKHOCTTA 32 TSIXHOTO MPHUJIAraHe B MPAKTHUKATA,
Korato TpsOBa jaa ObIaT oOIpeneieHH HHUBAaTa Ha TOIUIMHHUTE 3allUTH B MOIIHUTE
npeoOpazyBaTeHH YCTpOCTBa. BBB BCSAKO €IHO TaKOBa YCTPONCTBO C BOJOOXJIAKIAEMHU
MOJTyIPOBOIHUKOBY MPHOOPH MMa CHOTBETHO 3a/laBaHe HAa MaKCHMMalHaTa TeMIeparypa Ha
oxJaxaamus GIyu Wi Bb3AyX. 32 UACHTUYHH €ICKTPOHHU YCTPOHCTBA, HO paboTemy mpu
pa3iMyeH TEXHOJIOTMYEH NpOoLeC WJIA B Pa3IUYHU EKCIUIOATAallMOHHU YCIIOBHS, Ta3u
Temreparypa me ObAe pa3iuyHa U ¢ MPEICTaBEHUTE U3CICABAHUS € BB3MOXHO TS Ja Oble
omnpeJieseHa OT KOHCTPYKTOPa Ha U3EIHETO.

Abstract: The present paper considers a study of two power semiconductor elements — a
transistor and a diode. This is a common combination in power electronic devices such as
charging stations for electric vehicles, converters for induction heating and melting, voltage
converters, constant voltage converters, etc. In all those devices the two types of elements
operate together, have identical operating electrical modes and, very often, identical cooling
systems. The analysis been done is applicable to all MOFSET transistors and diodes operating
with water or air cooling systems and possessing operating parameters comparable with those
presented in the paper. The contribution of the study is the possibility to define the limit values
of the thermal modes of a whole class of power semiconductor elements — power transistors and
diodes. This approach helps us to determine the maximum values of the temperature of the
cooling medium (fluid or air), the maximum losses and the maximum thermal resistance of the
cooling system at a set reliability level. Using this approach, the designer of power electronic




converters could determine the reliability of the device at a design level and seek ways to
enhance reliability by optimizing the cooling system or measures to reduce losses in power
elements. Another benefit of the study done is the possibility to implement it in practice when
the level of thermal protection in power converter devices should be defined. In each device
with water-cooled semiconductor devices the maximum temperature of the cooling fluid or air
is accordingly set. With identical electronic devices yet operating in different technological
processes and under different operating conditions, that temperature will be different. However,
with the help of the presented study it could be defined by the designer of the device.

Ilyonuxkayusa B4.8. Prodanov P., D. Dankov, “Applying an aging models for reliability
estimation of supercapacitors”, Proceedings of 11th National conference with international
participation "ELECTRONICA 2020", 23 - 24 July 2020, Sofia (nmox neuyar) (SCOPUS)

Pe3wome: HanexxnHocTra Ha CyNEpKOHACH3AaTOPUTE € CBbpP3aHa C IPOMSHA HA TEXHUSA
KalaluuTeT U €KBUBAJIEHTHO cepuiiHO cbripoTuBieHre ESR. Te3u aBa nmapamerspa onpeaesnsaT
rojeMrHaTa Ha 3araceHara eHeprus B KOHJIEH3aTOPUTE U 3aryOuTe Ha Ta3u €HEprusl B caMusl
KOHJeH3aTop. VI3MeHeHneTo Ha Te3H [1Ba MapaMeThpa BbB BPEMETO € B PE3YJITAT OT CTAPECHETO
Ha MaTepUalMTe, U3IMO0JI3BaHU B KOHJEH3aTOpa, KaTo (aKTOPUTE KOUTO TOBA MPUUYUHSIBAT ca
paboTHaTa TeMnepaTypa, Halpe>KeHUETO U TOKa Ha KoHJeH3aTtopa. [lpu ananus va metoq MIL-
HDBK-217F u meron FIDES He npemnaratr Moienu 3a KOHIAEH3aTOPH, KAKTO M JIMIICAaTa Ha
BB3MOXHOCT 33 OTYMTAHE HA TAXHOTO BIMSHUE. 3a aHAJIM3a Ha TI0KA3aTEJINTE Ha HAZIEKTHOCT €
IPEJCTaBeH METOJ H3YHUCIEeHHE Ha 0a3a MOJENM OTUUTAIM IPOLIECUTE Ha CTapeeHe B
KOHJIeH3aTOopHuTe. VIMIJIeMEeHTUpaHeTO Ha YyCKopsBaimuTe (AKTOpU KaTo KOPEKIHMOHHH
koedummenTu ¢ meroaukara Ha MIL-HDBK-217F noka3Ba chrmocTaBUMOCT Ha pe3yATaTUTE OT
TECTOBETE Ha BOJCLIUTE (UPMHU MpeIJiaraiiyd CyHepKOHIEH3aTOPH M TNPHIOKHMOCTTa Ha
npencraBeHuTe Monenu. IlpenacraBeHuss Mozen 3a MojdydaBaHe Ha 00jacTTa Ha HaJeKAHA
pabora Ha KOHJAEH3aTOpa € IMPHJIOKUM 3a HaMHUpaHe Ha JONYCTUMHTE CTOMHOCTH Ha
TemIeparypara, pabOTHOTO HAIIPEKEHNE U €KBUBAJIECHTHOTO CEPUITHO ChIIPOTHUBIICHHE, TaKa 4e
Jla HE ce TI0JyyaBa HaMaJIIBaHE Ha Ha/IeKAHOCTTa HAa CyNIEpPKOHIEH3aTOopa.

Abstract: Supercapacitor reliability is related to a change in their capacitance and ESR. Those
two parameters define the amount of energy stored in the capacitors and the losses of that energy
in every capacitor. The change of those two parameters with time is caused by the ageing of the
materials used in the capacitor and the factors which cause it such as operating temperature,
voltage and capacitor current. When analyzing the methodologies MIL-HDBK-217F and
FIDES, it could be seen that those methodologies does not provides a models for supercapacitors
reliability estimation. A model for calculating reliability indicators on the basis of models
considering the ageing processes in capacitors is presented. The implementation of accelerating
factors such as correction factors by means of the MIL-HDBK-217F method shows that the test
results of the leading manufacturers offering supercapacitors are comparable with the
applicability of the models presented. The model for generating the reliable area of the capacitor
operation is applicable for finding the admissible values of the temperature, operating voltage
and ESR so as not to reduce supercapacitor reliability.

Ilyonukayusa B4.9. Prodanov P., D. Dankov, “Using Markov’s Chains for Reliability
Modelling of Energy Storage Devices”, Proceedings of 11th National conference with
international participation "ELECTRONICA 2020", 23 - 24 July 2020, Sofia (mox meuar)
(SCOPUS)




Pe3rome: B noknana ce npeacTaBAT CUHTE3UPAHU U U3CIIEIBAHU Y€TUPU BEPOSATHOCTHU MOJIeNa
Ha CHCTEMHM 3a ChbXpaHEHHUE Ha €HEeprus, M3rpaZeHn Ha 0azata Ha CynepKoHIeH3aTopu. Te3u
YeTHpU MoJieNa MPEACTAaBIT Bb3MOKHUTE BapUaHTH 3a U3I0JI3BaHE HA CUCTEMHM 3a 3allUTH U
pe3epBUpaHE HAa CUCTEMH 33 CbXpPaHEHHE Ha eHeprus. Te3n MOoJenu ce U3MO0I3Bar 3a OLEHKa Ha
HAJSKIHOCTTAa HA M3TPaJICHUTE CUCTEMHU M OICHHM IMOBEACHHMETO M OTKA3WTE Ha BCAKa eaHa
cucrema. CUHTE3UpaHUTE MOJEIIN Ca IIPECTABEHHU ChC CbOTBETHUTE BEPOATHOCTHHU ChCTOSIHUS,
KaTo € M3MOJ3BaH Merona “AHanu3 Ha MapkoB”. Monenure ca CUMyJIupaHd B MpOrpaMeH
npoaykt Item ToolKit. Ilomydyenute pe3yntaru OT H3CIEABAHUTE MOJETH IIOKa3BaT
e(eKTUBHOCT Ha CUCTEeMHTE 3a AyOnupaHe M pe3epBUpaHe, KaTO C €IHO pe3epBUpAHE ce
OCBUIECTBSIBA BUCOKAa HAJIEKIHOCT, 32 CMETKAa Ha IIOBEYE €JIEMEHTH W BIIaraHe Ha IIOBEue
CYNEpPKOHACH3aTOPH B cHCTEMaTa 3a CbXpaHeHHe Ha eHeprusi. CHCTeMUTe ChC 3alllUTHU
CBhCTOSIHUSL UMAT CMUCBJI, KOI'aToO C€ ThPCAT PEIICHUS 3a U3IPaXAaHe Ha CUCTEMU C MAJIKO I0-
HUCKa CTETIEeH Ha Ha/IKAHOCT U BJaraHe Ha Mo-MaJIbk Opoil enemMeHnTu u cucteMu. CTeneHTa Ha
TOTOBHOCT € IO-BUCOKAa OT CHUCTEeMHUTE 3a pe3epBuUpaHe (2 OT 3) mIpu HPOABIDKUTETHA
eKCIIJI0aTalusl Ha CUCTEMHTE 3a ChbXpaHEHHE Ha €HEprus. 3alllUTHUTE CXEMHU 3a IMPUIIOKUMU
IpU CUCTEMHU C MAJIKO MO-HUCKO HUBO Ha HaaexkAHOCT (Hax 0.95) m mo-maliko pa3xoau 3a
n3rpaxaane. CucreMure ¢ pe3epBupaHe Moka3BaT BHUcoka HamexaHocT( Hax 0.99) ¢ Omusku
CTOMHOCTH HE3aBUCHUMO OT Mojena (€QUH OT JBa CYNEpKOHIEH3aTopa WM JiBa OT TpH
CYNIEpKOHICH3aTOPa, HO C MO-MaJTbK KalaluTeT).

Abstract: In this paper, four probability models of energy storage systems built on the basis of
supercapacitors have been synthesized and studied. Those four models present possible variants
for using the protection and redundancy systems with energy storage devices. Those models are
used for estimating the reliability of the systems been built and the behavior and failures of each
one. The synthesized models are presented with the corresponding probability states, using the
method "Markov analysis". The models are simulated in the software product Item ToolKit. The
results from the models under study demonstrate efficiency of the duplication and redundancy
systems, where there is one redundancy which provides high reliability in exchange for more
elements and more supercapacitors involved in the energy storage system. The systems with
protection states make sense when we look for solutions to build systems of slightly lower
reliability and involving fewer elements and systems. The availability level of system with
protection circuits is higher than the system with redundancy (2 out of 3) with extended
operation of the energy storage systems. The results obtained show high efficiency of the
duplication systems at the expense of protection systems. The protection circuits are applicable
to systems of slightly lower reliability (under 0.95) and less construction costs. The redundancy
systems demonstrate higher reliability (up to 0.99) with close values regardless of the model
(one out of two supercapacitors or two out of three supercapacitors, but with less capacity).

Ilyonukayusa B4.10. P. Prodanov, Dankov D., “Reliability estimation of transistor switches in
push-pull DC/DC hard switching converter”, IEEE XXIX International Scientific Conference
ELECTRONICS ET 2020, IEEE Conference Record #48037, 16-18 Sept., Sozopol, Bulgaria.
(mox mevar) (SCOPUS)

Pe3rome: B HacTosmIMs TOKJIaA ca U3CIEABAHU 10 HAJAEKIHOCT TPUTE OCHOBHH THIIA MOIIHU
enektponHu KimoudoBe — IGBT, MOSFET u SiC MOSFET. Kato u3Boau OT mpeacTaBeHUTE
ypaBHEHHS, MOXKE Ja ce 0000IIHN: 32 Pa3IMIHUTE CTPYKTYPH € HEOOXOAMMO B METOJIUKHUTE J1a
ce BbBEJAT pa3IMYHU CTOMHOCTH 33 EHEPrHsTa HA aKTHBAIIM, 32 OIICHKA HA HaJISKTHOCTTA Ha




IGBT tpan3uctopute ce n100aBsi Koe(UIIMEHT HA HATOBapBaHE MO HAMPEKEHUE; MPU BCUYKHU
TPAH3UCTOPH CE€ OTYUTAT pAaOOTHUTE CTOMHOCTH Ha 3aryoure B TsX. OT MOJTydYeHUTE pe3ysITaTH
II0 OTHOILEHHE HAa TSAXHATa HAJEXKIHOCT, MOraT Ja C€ HampaBsT CIECIHUTE U3BOJHU OTHOCHO
TaxHoTo npuinoxkenue: npu IGBT Tpansucropa cneaBa ma Owbae ocurypeHo mo 1o0po
OXJIaXKJaHe U J1a ce ThPCAT HAUMHU 3a HaMaJsiBaHE Ha 3aryOuTe Ha MOLIHOCT B TPaH3UCTOPA;
npu Si MOSFET Tpan3ucropa paboTHUTE PeKUMH cielBa Aa ObJaT orpaHHueHH 0 padora
npu okonHa Temmepartypa 25°C u HatoBapBaHe Mo MoiHocT B auanaszoHa (30-70)% oT
HoMuHanHaTa MorHocT; mpu SiC MOSFET Tpan3ucropa TemnepaTypara u 3aryouTe okas3Bat
Hall-HUCKO BJIMSHHE U MOKa3aTeIUTE My IO HAJEKIHOCT OCTAaBaT Hail-0OPH B IIeNINs AUANa30H
Ha TEMIIEpaTypHO HAaTOBapBaHE M HATOBApPBAaHE IO MOIIHOCT. 3a OCUTYpsIBAaHE Ha BUCOKA
HAJCKIHOCT Ha EJIEKTPOHHU NpeoOpazyBaTeNyd H3MOI3BALIM TO3M THUI TPAH3UCTOPU €
HeoOxonumo aa ce u3noisBat SiC MOSFET tpan3ucTopu, Ipu HASHTUYHU TAPAMETPHU CIIPSIMO
OCTAHAJIUTE JIBAa BUJIa TPAH3UCTOPH.

Abstract: In this paper are consider reliability parameters of three type of power semiconductors
— SiC MOSFET, “classic” MOSFET and IGBT transistors. According to the results obtained in
relation to their reliability, the following conclusions regarding their application can be drawn:
with IGBT transistors better cooling should be provided and ways of decreasing power losses
should be sought; with Si MOSFET transistors operating modes should be limited to operation
at ambient temperature of 25°C and power loading within a range of (30-70)% of the nominal
power; with SiC MOSFET transistors temperature and losses have the lowest impact and their
reliability indicators remain the best within the whole range of temperature and power loading.
To ensure high reliability of electronic converters using that type of transistors, SiC MOSFET
transistors should be used with parameters identical to the other two transistor types. The graphs
in this paper show that ambient temperature has the highest impact on the reliability of IGBT
transistors, which is linked to the higher power losses under this specific operating mode. With
the other two transistors, we observe an increase of the failure rate of the St MOFSET transistor
at ambient temperatures higher than 30°C. This is due to the higher bandgap energy of the SiC
MOSFET transistor.

Ilyonuxayusa B4.11. P. Prodanov, “Analysis of Probability States and Preventive Maintenance
Assessment of HF Power Converter for Induction Heating Technologies”, IEEE XXIX
International Scientific Conference ELECTRONICS ET 2020, IEEE Conference Record
#48037, 16-18 Sept., Sozopol, Bulgaria. (mox neuat) (SCOPUS)

Pe3zrome: B noxiana ce pasriiexaa KOMOMHUPAHETO HAa MOJIEIH 33 aHAJIU3 110 HA/ICKTHOCT: THII
BEpOSITHOCTEH aHanu3 (AHanu3 Ha MapKoB) M HHTEpBajHaTa HaieXKJHOCT. Jloknana pasriexia
MIPUJIAraHeTo Ha BEPOSITHOCTEH aHAIN3 3a ONpeIesTHe Ha BpEMETO 3a MpouIaKkTHKa U padoTa
Ha EJEKTpOHHUTE mpeolOpasyBaTtenu. [IpencraBaTr ce MOAENU C BEPOSTHOCTHH CHCTOSHUS
TUTAYHU 32 TO3W THI YCTPOHUCTBA, KaTO T€3U CHCTOSHUS c€ 0000I1aBaT 10: pab0TOCIIOCOOHOCT,
PEMOHT, TpPEBaHTUBHA TNPOPUIAKTHKA, 3alIUTHO CBHCTOSHUE, pE3EPBUPAHE U OTKa3.
[IpenyaranuTe MOJENN OTpPa3siBaT BEPOSTHOCTTA KOHKPETHO €JIEKTPOHHO YCTPOMCTBO Jla Ce
HAMUpPa B €HO OT IMOCOYEHUTE CHhCTOSHUS B OMPEAeIieH MOMEHT oT Bpeme. OmpeensHeTo Ha
BpeMeTO 3a MpodHUIIaKTHKA CTaBa Ha 0a3a TE3W BEPOSTHOCTH U METOJWKA 3a ONpEACNITHE Ha
BpPEMETO 3a Mpo(UIaKTUKA U MHTEPBATHATA HAJICKITHOCT A0 Kpas Ha mepuojaa. B pesynrar Ha
TOBA ca MPEACTABEHHU IIECT BEPOSITHOCTHU MOJIENIa, KOUTO BKJIIOYBAT BHBEKIAHETO HA 3AITUTHU
CXEMHU B €JIEKTPOHHHUTE YCTPOWCTBA, BHBEXKAHE HA MPEBAHTUBHA MPODUIAKTHKA, KAKTO U Ha




cucTemu ¢ peseppupane. [lomydyeHnuTe pe3ynraTu MokasBar, ue€ MOACIUTE C 3allUTHU CXEeMH U
OCUTYpsIBAHE Ha HYXXHHUTE JCHHOCTH IO IMPEBaHTHUBHA MPO(UIAKTHKA MOTaT Ja OCUTYPST
UJCHTUYHU [TOKa3aTean Ha Haaex1HocTTa. C TOBa ce peliaBa BhIIPoca 3a MOJI3BaHE Ha CUCTEMU
C pe3epBUpaHE, KOraro TpsOBa Ja C€ OCUTYPH HACHTHUYHA HAJCKIHOCT Ha EJIIEKTPOHHHUTE
cucTeMHU. AHAJIOTUYHO, KOTaTO TPsIOBa J]a Ce OCUTYPSAT CPEeIM HUBA HA HAZISKTHOCT (0Ko10 P(t)
= 0,90) ToraBa mMorar jaa ce W3MOJI3BAT MOJEIU WM CaMO C MPOQHIAKTHKA HIH CaMO ChC
3alUTHY cucTeMH. [lomyueHuTe pe3yaTaTu B T0KJa/1a MoKa3BaT BPEMETO clie] KOeTo TpsOBa 1a
ce WU3BBPUIM NPOPHUIAKTHKA MPU TaKa TMPEIJIOKEHUTE IIECT BEPOATHOCTHH MOJeNa.
Pesynrarure nokasBaT MpHIOKUMOCTTa Ha MOJIeJa ChC 3aIUTHU CXEMU U NPOPUITAKTHKA, KATO
JITEpHATHBA HA CUCTEMHTE C pE3epBUPAHE.

Abstract: This paper considers the combination of reliability analysis models: a type of
probability analysis (Markov’s Analysis) and interval reliability. The paper considers the
application of a probability analysis so as to define the maintenance time and the operation of
electronic converters. Models with probability states that are typical for this type of devices are
presented. Those states could be summarized as: operability, repair, preventive maintenance,
protection, redundancy and failure. The proposed models reflect the probability that a specific
electronic device is in one of the above states at a specific moment of time. Maintenance time is
determined on the basis of those probabilities and the methodology for defining maintenance
time and interval reliability by the end of the period. As a result, six probability models are
presented. They include the introduction of protection circuits in the electronic devices, as well
as preventive maintenance and redundancy. The results show that the models with protection
circuits and those providing the required preventive maintenance could ensure identical
reliability indicators. When identical reliability of electronic systems should be ensured,
redundant systems are used. Likewise, when medium reliability levels (about P(t) = 0,90) should
be ensured, either maintenance models or protection system models could be used. The results
obtained show the following: the best availability is ensured by redundant systems and those
with preventive maintenance and protection circuit. From a technological and economic
perspective, the latter are better since they do not require redundancy and a second HF converter.
The same tendency is observed in relation to reliability and total downtime.

I'pyna I'.7. Hayunu ny0JuKanum B U31aHNUsl, KOUTO ca pepepupaHu u
HH/IEKCHPAaHU B CBETOBHO U3BECTHU 0a3M OT JJaHHU ¢ HAYy4YHA HHGOpMaus

Ilyonuxayua I'7.1. Simeonov M., H. Ibrishimov, P. Prodanov, ,,Modeling and analysis of an
inductor — piece system with differentiated domains of the electromagnetic field in the inductor”
PCIM Europe 2013, PCIM Europe Conference Proceedings 2013, Pages 1720-1725, ISBN: 978-
380073505-1, ISSN: 21913358 (SCOPUS)

Pe3rome: B nyOnukanusTa ce MpaBu aHAIM3 HA €EKTPOMArHUTHHUTE MPOIIECH HA CHUCTeMaTa
»AHIYKTOpP — JeTain™ ¢ nudepeHnnpany JOMEHHN Ha MarHUTHO 1oJjie B Hero. ONTUMaTHOTO
MpPOEKTHpPaHEe M eKCIUIoaTalus Ha WHAYKIMOHHH YpeIOu € CBBP3aHO C MOHHTOPHHT U
yIOpaBJICHUE Ha OCHOBHUTE CIICKTPUYECKH TapaMeTp B HHAYKIIMOHHHS TOBap U
KOMYTAIIMOHHHUTE TPHOOPH: TOKOBE, HAIIPEXKEHUs1, padOTHA YeCTOTa, KOSPUIIMEHT Ha MOIITHOCT.
W3uncnenusTa Ha Te3W BEJIMYUHM ITPU aHAJIN3 Y IPOEKTHPAHE Ha €JIEKTPOMArHUTHUTE MPOIIECH




€ B IpsIKa M CJIIOXKHA 3aBUCUMOCT OT IPOMEHSIIUTE CE MapaMeTpH Ha CUCTEMaTa UHIYKTOp -
HarpsiBaH fgeraili. C TOBUIIaBaHE Ha TeMIleparypara Ha JeTailyia A0 JOCTUraHe Ha
TEXHOJOTMYHATa My TeMIeparypa 3a 00paboTKa, ce MPOMEHIT MarHUTHAaTa MPOHULIAEMOCT |L U
CHeU(GUIHOTO CHIIPOTUBIICHUE P HA MOBBPXHOCTTA HA HATPSBAHUS JIETAI, KOUTO OMPEACIISAT
HEJIMHEHHO U3MEHEHHE Ha €JIEKTPOMarHUTHUTE MApaMETPU Ha CUCTEMATA UHIAYKTOP —ACTAMII.

Abstract: In this paper is presented a model for simulation of electromagnetic parameters of
“inductor-piece” system. According to the proposed methods the electromagnetic parameters of
an inductor with differentiated domains of the magnetic field within it are calculated. The
electromagnetic parameters of the inductor-piece system with temperature zones and a magnetic
field differing in the inductor length have been calculated by using the methods proposed.
According to the values of the magnetic permeability domains of a magnetic field are determined
in the inductor. In compliance with that an addition to the metal induction heating methods and
a calculation of the common equivalent parameters of the “inductor-piece” system has been
proposed. Temperature and magnetic modeling of an inductor with a piece for volume heating,
requiring specific technical solutions to obtain technological and production parameters, has
been done.

Ilyonukayusa I'7.2. Dankov D., P. Prodanov, “Analysis and Design of Quasi-Resonant ZVS
Inverter for Induction Heating in a Magnetic Circuit’, IEEE XXVI International Scientific
Conference ELECTRONICS ET 2017, IEEE Conference Record #41615, 13-15 Sept., Sozopol,
Bulgaria, pp. 220 — 226, ISBN 978-1-5386-1752-6 (SCOPUS)

Pe3zrome: B noknana ce npencrass U3CieABaHE Ha KBa3U-PE30HAHCEH Z V'S MHBEPTOP 3a HHAYK-
IUOHHO HarpsgBaHC B MarHuTHa BCpHra. I/IBB’pr_IeHO € MAaTCMATU4YCCKO MOJACIUpPAHC Ha
cucremara ,,AMHAYKTOp — JIE€Taili 3a yCTAHOBSIBAHE HA EKBHBAJCHTHUTE EJIEKTPUYECKHU
napameTpu Ha ToBapa. [IpencraBeH e aHaliu3 U IPOEKTUPAHE HA KBA3U-PE30HAHCHUS HHBEPTOP
U ca HalpaBeHU EKCIIEPUMEHTAHW HU3CIEABaHMS MpU pa3iuyHu ToBapu. M3BbplieHute
MoOJIeJIMpaHe U eKCIIepUMEHTaTHa Bepu(HUKaIis oka3zaxa BEpHOCTTA Ha U30paHUs MOJIEI U Ce
ABSIBAT MHOTO TOJIE€3HU IPU U3SICHSIBAHE HA EJIEKTPOMArHUTHUTE MPOIECH; HE3aBUCUMO OT
npeauMCTBaTa Ha HU3IOJI3BAHUA KBA3U-PC30HAHCCH HWHBCPTOP, KATO HHUCKHW KOMYTAlIlMUOHHH
3aryOM W TPOCTOTA, TOH MOXKE Ja C€ ONTHMH3Upa, ¢ u3noj3BaHeTo Ha SiC TpaH3UCTOPHU
HarpuMep; npeiaraHuTe ypeadu 3a MHIYKIMOHHO HarpsiBaHe B MarHUTHA BEpHUra MOrar jaa
HaMepAT MPUJIOKEHUE MPH 3all0siBaHEe Ha MEeYaTHH TUIATKU WIM PAa3IUuyHU BUIOBE (HosUs, pu
HarpsiBaHe Ha jJamMapvHa B aBTOPEMOHTHATa JEHHOCT WIIU IPU UHAYKIUOHHUTE KOTJIOHH, IIPU
HarpsiBaHe Ha He()epOMarHUTHU ChJIOBE.

Abstract: This paper presents a ZVS quasi-resonant inverter for induction heating in a magnetic
circuit. A mathematical modeling of induction coil - heated metal piece system has been done
to establish the equivalent electrical parameters of the load. Analysis and design of a quasi-
resonant inverter have been presented along with experimental examinations at different loads.
The modeling and experimental verification done in this work have proven the correctness of
the chosen model and they have also proved to be very useful in understanding the
electromagnetic processes. Along with the advantages of the quasi inverter conductor used, such
as high switching losses and simplicity, it can be further optimized by using SiC transistors, for




instance. The proposed systems for induction heating in a magnetic circuit can be widely used
in soldering printed circuit boards, or different types of foils, in heating metal sheets in car repair
shops or heating non-ferromagnetic utensils in induction cooking.

Ilyonuxayusa I'7.3. Dankov D., P. Prodanov, “Comparative study of power SiC MOSFET
control drivers”, IEEE XXVIII International Scientific Conference ELECTRONICS ET 2019,
IEEE Conference Record #48037, 12-14 Sept., Sozopol, Bulgaria, pp. 1 — 4, Category number
CFP19H39-ART, Code 153216, ISBN: 978-172812574-9, DOI: 10.1109/ET.2019.8878323
(SCOPUS)

Pe3rome: B T031 10K/ ce pa3riIekaaT CBOMCTBATA U IPEAUMCTBATA Ha J1BA TUIIA YIIPABJIABAIIN
SiC MOSFET tpansucrop apaiiBepu. HanpaBeHo € cpaBHUTETHO W3CIICABaHE HA JApaBEPUTE
10 OTHOILIEHHE HAa BPEMEHA Ha BKJIIOUBAHE U M3KJIOYBAHE HA Pa3jIM4YHU TUIIOBE TPAH3UCTOPH,
KaKTO M M0 OTHOIIEHHE Ha MOIIHOCTTA Ha 3aryOuTe B JpaliBepUTe MpH pa3iuyHu 4yecToTu. B
JIOKJIaJa ce MpaBy U3CJIEIBAHE Ha CHEMalIn3upaH apaiiBep ¢ unterpansa cxema ACPL-339) u
PEe30HaHCEeH JpaiiBep 1o oTHouleHue ynpasieHnero Ha momieH SiC MOSFET Ttpansucrop. 3a
EKCIEPUMEHTATHOTO H3CJeIBaHE Ha JpailBepure ca MOAOpaHM HAKOJIKO TpPaH3UCTOpa C
npUOIM3UTEIIHO €THAKBU MapaMeTpH, HO OT Pa3iMyeH THUIl, MOAXOMASIIM 3a M3MOJ3BaHE B
MocCTOB Ki1ac DE KBa3upe30HaHCEH MHBEPTOP 3a UHAYKIMOHHO HarpssaHe. IIpu HanpaBeHOTO
CpaBHEHHE Ha TpeJICTaBeHUTE ApaiiBepu 3a ynpasieHue Ha moiieH SiC MOSFET tpansuctop
ce YCTaHOBH, Ue€ B 4ecTOTHUA quana3oH a0 150kHz no moaxonsm 3a u3noia3BaHe € pupMeHHs
npaiisep ¢ ACPL 339J. Beripexu npenopbkute Ha prpmara nmpousBoauten odade, Haa 150kHz,
KbJeT0 0cHOBHO ce u3nomBat SiC MOSFET, no noaxossmy Ou 6w pe3oHaHCHHS IpaiiBep.

Abstract: This paper examines the properties and benefits of two types of control drivers for
SiC MOSFET transistors. A comparative study of the drivers has been done with regard to turn-
on and turn-off times of different types of transistors and also with regard to the quantity of the
losses in the drivers at different frequencies. The purpose of this paper is to compare one
specialized driver to ACPL-339J integrated circuit and one resonant driver with regard to a
power SiC MOSFET transistor control. The comparison of the two drivers for power SiC
MOSFET transistor control found that in a frequency range of up to 150kHz the corporate ACPL
339J driver is more suitable for use. However, despite the manufacturer’s recommendations,
above 150kHz where mainly SiC MOSFET are used, the resonant driver would be the better
option.

Ilyonuxayusa I'7.4. Prodanov P., “Reliability estimation of MOSFET transistors in dependency
of thermal resistance of cooling system”, Proceedings of 11th National conference with
international participation "ELECTRONICA 2020", 23 - 24 July 2020, Sofia (mox 3a neuar)
(SCOPUS)

Pezrwome: IlpeacraBen € mMojen 3a WM3YUCICHUE IMOKA3aTEJIUTE HA HAJEKIHOCT HA CHIIOBH
MOSFET Ttpan3uctopu Ha 6a3a MOJIe]I OTYUTAII TOIUTMHHOTO CHITPOTUBIICHHUE HAa OXJIAXKAAIIATA
cucrema. MMiuiemMenTHpaneTo Ha To3u monen B metoaukara Ha MIL-HDBK-217F nmokasBa
pe3ynTaTtd KOUTO MoMarar ga ObJaT OmnpeAelieHM MaKCUMAaTHHUTE 3aryOu B TPaH3UCTOPU U
MaKCHMaJIHaTa TeMIepaTypa Ha OXJa)kaalata BojAa MPU ONPENeSIEHO HUBO Ha HAJIEKIHOCT,
3a1aJlcH0 OT TPOEKTAaHT WU TMOTPEOMTENl Ha eNeKTpoHHaTa amaparypa. OT mMoxydeHute
rpa¢uyHN 3aBUCUMOCTH C€ BWXJA, Y€ yBEJIMYaBAHETO Ha 3aryOWTe Ha MOUTHOCT Ppiss
NPUYMHIBA HEJIMHEWHO HaMajsiBAHE Ha HAJACKIHOCTTA Ha TPAH3HCTOpa, a YBEJIMYaBaHE




temnepatypara Ta Boau A0 JIMHEHHO HaMallsiBaHE Ha HaJlekIHOCTTa. HampaBeHuTe aHanusu
II0Ka3BaT, Y€ yBEIMYABAHETO Ha 3aryoute Ppiss BaMse B Mo-royisiMa CTENEH Ha HAa/IEXKJHOCTTA
cpsiMo Temriepatypata Ta Ha oxnaxkpamara Boja. lIpencraBeHWTe YeTHpH peXMMa Ha
MOITHOCTH, MOKa3BaT CUJIHO HamajsiBaHEe Ha HAJEXKIHOCTTA C YBEJIMYABAHETO Ha 3aryOHTE B
tpausucropure. IlogoOpsiBaHe Ha TOKa3aTeNUTe HA HAAKIHOCT OWM ce MOIy4YWwIo C
OorpaHMYaBaHe Ha 3aryOHTe B TPAH3HCTOPA, KaTo ce u3bepe mo-Hucka paboTHa yecTora, padbora
C IpaliBEpHU CXEMHU OCUTYPSBAILH 1T0-0BbP30 OTIYIIBAHE U 3aIyIIBaHE HA TPAH3UCTOPHUTE WU
HaMmajsiBaHe pabOTHOTO HAINPEKEHHUE BbPXY TPAH3UCTOPHTE.

Abstract: A model for calculating the reliability indicators of power MOSFET transistors is
presented on the basis of a model considering the thermal resistance of the cooling system. The
implementation of this model in the MIL-HDBK-217F method shows results which help to
define the maximum transistor losses and the maximum temperature of the cooling water under
a particular reliability level set by a designer or a user of the electronic equipment. The presented
graphical dependencies indicate that an increase of power losses Ppiss causes a non-linear
decrease of transistor reliability whereas an increase of temperature Ta results in a linear
decrease of reliability. The increasing of losses Ppiss has a higher effect on reliability function
of MOSFET transistors. The four power modes presented herein show a considerable decrease
of reliability as transistor losses increase. Reliability indicators could be enhanced if transistor
losses are limited by choosing lower operating frequency, operation with driver circuits ensuring
faster opening and closing of the transistors or by decreasing the operating voltage across the
transistors.

I'pyna I'.8. Hayunu ny0aukanumu B Hepedepupanu CIIUCAHUS C HAYYHO
peleH3upaHe WM B PeIaKTHPAHU KOJIEKTUBHU TOMOBE

Ilyonukayua I8.1. CumeonoB, M. B., II. IlpomanoB, “H3crnedsame e@rusHuemo Ha
EeKCNIIOAMAYUOHHUME YCI08UL U GIUSHUEMO UM NPU ONpedeisHe HA HAOeHCOHOCMMmA HA
3axpaneany U3MOYHUK 3a UHOVKYUOHHA mexHono2us”, MexXayHapoIHa HaydyHa KOH(pEpEeHIUS
LUNITECH 2010%, 19 — 20 Hoemspwu, 2010, I'abposo, ctp. [-236 — c1p. 1-239, ISSN 1313-
230X.

Pe3rome: 1lpyn aHanu3bT Ha KOJMYECTBEHUTE IOKA3aTeNIM HAa HAAEKIHOCT HAa 3axpaHBalld
U3TOYHHMIM 33 WHAYKIHMOHHM TEXHOJOIMM C€ M3MOI3BAaT JaHHU 3a peaHuTe paboTHU U
eKCIJIOATallMOHHM yCJIOBUS. B 1oknama ce u3BBpIIBA  aHAIM3 HAa BIUSHUETO Ha
€KCIJIOATAallMOHHUTE YCJIOBHMsS BBPXY KOJMYECTBEHHTE IIOKA3aTEIM HAa HAJSKIHOCT Ha
TPAH3UCTOPEH 3axpaHBalll M3TOYHUK, M3MOJI3BaH B IPOU3BOACTBOTO Ha TpbOHA Meben.
ExcruioataliluOHHUTE YCIOBUS CE ONPENEIIAT, Ype3 BbBEKIAHETO HA KOPEKIIMOHEH KOS(PULIUEHT
OTUMTAIll AETAIHO TSIXHOTO BJIMSHUE BbpPXY HalekAHOCTTa. Ch31a7eH € TPUMEPEH MOJEN 3a
IpEeJCTaBIHE HA 3aBUCUMOCTTa Ha BEPOSTHOCTTA 3a 0e30TKa3Ha paboTa OT U3MEHEHHMETO Ha
napaMeTpuTe TEMIIEpaTypa U OTHOCUTENIHA BiIaKHOCT. [locpeicTBOM TO3M MOIEN ITPU 3a1aIEHO
HHUBO Ha HaJIeXKTHOCT U BPEME 3a €KCIUIoaTalusl Ha 3aXpaHBallMsl H3TOUYHUK OT NOTPeOUTENs Ha
3axpaHBaIllys MU3TOYHHK, CE OMPEACTAT NOMyCTUMHUTE MapaMeTpu Ha (PaKTOPHTE Ha OKOJHA
cpena.




Abstract: When analyzing the quantitative reliability indicators of power supplies for induction
technologies, we use data about real operating conditions. The paper considers an analysis of
the effect of operating conditions on the quantitative reliability indicators of a transistor power
supply used in the manufacturing of tubular furniture. The operating conditions are defined by
introducing a correction factor considering their effect on reliability in details. A 3-D model has
been built so as to present the dependency of the failure-free operation probability on the change
of temperature and relative humidity. By means of this model the admissible parameters of the
environmental factors are determined when the reliability level and the operating time of the
power supply are set by the user of the power supply.

Ilyonukayua I8.2. CumeonoB, M. B., JI. Jlankos, II. IlpomanoB, Xp. MOpummmos.
,, PeKoHcmpyKkyust u MoOepHu3ayus Ha cucmema 3a ynpasienue Ha napaieieH UHeepmop 3d
00eMHO UHOYKYUOHHO Hazpasane . MexayHapoaHa HayuHa kKoHepenuus ,,UNITECH 2010%,
19 — 20 Hoemspu, 2010, I'abpoBo, ctp. [-226 — cTp. [-231, ISSN 1313-230X.

Pe3zrome: B noknana ce pasriex/ia cucTeMa 3a yIpaBJICHHE Ha TTapalieJieH HHBEPTOpP Ha TOK 3a
00eMHO HarpsiBaHe Ha JETalIM Mpedau KoBaHe WM npecoBaHe. Cucremara € u3rpajeHa oT
MHOKECTBO IUIaTKu u3non3Bamy DTL noruuecku cxemMu UM TaMepH, KakKTO M aHAJIOTOBU
KIIFOYOBE, KOUTO B TEUCHHE Ha EKCIUIOATAIUsATa Ha ChOOPaKEHHUSATA JaBaT OTKa3u. BcHUku
WHTETPaJIHA CXEMH Ca 3aMEHEHM CbhC cbBpeMeHHM CMOS normyecku cxemu, TaiMepu u
AHAJIOTOBHU KIIFOYOBC. C.HGI[ HaHpaBGHI/ITe HpOMeHI/I B CXEMOTCXHHUKAaTa Ha OTACIIHUTC
(GyHKIIMOHATHU BB3JIM, Ca M3TOTBEHHU NIEYaTHH IUIATKH 3a CUCTeMaTa 3a ynpasienue. [lnatkure
Ca TSCCTBAHU U IIOCTABCHHU B CKCILJIOATalluA. YCTaHOBI/I CC II'bJIHA 3aMCHACMOCT U U3IIO0JI3BAHC HA
napamMeTpuTe Ha HWHAYKIIMOHHHTE YpeAOW ¢ TIOBHINICHA HAJEKIHOCT Ha CHCTEMara 3a
yIIpaBIEHHUE.

Abstract: The present paper considers a system for controlling a parallel invertor for volumetric
heating of pieces before being subjected to forging and pressing. The system consists of a
number of circuit boards using DTL logic circuits and timers, as well as analog switches, which
fail over the course of operation of equipment. All integrated circuits are replaced with advanced
CMOS logic circuits, timers and analog switches. After the changes done in the circuitry of the
single functional units, printed circuit boards have been developed for the control system. Those
boards have been tested and launched into service. Complete interchangeability and use of the
parameters of the induction devices of increased reliability of the control system have been
established.

Ilyonuxkayua I'8.3. Cumeonos, M. B., Il. IlpoganoB. “Onpeodensine na eeposmuocmuume
CLCMOAHUSL NO MAPKOG HA 3AXPAHEAUY U3MOYHUK 34 UHOVKYUOHHU MEXHON02UU CbC 3aWUMHU
enekmpoHuu cucmemu’”’. MexayHapoaHa HayyHa koHdepennus ,,UNITECH 2011¢, 18 — 19
Hoewmspu, 2011, I'aGpoBo, ctp. [-225 — ctp. [-229, ISSN 1313-230X.

Pe3rome: MopaenupaHeTo Ha BEpOSITHOCTHUTE ChbCTOSTHUS, U3BECTHO KaTO aHAIM3 Ha MapKoB ce
U3II0JI3Ba B CJIyYaWTe, KOTaTO C€ THPCH B KaKBO BEPOSATHOCTHO CHCTOSHHUE IIE CE HAMHUPa
U3CTIEABaHMS OOCKT ClJIe[] ONpeAeNieH Tepuoa OT BpeMme, NpH neUHUpPAHH BEPOSTHOCTHU
CBhCTOSIHMS W HAYaIHO CBhCTOsHUE. YacT OT BEpOSTHOCTHHTE CHCTOSIHHS Morar na Obaar
neduHUPAHN KaTo — padOTOCTIOCOOHO, 3alIUTHO 1 0TKa3. IHTepec mpeacTaBisiBa BIUSHHETO Ha
BHE/IpEHHTE B OOEKTa CXeMH 3a 3alllUTa W TAXHAaTa €(PEeKTHMBHOCT OT IJIeqHA TOYKa Ha
HAJICKIHOCTTA, T. €. JAJIM Te I MOBUIIAT HAJCKIHOCTTA HAa 00CKTa M KAaK CE OIICHSIBA TAXHOTO




BiausHUE. Cb31aJeH € BEPOATHOCTEH MOJEI OTYMTAL] T€3U TPU BB3MOKHU CHCTOSIHMS M ca
NOJIyYEeHHU PE3yJITaTh 3a BEPOSATHOCTTA 32 0€30TKa3Ha paboTa Ha TpaH3UCTOPEH peoOpa3yBaTel
¢ 1 0e3 U3M0JI3BaHe HA CXEMH 3a 3allluTa U quarHoctuka. [Ipu nedunupan onpenenes nepuosaa
Ha EKCIUIoaTalus, Ceé OTYMTA 3HAUYMUTEIHO NOBUILIABAHE HA HAAEKIHOCTTA, B CIEICTBUE Ha
BIPAJICHUTE 3aIUTH 10 TOK U IO HampexeHue. OT pe3yaTaTUTe, NPENCTaBeHU B JOKIAJa, Ce
HNOTBBPIU €(PEKTUBHOCTTa OT HM3IOJ3BAaHE Ha EJNEKTPOHHM 3allUTH, OTHECEHO KbM oOuIara
OLICHKa Ha HaAeKAHOCT. To3M THUI aHaIM3 MNPEeNOCTaBs BB3MOXKHOCT Ja CE€ OINPENessaT
BBH3MOKHUTE BEPOSITHOCTHU CBCTOSHUS - PabOTOCIIOCOOHO, 3alIUTHO M OTKa3, KaTro 4acT OT
MHO’KECTBO Ha CbCTOSIHUSATA U € IPUIJIOKUM ITPU HAJTMYUETO Ha IIOBEYE OT €/1HA 3aILUTHA CXeMa
WK TyOJIMpaHu TakuBa, KAKBUTO CIIyYau ca MpeoOpazyBaTeId HAa €HEprusl 3a MHIYKIHOHHH
TEXHOJIOTUH.

Abstract: The reliability of power supplies for induction heating technologies can be defined
using the State Analysis Method. For any given system, Markov model consists of a list of the
possible states of that system, the possible transition paths between those states, and the rate
parameters of those transitions. Those states could be reduced to: operability, failure and
protection. To do that type of analysis, Markov Analysis is used, which allows for the design of
reliability analysis models that could be used for enhancing the reliability of energy storage
devices. To determine the probability conditions of the observed power supply is used the
Markov's analysis. This method gave the reliability of electronic circuits with more than two
conditions - operating, safety state or failure. The results presented in the paper confirm the
effectiveness of the electronic protections related to the overall reliability assessment. That type
of analysis provides an opportunity for defining the possible probability states — operability,
protection and failure as a set of states. It is applicable where there are more than one protection
circuit or duplicated ones, e.g. energy converters for induction technologies.

Ilyonukayusa I'8.4. llponanos, I1. U. M. Cumeonos. ,, Cucmema 3a ynpaeneniue Ha CmvnKosu
osueamenu 6 MawluHu ¢ Yugpposo-npoepamno ynpaeienue’. Medxcoynapoona Hayuna
kougepenyusa ,,UNITECH 2011%, 18 — 19 Hoemspu, 2011, I'abposo, ctp. 1-230 — ctp. 1-234,
ISSN 1313-230X.

Peztome: Mammaute ¢ CNC ympaBieHrne Hai-o0IIO0 MPENCTaBIsSBaT MeTalooOpadboTBamu
mamuHu ¢ LITY (uudposo-iporpamuo ympasienue — Computer Numerical Control). B
JOKJIaJa ce TMpeACTaBsl peau3upaHeTO Ha JpaiiBepHa cxeMa 3a yMNpaBieHHE Ha CTHIKOBU
JBUTATENN C TIOBHIICHU (YHKIIMOHATHU BH3MOKHOCTH M aKTHBHO PETyJIHMpaHe Ha TOKa Ha
CTBIIKOBHS JABHUraTeN CIOpE] MOCTHIIBALIUTE YIPABISBALIM UMIYJCU 32 JBUKEHHE B JaJeHa
nocoka. [IpoekTrpaHa € ChIO Taka cXeMa 3a OChUIECTBABAHE HA BPB3Ka MEXKAY YIpPaBIIsABAILl
copryep Mach3 w wm3mbaHUTENHATa YacT Ha MammHaTa. [lpeaBuaeHW ca cleaHuTe
(GYHKIIMOHATHN W3BOAM 3a YIPAaBICHHE — CTHIIKA, MMOCOKA HA BBPTEHE 33 TPU CTHIKOBH
JBUTATENs, KaKTO U BB3MOXHOCT 3a YIIpPaBJIICHWE Ha LIMHHJEN, OXJIaXJaHEe U MOYHCTBAHE.
BbBeneHOTO TOKOOTpaHWYaBaHE Ha JIBUTATEIUTE B PEKUM HA TOKOW Hamals TOIUTHHHHUTE
3ary0u KakTo B JBUTATEIUTE, TaKa U B UHTETPAIHUTE cXeMH. ToBa MOBUINABA HAJAECKIHOCTTA
Ha U3/IeIMETO U TMOBUIIIaBa Koe(UIIMEeHTa Ha MTOJIE3HO IeHCTBHE HA MallIMHATA.

Abstract: CNC machines are widely used in industry for processes of cutting, engraving, drilling
holes, etc. This paper is present a solutions for the interface PCB and driver scheme for control
of stepper motors in three axis CNC machine. The designed PCB is compatible with Mach3




software. The interface board operate with signals for step, direction and enable, and also
controls the spindle motor and cooling system. Also we will describe a solution for limitation
of current in brake and standby mode for each stepper motor. The implemented solution for
reduction of current of stepper motor and driver lead to decreasing of the stepper motor
temperature and increase the efficiency of the CNC machines.

Ilyonukayusa I'8.5. I1. Ilpoaanos, ,, Ananu3 Ha NPULONCUMOCIING HA MEMOOUKU 30 UZHUCTICHUSL
N0 HAOEHCOHOCM KbM 3aXpaH8auju U3SMOYHUYU 3a UHOYKYUOHHU mexnoroz2uu”’, VI3BecTHs Ha
Texuuuecku ynusepcuter-I'abpoo, ['abposo 2012, 6poii 43, ctp. 90 - 95, ISSN 1310-6686.

Peztome: llpecMsiTaHeTo Ha BeIMYMHATA WHTEH3UBHOCT HAa OTKa3UTE Ha EJIEKTPOHHUTE
€JIEMEHTH C€ OCHOBaBa Ha METOAUKH, pa3paO0OTEHH 3a Pa3IMYHA UHAYCTPUATHH TTPHUIIOKEHUS.
Ot HampaBeHHUs aHAJIU3 € YCTAaHOBEHO, Y€ METOJAUKUTE, KOUTO B HAl-TOJIsIMA CTENIEH OTrOBapsIT
Ha M3WMCKBAaHUATA 33 MPEeCMITaHE MHTCH3WBHOCTTA HA OTKAa3UTE HA CICKTPOHHHUTE €IEMEHTH
u3non3anu ca MIL-HDBK-217F, RDF2000 u FIDES. U3cnensana e apaiiBepHa cxema, KaTto
ca MPUJIOKEHH TpUTe MeToIuKH. [IpecTaBeHnTe METOIM 1aBaT HaTJIe/IeH MMPUMEp 3a €JIEMEHTa,
rpyna eJleMeHTH W OJIOK, OT KOMTO MOXKE Ja Ce OYakBa OTKa3 B Mpolleca Ha eKCIUIOATAIHS.
Meroaukara, KOSTO B Hail-rosiMa CTereH oOxBamia BCHYKH (DaKTOpU M MOXKE Ja Obae
agantupada u aonbiaBaHa € MIL-HDBK-217F. Tlpu octananu aBe METOAMKHU c€ Mpejasiara
CJI0’KHA M3YUCIIMTEIIHA MPOIEAYypa, CBbpP3aHa C ONPEIeIssHe Ha TPaHUYHU TOIJIMHHU YCJIOBHS,
paboOTHUTE PEKUMH, BPEMETO 32 €KCILJIOATAIUs U MPECTON, KAKTO M KOJTMYECTBO M Ka4eCTBO HA
W3II0JI3BAHUTE €JIEMEHTH.

Abstract: The calculation of the failure rate of electronic components is based on methods that
have been developed for various industrial applications. The analysis done shows that the
methods which best meet the requirements for calculating the failure rate of electronic
components are MIL-HDBK-217F, RDF2000 and FIDES. A driver circuit has been studied by
using the three methods. The methods presented give a clear example of the component, the
group of components and the units where failure is expected to occur in the course of operation.
The method which covers all factors and could be adapted is MIL-HDBK-217F. The other two
methods involve a complicated calculation procedure which requires the definition of boundary
thermal conditions, operating modes, operating and down time, as well as the quantity and
quality of the components used.

Ilyonuxkayua I'8.6. Prodanov P., D. Dankov, M. Simeonov, ,,Analysis of reliability on the
electronic ballast for compact fluorescent lamp”, Proceedings of XVII-th International
Symposium on Electrical Apparatus and Technologies SIELA 2012, Sofia 28-30 May 2012,
vol. 1, pp. 254 - 261. ISSN 1314-6297.

Pe3tome: HampaBeHo e wu3cieqBaHe Ha JIBE TUIA EJIEKTPOHHM OajgacTh 3a KOMITAKTHHU
bayopucnentau amnu (CFL) oT pa3nuyHu Nporu3BOAUTENN — €BPONIEHCKH U KUTAWCKH, C €THA
U Chllla eJeMeHTa 0a3a U CXeMEH BapHaHT. B pe3yiTar Ha HalpaBeHUTE U3CIICABAHUATA, MOXKE
na ce 00001y, ye MpH eBPOINMENCKHs MPOU3BOJUTENl C€ IMOojyyaBa IMO-TOJIIMO BpeMe Ha
eKCIuloaTanusi, B CIeACTBUE Ha Mo-1o0poto KoHcTpyupane CFL u opasmepsiBaHe Ha
€JIEKTPOHHUTE €JIEMEHTH. B pe3ynraT Ha H3CIEABAHETO Ca YCTAaHOBEHH EJIEKTPOHHUTE
€JIEMEHTH, KOUTO MOTEHIMAIHO MoraT j1a npeau3Bukar orka3 B CFL. U npu nBara Ganacta ca
MOJTy4YE€HU WIECHTHUYHU Pe3yJITaTH, KOETO ce 00ACHSABA C TOIMOJIOTUATA HAa cXemaTa U u30paHaTa
eJIeMeHTHa 0a3a. YCTaHOBH C€ HEMOCPEICTBEHOTO BIMSIHME Ha TEMIepaTypara B KOpIyca Ha




CFL Bbpxy TsXxHATa HaAeKIHOCT. EBeHTyalHO MOBHUIIABaHE HA TEMIEpaTypara Ha OKOJHAaTa
cpena, BiomaBa cbio HagexaHocrra Ha CFL oT To3u THH, 3a TOBa HE ce NIpenopbyBa
U3IOJI3BAHETO UM Ha OTKPHUTO, IPHU MPSIKO CIHHUEBO HATPsIBAHE.

Abstract: Two types of electronic ballasts for compact fluorescent lamps (CFL), made by
different manufacturers — European and Chinese, with identical components and circuits have
been studied. On the basis of the results obtained, it could be summarized that those made by
European manufacturers have higher operating time due to better design of CFL and better
dimensioning of the electronic components. As a result of the study, the electronic components
which could potentially cause failures in CFL have been identified. The obtained results are
identical for both ballasts, which could be explained with the topology of the circuit and the
components been chosen. The immediate effect of the temperature in the CFL frame on their
reliability has been established. A possible increase of the ambient temperature also deteriorates
the reliability of CFL of that type. Therefore, it is not recommended to use them in the open,
exposed to direct sunlight.

Ilyonuxkayusa I'8.7. Jankos /1., II. IIponanoB, M. CumeoHoOB, ,,/I3credsane u cumynayus Ha
uneepmopen enekmpooicer”’, Coopuuk noknaau EJIEKTPOHUKA 2012, Codus 14-15 FOuun
2012, ctp. 144 - 149. ISSN 1313-3985.

Pe3rome: Tosu mipencraBs U3cieABaHe HA 3aBapbueH amapaT OT HOBO MOKOJICHHE, BKIIFOUBAII]
BHCOKOUYECTOTEH HWHBEPTOp 3axpaHBall QepureH ummyliceH TtpaHchopmatop. Toszu Tum
YCTPOMCTBA ca JIEKH, HAJACKIHU, 'bBKaBH U Ipeyiarat 1o0pa eheKTuBHOCT, Obp3a peakius u
cTabuiHOCT Ha ympasieHuero. [IpenctaBeHn ca cUMyNallMOHEH MOJENT U €KCIIEpUMEHTAIIHU
pe3yaTaTu Ha MPOTOTUN ¢ HoMUHAIHA cTOWHOCT 200A (TOK Ha IIBJIHO HAaTOBApBaHE) U YECTOTA
Ha npeBkiouBade 30 kHz. B nokmana ce ycraHoBH HEOOXOUMOCTTA OT 1TOI00p Ha MapajeIHO
paboTemmTe TPAaH3UCTOPHU MO OTHOIICHHE HA BPEMEHATa Ha MpEBKIIOYBaHe. B Ta3u BpB3Ka,
KaTo peIIeHHE ce npeiara 3amsinata Ha napanenHo cBbp3anute MOSFET ¢ equnnunu IGBT,
KaTo MO-HAACKIHO PEIIeHUE, Thii KATO TOKBT MPe3 TPAH3UCTOPUTE € TIO-TOJISIM, B CpaBHEHHUE C
TOKa TMpe3 TPaH3UCTOPUTE Ha JBYTAaKTHUTE mpeoOpa3yBartenu. Jlpyr mnpobiem e
HECUMETpUYHaTa paboTa Ha TpaHchopMaropa W OT TaM HYXKJAaTa OT TOJIIM MAarHUTOMPOBOT
3aIBJKUTEIHO C Bb3AYIIHA MEXINHA.

Abstract. This paper presents a new generation of welders incorporating high-frequency inverter
driving soft-ferrite pulse transformers. They are light, reliable, flexible, and offer good
efficiency, fast response and control robustness. Simulation model and experimental results of
a prototype rated 200A (full load current) and 30 kHz switching frequency are presented. The
paper views the necessity for selecting transistors operating in parallel in relation to switching
times. Therefore, a solution is proposed where the parallel MOSFET transistors are replaced
with single IGBT. It is a more reliable solution since the current across the transistors is higher
than that across the transistors of the two-stroke converters. Another problem is the asymmetric
operation of the transformer thus resulting in the necessity for a big magnetic core with an air

£ap.

Ilyonuxkayusa I'8.8. Ilponanos, Il. U., CumeoHOB. ,,/3ciedsane Ha cucmema 3a ynpaesienue Ha
cepsoosucamen”, MexayHnapoana HayaHna kondepenius ,,UNITECH 2012, 16 — 17 Hoemspw,
2012, I'abposo, ctp. [-244 — ctp. 1.248, ISSN 1313-230X.




Pe3rome: CepBOIBUraTENINTE Ca CIEKTPUYECKHU IBUTaTENN, KOHCTPYUPAHU TaKa, 4€ IPUOPUTET
Jla UMaT JMHAMUYHUTE CBOMCTBA. B HacTosmara pa3paboTka € mpeCcTaBeH CEPBOKOHTPOJIEP C
BrpajsieHu B Hero ,,kinacuuecku™ [T J[(PID) perynarop 3aeaHO ¢ mpeicKa3BaiioTo yIpaBicHHUE.
CepBOKOHTpoOJIEpa € U3rpajeH Ha 06aza MUKpokoHTposiep ATtiny2313, kKaTo U3MBIHABA BCUUKH
(YHKLIMU IIpU yNIPaBJIEHUETO, KaTO MPUXBAIAHE Ha MO3ULHUS, CEPBO yNpaBIEHUE, YIIPABICHUE
Ha HIMM(PWM) usxoaure u KomaHaute 3a aBwikeHue npe3 Hyperterminal. Peanusupana e
MHOXECTBEHa OOpaTHa Bpb3Ka, KOATO € Hail-uecTo M3MOJI3BaHA M € OCHOBHAa 3a
cepBOKOHTposiepuTe. M3rpageH e XocT nHTepdeiic, KOWTo MOXe Ja ce€ KOHTPOJIUpPA OT BCEKU
XOCT KOHTpOJIEp, KOMTO MOKe 1a ObJie CBBP3aH AUPEKTHO KbM CEPUHHUS MOPT HA KOMIIOTHPA.
W3srpanen e chIo MMITYJICHO YNpaBiisiBaH MHTEp(ENc, KaKTO MOBEYETO CEPBO KOHTPOJIEPH,
KOWTO € HeoOXoauM 3a TMojaBaHe Ha wuMmmyicu 3a crbnka u mocoka (STEP/DIR) nHa
cepBosBurarens. PazpaboTeHo u e u3cieqBaHo MOBEJICHUETO Ha CEPBO3aIBUKBAILATa CUCTEMA
B TpU pabOTHH pEXHMa: PEKHUM B IOCTOSHHO HANPEKEHUE, PEKUM C IOCTOSHHA CKOPOCT,
PEKUM C TIOCTOSIHEH BHPTAL] MOMEHT. M B TpuTe pabOTHH pekuMa CUCTeMaTa IoKa3Ba J00pu
JUHEHWHU XapaKTEePUCTUKHU MoTydeHu Ha 6a3a npenuseH [11]] perymarop u cucrema [HINM.

Abstract: Servomotors are electric motors designed in such a way that priority is given to
dynamic properties. The present work views a servo controller with a built-in “classic” PID
controller together with a predictive control. The servo controller has been built on the basis of
an ATtiny2313 microcontroller and it performs all control functions such as detection of
position, servo control, control of PWM outputs and movement commands through
Hyperterminal. A multiple feedback, which is the most common one and fundamental for servo
controllers, has been implemented. A host interface which can be controlled by each host
controller that can be directly connected to the computer serial port has been built. As with most
servo controllers, a pulse-controlled interface, which is required to transmit STEP/DIR pulses
to the servomotor, has been designed. The behavior of the servo drive system has been studied
in three operating modes: constant voltage mode, constant speed mode and constant torque
mode. In all three modes the system demonstrates good linear characteristics obtained on the
basis of a precise PID controller and PWM system.

Ilyonuxkayusa I'8.9. llponaunos, I1. U., /1. JlankoB, M. CUMEOHOB. ,,AHanu3 na Hadexconocmma
Ha uneepmoper enekmpodicer’”, MexayHaponna Hayuna koHbepenus ,,UNITECH 2012%, 16
— 17 Hoemspu, 2012, T'abposo, ctp.I-238 — ctp. 1.243, ISSN 1313-230X.

Pe3ome: B noknana ce mpaBu aHalM3 [0 HAJEKIHOCT Ha MHBEPTOPEH €IEKTPOKEH, KOWUTO
MOXE J1a c€ PA3rJekAa KaTo €AHa CJIO0XHA €JIEKTPOHHA CUCTEMA, KbM KOSTO CE€ MOCTABST
M3HUCKBAaHUS IO OTHOLIEHHE Ha HAIEKIHOCT M MOJAPBXKKA, T.6. KaKbB BHUJ TPELIKH WU
KOMOUMHAIMK OT TSAX FeHepHpaT OnpeeseHa HaJeKAHOCT Ha CUCTeMaTa U KOi € Hall-eBTUHUAT
BapHUaHT 3a BB3CTAHOBSABAaHE Ha eJIEKTPOHHATa amaparypa. Thil Karo He BCHYKM pabOTHH
peXUMHU MoraT Aa ObAaT ONpeAeseHH OIUTHO, KaTO pEIIeHUE B JIOKJIaJa € Ja Ce HalpaBsT
IPAKTUYECKH U3CIIEIBaHUS TaM KBJIETO € Bb3MOXKHO, & OCTAHAJIUTE NapaMeTpH Ja Ce HaMepsT
Yype3 H3MOJI3BAHETO HAa TOYHM CUMYJAllMM HAa CXEMara, C pealHd MOJEIM Ha aKTUBHUTE
€JIEMEHTH. 3a LieTa, CXeMaTa Ha CHJIoBaTa 4acT Ha MHBepTopHus enexkrpoxeH CADDY?200 e
cumyiupana B OrCAD PSPICE10.5 Cnen aHanmu3 W H3YUCIECHHE HAa KOJUYECTBEHUTE
IIOKA3aTeNH 110 Ha/IEkKAHOCT C€ YCTAHOBH, Y€ HAEKTHOCTTA HA €JIEKTPOKEHA KAaTo LSJI0 3aBUCH
B Hali-royisiMa CTENEeH OT HAaJEeKIHOCTTa Ha W3IMOJI3BAHUTE MOILHU TpaH3ucropu. [lopaau
3aTpyJHEHaTa PEMOHTHONPOTOJHOCT, CBbp3aHa C Moa0Opa Ha TPAaH3UCTOPH C E€IHAKBH




napaMeTpu, ce mpejyiara CXeMHO penieHue ¢ uznon3aHeTo Ha MomHu IGBT Tpan3uctopu.
[IpoBenenuTe n3cneaBaHus M0 HAACKIHOCT, [TIOKA3BaT yBeJIMYaBaHe Ha HajexaHocTTa ¢ 50%
U YBEJIMYaBaHE HA CPETHOTO BPEME MEX/1y OTKa3UTe MPUOIUZUTETHO TPU MIBTH.

Abstract: The present paper considers a reliability analysis of an inverter electric welding
machine, which could be viewed as a complex electronic system towards which requirements
in relation to reliability and maintenance (i.e. what type of errors or combination of them
generate particular reliability of the system or which is the cheapest version for recovering the
electronic equipment) are set down. Since not all operating modes can be determined by tests,
the paper proposes a solution where practical tests are done wherever possible and the rest
parameters are found by using accurate simulation of the circuit with real models of the active
components. For that purpose, the power unit of CADDY200 inverter electric welding machine
has been simulated in OrCAD PSPICE10.5. After analyzing and calculating the quantitative
reliability indicators, it has been established that the reliability of the electric welding machine
mostly depends on the reliability of the power transistors used. Due to the difficult repairability
related to the selection of transistors of identical parameters a solution where powerful IGBT
transistors are used is proposed. The reliability studies done show an increase of reliability by
50% and an approximately threefold increase of mean time between failures.

Ilyonuxkayua I'8.10. 1. Ilponaunos, ,/3ciedsane Ha cep8okommpoaep 3a ynpasiexue Hd
HOCMOAHHOMOKO08 cepsodsueamen”, VI3Bectuss Ha TexHuuecku yHuBepcurteT-I'abposo,
["a6poso 2013, Gpoii 46, ctp. 94-98, ISSN 1310-6686.

Pe3rome: B HacTosmaTa cratus ce mpeacrass cumynanus Ha mudpos [T JI-perynaTop padorer
B MOCTOSIHHOTOKOB JBUTATeJl, 3a€HO C €KCIIEPUMEHTAIHU HW3CIIC[IBAHMS Ha pealu3upaHara
CUCTeMa CEepBOKOHTpoJiep-cepBoaBuraren. ChcTaBeHa € OJOKOBa cxema Ha MOAM(PHUIHMpPAHU
moenu Ha 1 pos [T ][-perynaTop v mOCTOSHHOTOKOB MaJIOMOIIEH ABUTATE, 32 U3BBPIIBAHE
Ha cuMynanuu B copryeper npoaykt MATLAB. HanmpaBeHo € cumMyIalluOHHO U3CIIEIBAHE 110
3a/1aJIeH MOJieJl Ha YCKOpPEHHE U ca IMOJYYeHU CTOMHOCTU 3a MapaMeTpUTE Ha U3MOJI3BaHUS
[IN/I-perynatop. IlomyueHu ca eKCIEpUMEHTATIHU PE3YIATaTH, KOUTO ChOTBETCTBAT C
MOJIyYEHUTE PE3yATaTH OT CUMYJIALIMOHHUSI MOJEN, KaKTO KaTO YHUCIOBU CTOMHOCTH, Taka U
KaTo MOJEN Ha NOBEeJeHuEe Ha cucremara. [IpencraBeHus Moaen MoXe Ja ce HM3I0JI3Ba 3a
MoJenupane Ha cepBocuctemu ¢ uugpposu [THU][-perynaropu u na ce Moay4aT KOHKPETHUTE
napaMeTpH 3a 33/aJIeH peXUM Ha paboTa WM KOHKPETHO PUJIOKEHUE B 1aZieHa MalllHa.

Abstract: The present paper considers a simulation of a digital PID controller operating in a DC
motor. It also presents the experimental study of a servo controller-servomotor system been
developed. A block diagram of modified models of a digital PID controller and a DC low-power
motor has been built so as to do simulations in MATLAB. A simulation study has been done
according to a set model of acceleration and the values of the parameters of the used PID
controller have been obtained. Experimental results have been obtained. They correspond to the
results obtained from the simulation model as both numeric values and system’s behavior. The
model proposed could be used for modelling servo systems with digital PID controllers and for
obtaining specific parameters for a set operating mode or a particular application in a given
machine.

Ilyonuxkayua I'8.11. Tlponanos, Il. 1., M. Cumeonos. ,,Tenoenyuu 6 pazeumuemo Ha
MemoOuKU 34 U3YUCTABAHE HA UHMEH3UBHOCMMA HA OMKA3Uume Ha eleKmpOHHU eleMeHmu’,




Mexnynapoana HayuHa koHpepennus ,,UNITECH 2013%, 22 — 23 Hoemspu, 2013, I'abposo,
ctp. [-224 — ctp. [-228, ISSN 1313-230X.

Pe3rome: B noknana ce nmpencTaBsiT HOBOCTUTE U TEHJECHIIMUTE B CbBPEMEHHUTE METOAMKH 3a
W34YUCIICHHE HAa MHTEH3UBHOCTTA HA OTKA3UTE W IMPWJIAraHETO UM YCIIEHIHO KbM €JIEKTPOHHU
u37enusl B KOHKpeTHa objact oT mpomunuieHocrra. Ciien IeTaijieH Mperyie] U aHalu3 Ha
IIpeUIaraHuTe KbM HACTOSAIUS MOMEHT METONMKHM 3a M3YMCIICHHE Ha WHTEH3MBHOCTTA Ha
OTKa3HUTEe Ce HalpaBU HOBa Kiacu(UKanus U KbM Hes € T00aBeH TPEeTH KJIOH, KbM KOH J1a ce
OPUYKUCIAT METOJUKUTE B CMECEHU MOJIENIN — KOMOMHAIMS OT aJUTUBHU U MYJITUIUIMKATUBHU.
3a tpure pasraenanu meroauku (FIDES, PRISM u 217Plus) ca HanpaBeHU CIEHUTE W3BOIM:
METOAMKATa C Hall-IeTalIHU OAPOOHOCTH MPU N3YUCICHUETO HA UHTEH3UBHOCTTA HAa OTKA3UTE
e meroauka FIDES; meronuku PRISM u 217Plus npenoctaBsaT Bb3MOXKHOCT 32 H3UHUCIISIBAHE HA
WHTEH3MBHOCTTa Ha OTKAa3WTE HAa MPOM3BOJIHM CHUCTEMH, JokaTo mnpu meroauka FIDES
MHTEH3MBHOCTTA HAa OTKA3UTE HA CUCTEMUTE € IepUHUpPaHa OT CaMHsI METO/ U IOCOUEHHUTE TaM
KOHKPETHHM CHUCTEMH; OT TPUTE PA3IJICAaHN METOAUKH CbC CMECEHH MOJEINH, KaTO TOCTBIIHA U
JIECHO MPHJIOKUMa MOsKe J1a Obae onpenenena meroauka FIDES.

Abstract: The paper presents the developments and trends in the modern methods for calculating
failure rates and their successful application into electronic products in a specific industrial
sector. After a thorough review and analysis of the available methods for calculating the failure
rate, a new classification has been done where a third branch has been added — methods in
combined models (a combination of additive and multiplicative). The following conclusions are
drawn in relation to the three methods been studied (FIDES, PRISM and 217Plus): FIDES is the
most detailed method when calculating failure rates; PRISM and 217Plus make possible the
calculation of failure rates of random systems whereas with FIDES the failure rates of systems
are defined by the very method and the specific systems given there. Comparing the three
methods with combined models, FIDES could be defined as the most easily applicable one.

Ilyonukayua I'8.12. Tlponanos, II. U., M. CumeoHnos. , Mamemamuuecku anapam 3a
nonyuaeane Ha MeXaHuYyHume XapaKkmepucmuku HA CMBNKOSU elleKmpoosueamenu ",
Mexaynapoana HayyHa koHpepenuus ,,UNITECH 2013, 22 — 23 Hoemspu, 2013, I"'abpoBo,
crp. [-248 — ctp. [-252, ISSN 1313-230X.

Peztome: B TO3u nOoKnan € TpEACTaBEH € MaTeMaTHYECKH amapar, Ha 0a3a Ha KOWTO €
pa3paboreH ¢ailsl ¢ MaKpocH, KOMTO JaBaT Bb3MOXKHOCT 3a U3CJIEBAHE U CUMYJIUpaHe paboTaTa
Ha KOHKPETEH CTBIIKOB ABHUraresn. To3u MaTeMaTHUYECKH anapar € NpUJIOKHUM Hail-Bede B /1Ba
aCIeKTa: MOJy4YyaBaHE HAa XapaKTEPUCTUKU HA CTHIIKOBHS JIBUrATEll IPU JIUIICA HA KaTaJlOKHU
JAaHHU OT CTpaHa Ha (upmara NPOU3BOAMUTEN; IOIY4YaBaHE HAa CEMEHCTBO MEXaHWYHU
XapaKTepUCTUKU IpU 3aJaBaHE Ha pPA3IMYHU HANPEXKEHHUS U TOKOBO OIPAaHUYEHHE Ha
U3II0JI3BaHus JpaiiBep C Lea moaOupaHe Ha ONTHMAIHO PabOTHO HAaNpeXeHUe M TOK 3a
CbOTBETHOTO IIO3ULMOHHO €JEKTpo3ajaBuxkBaHe. llpencraBeHuss Mozpen € CpaBHEH C
NPaKTUYECKUTE M3CIEABAHUSA HAa XapaKTEepUCTUKUTE Ha pAaneH jasuraten. [lomyueHara
u3uncienara rpemka e (3 + 5) % 3a pa3nuyHUTE U3MEPBaHUs, KATO MOXE Ja ce MpUeMe, ue
HalpaBeHUTE U3YKMCICHUSA B TEOPETUYHMS MOJEN ca ¢ JOCTaThb4yHA TOYHOCT 3a MH)KCHEpHaTa
IIPAKTHKA.




Abstract: Obtaining the mechanical characteristics of stepper motor is an important process in
the selection of a stepper motor for a particular technical solution. Need for their receipt is
related to the lack of sufficient cataloging data from the manufacturers, and the use of stepper
motors without having sufficient information about them. With the proposed mathematical
apparatus it is possible to research and simulate various loads, and study the various modes of
movement of stepper motors. Furthermore, it is possible to simulate the operation of the stepper
motor with a different driver circuits operating with different supply voltages and current mode
limitations. The presented model is compared with practical studies of the characteristics of the
given stepper motor. The obtained error is (3 — 5)% for the different measured parameters.

Ilyonuxkayua I'8.13. Ilpopanos, II. U., M. Cumeonos. , Cumyrupane, Koncmpyupame u
uscrneogane Ha eKCNepUMEHMAnNeH MOOel HA CepeoOKOHmMpoNep 3a YHpaeleHue Ha
HOCMOAHHOMOKO8U cepgodgucamenu ‘, MexnyHapoaHa HayuHa KoHgepenuus ,,UNITECH
2014, 21 — 22 Hoemspu, 2014, I'abposo, ctp. [-214 — ctp. [-219, ISSN 1313-230X.

Pe3ziome: B noxnana ce U3BbpIIBA CUMYJIUPAHE, PeATU3UpPaHe U NMPAKTHUECKO U3CIIEBAHE Ha
CEPBOKOHTpPOJIEp 3a YIPaBJICHHE HA IOCTOSHHOTOKOB cepBoaBuraten ¢ mudpos [TU]]
peryiaTop, ocpecTBOM MUKpPOKOHTposiep. M3cnenBanusTa ca 6a3supaHu Ha ChIIECTBYBaIa
aBTOpCKa pa3paboTKa, IPH KOSATO ca OTKPUTH pearlia HeaocTaTblu. [I[poMeHnTe B mporpaMHus
KO/l OCUTypHXa IO-J00pM (YHKUMOHAIHM BB3MOXKHOCTH WU OTHAaJHA M3HCKBAHETO 3a
JOIIBJIHUTENTHA HACTPOMKa MpPU BCAKO IIbPBOHAYAIHO ITyCKaHe. BKiI0uBaHETO Ha BCHUYKH
YeTHpH OaHKM MaMeT Ha MpoLecopa ¢ 1l 3allaMeTsBaHeTO Ha apaMeTpH 3a YSTUPH pa3IuuHU
JIBUTATEINl WM YETHPU PA3IMYHM BHJA HATOBAapBaHE Ha €IMH W ChII JBUTATEIN, Pa3IIUpH
(YHKIMOHATHOCTTa Ha MpPEUIaraHoTo pemieHue. [IpoMeHnTe B CXEMOTEXHMYHO OTHOLICHHE
ocurypuxa 1mo-100pu (pyHKIIMOHAIHN BB3MOXXHOCTH Ha CEpBOKOHTPOJIEpA Upe3: OTCTPaHIBaHE
Ha CMYILEHUATA, KOUTO C€ pPAa3NpOCTPaHABAT KbM MUKPOKOHTpOJIEpAa IMPEIU3BUKAHU OT
IpOIIECUTE Ha MyCKaHe U CIHpaHe Ha JBUTATENs, Ype3 M3MOI3BaHEe HAa TAIBAHUYHO pa3zieiisiHe
U eKpaHUpaHE Ha IUIaTKaTa. B pe3yntar oT HampaBeHHWTE HPOMEHU IPOEKTHPAH OIUTEH
o0pasel, KOITO Moka3Ba CTAOMIIHOCT HA TapaMeTPHUTE CH, Ipu paboTa B peanHa MamirHa ¢ L{ITY.

Abstract: The paper considers the simulation, development and study of a servo controller for
controlling a DC servomotor with a digital PID controller by means of a microcontroller. The
study is based on an author’s development where a number of disadvantages have been
identified. The changes in the software code have provided better functional possibilities and
the requirement for additional adjustment upon each initial start has been removed. The
involvement of all four memory banks of the processor so as to store the parameters of four
different motors or four different load types of the same motor has expanded the functionality
of the solution proposed. The changes in the circuitry have provided better functional
possibilities of the servo controller by means of: eliminating the interferences that have spread
to the micro controller, and that have been caused by the processes related to the starting and
stopping of the motor; using galvanic separation and circuit board shielding. As a result of the
above changes, a specimen which demonstrates stability of its parameters when operating in a
real CNC machine has been designed.

Ilyonuxkayusa I8.14. Ilpomanos, II. HN., JI. [aukoB, M. CumeoHOB. ,, AHaruz Ha
HaoexcOHocmma Ha UHOYKYuoHen komiow“, MexXIyHapoJaHa Hay4yHa KOH(EepeHIHs
»UNITECH 2014%, 21 — 22 Hoemspu, 2014, I'abposo, ctp. I-220 — ctp. 1-225, ISSN 1313-
230X.




Peztome: B noknana ce m3cieaBa HAIESKIHOCTTa Ha MHAYKIMOHEH KOTJIOH OT CPEleH Kiac
Alaska IC1800. IlpencraBen e MeToA 3a aHAIM3 HAa PaOOTHHUTE PEKUMHU HAa €IEMEHTUTE OT
CHJIOBATa CXeMa, KOUTO ca OOBBP3aHH C MOTYYaBAaHETO HAa TEXHUTE MOKA3aTeIH 110 HaJISKIHOCT.
W3cnenBanusitTa U pe3ynTaTuTe ca HANpaBeHH NpH 3aJaBaHe Ha JaOOPAaTOPHU YCIIOBHS Ha
eKCIII0ATaIus, Thii KaTo ca Half-OJIM3KH 10 yCIOBUATA HA eKcIutoaTanus B Oura. Cien aHamu3u
¥ U3YMCIICHUS Ca YCTAHOBEHH €JIEMEHTHTE OT CHJIOBATa CXeMa C Haii-BUCOKA MHTEH3UBHOCT Ha
OTKa3WTe, KaKTO W € HANpaBeH aHalu3 10 HAASKJHOCT Ha EJIEeMEHTHTE OT CHCTeMara 3a
ynpasienue. CbhIOCTaBeH € MapaMeTbpa MHTEH3MBHOCT Ha OTKAa3UTE€ Ha EIEMEHTUTE OT
CHJIOBaTa CXeMa C MHTCH3MBHOCTTAa Ha OTKA3WMTE HA CHCTEMATa 3a YHpAaBJIEHHE KaTO OTAENEH
6mok. Karo pe3ynTar ca ycTaHOBEHHU €JIEMEHTUTE U OJIOKOBETE C Hail-BUCOKAa MHTEH3UBHOCT Ha
oTkazuTe. HampaBeHn ca mpemopbku 3a B3eMaHETO HAa CXEMOTEXHHYHH W KOHCTPYKTHBHH
MEpKHU 32 HaMaJIIBaHETO Ha HHTEH3WBHOCTTA HA OTKA3UTE Ha €IEMEHTUTE C HUCKA HAJICKIHOCT.

Abstract: The paper studies the reliability of an induction hob of a middle class - Alaska IC1800.
A method for analyzing the operating modes of the power circuit components, which are linked
to obtaining their reliability indicators, is presented. The studies have been done upon setting
the laboratory conditions since they are closest to everyday operating conditions. After doing
the respective analyses and calculations, the power circuit components of highest failure rates
have been identified. A reliability analysis of the components of the control system has been
done. The failure rate of the power circuit components has been compared with the failure rate
of the control system as a separate unit. As a result, the components and units of highest failure
rate have been identified. Recommendations for taking measures with regard to circuitry and
design have been made so as to decrease the failure rate of the low-reliability components.

Ilyonuxkayua I8.15. Mpopanos, II. W., JI. [dankoB, M. CumeoHoB, “Awaruz Ha
HAOeHCOHOCMMA HA Opau8epHUu cxemu 3a OnpedeieH KIAC NO3UYUOHHU 3a08UNCBAHUSA,
Mexnaynapoana Hayuna koHgepenus ,,UNITECH 2015%, 20 — 21 Hoemspu 2015, T'abpoBo,
crp. [-313 — I-318, ISSN 1313-230X.

Pe3rome: B nokiiana € U3BBPILIECH aHAIU3 M0 HAJICKIHOCT HA CXEMH Ha JpalBEepHHU CXEMU 3a
CEpPBOJIBUTATENM M CTBHIKOBU JIBUTaTEIW, W3MOJ3BaHU IPU OINPEICNICH KJaC MO3ULUOHHU
3aJBM)KBAHUS, W3IIOI3BAMKKM KOJHMYECTBEHU IIOKA3aTeNH IO HAACKIHOCT Ha CJICMEHTHUTE.
HamnpaBenute u3cienBaHusi ce OTHACAT 3a JpaiiBep 3a MOCTOSIHHOTOKOB CEPBOJABHUTATENl U
JIpaiiBep 3a CTHIIKOB JIBUTATEN C UACHTUYHHU NTapaMeTPH 10 OTHOIIICHUE HA TOK, HAIPEKEHNE 1
BBPTSAL] MOMEHT. [IpecTaBeHo e pa3npeaesieHueTo Ha MHTEH3UBHOCTTA Ha OTKA3UTE 0 TPynu
€JIEMEHTH, TPYNHPAHHU TI0 CJICHUS HAYMH: PE3UCTOPH, KOHACH3ATOPH (TTOJISIPHUA U HETIOJISIPHH),
nuoau, Tpansucropu (ounonsspau 1 MOSFET), unTerpanau cxemu, KJIeMH, LOKJIA U BPB3KH.
OneHkaTa ce TpaBU 4pe3 BBHBEKIAHETO HA Taka HApPEUYCHHS CTPYKTYpeH KoeHIMeHT Ha
HAJEXKIHOCT, KOWUTO TMpeACTaBiIsiBa ChOTHOLUICHWETO HA WHTEH3MBHOCTTA Ha OTKAa3UTE Ha
rpyrara eTHOTUITHH €JIEMEHTH KbM 00I1aTa HHTCH3UBHOCT HA OTKA3UTE, U3PA3€HO B MPOIICHTH.
C HampaBeHHUTE H3CIICJIBAHUS, Ca YCTAHOBEHU EJIEMEHTUTE C HAW-BUCOK 5T B oOImara
WHTECH3MBHOCT Ha OTKa3WTEe Ha JBaTa OOCKTa: MOIIHUTE TPAH3UCTOPH M EJICKTPOJUTHUTE
KOH/JIEH3aTOPH.

Abstract: The paper presents a reliability analysis of driver circuits for servomotors and stepper
motors applied in a specific class of positioning drives by using reliability quantitative indicators
of the components. The studies done refer to a driver for a DC servomotor and a driver for a




stepper motor of identical parameters in relation to current, voltage and torque. The distribution
of failure rates by component groups is presented. They are grouped as follows: resistors,
capacitors (polar and non-polar), diodes, transistors (bipolar and MOFSET), integrated circuits,
terminals, sockets, and connections. The assessment is done by introducing the so-called
structural reliability coefficient, which represents the relationship between the failure rate of the
group of identical components and the total failure rate, expressed as a percentage. By means of
the studies done, the components of highest share in the total failure rate of the two objects -
power transistors and electrolytic capacitors, are identified.

Ilyonuxkayusa I'8.16. Jlanxos, /1., I1. Ilpogaunos, ,, M3creosane na opaueep 3a LED namna”,
Mexnaynapoana Hayuna kongepenus ,,UNITECH 2015%, 20 — 21 Hoemspu 2015, T'abpoBo,
ctp. [-333 — ctp. [-338, ISSN 1313-230X.

Pe3tome: B HacTosmMs JOKJIaJ € HANpPaBeH ONMUT 3a CUCTEMAaTU3UpPAHE Ha OTACIIHUTE
npaiiBepHu cxemu 3a cbBpeMeHHU LED ocBerutennu namnu. HampaBena e kiacugukanms Ha
paznmuunute npaiiBepHu cxemu 3a LED mamru. OOekT Ha u3cieaBaHe € IpaiBep THUII ApaniBep
BP2832A, 6azupan Ha unrerpupad momeH MOSFET tpansucrop, paboTtel B KIIFOYOB PEXKHM,
¥ BBHITHU €JIEMEHTH, CBBpP3aHM B cxema Ha mmmyliceH npaB DC-DC npeobpasysaren. Bn3
OCHOBa Ha HAIPAaBEHUTE €KCIIEPUMEHTAIIHU M3CIIEABAHMS € MPEIJIOKEH MOJEI 32 CUMYyJIalus
Ha equH TunmaeH LED npaiiBep B makera OrCAD P-Spice. 1o oTHOIIeHNE HA €IEKTPUIESCKUTE
napaMeTpH, CUMyJaIusi € ¢ HeoOXoauMara 3a MpaKTUKaTa TOYHOCT, KaTO TpeliKara He
Haasuiasa 10%. [lo oTHoIIEHHE Ha TeMIEpaTypHUs PEKUM € HeoOX0auMo Jia ce pa3paboTu
NOAXOA1] €JIEKTPUUECKH U TEMIIEPATypPEH MOJIEN Ha BUCOKOSIPKOCTHUTE CBETOAUO/IH, 32 J1a CE
OLICHST MPAaBUIIHO TeMIIepaTypHUTE 3aryOu W OT TaM HeoOXoJIuMaTa IUJIOL] Ha OXJIaXJallus
paauaTop Ha eTarn NPOEKTHpPaHE Ha CBETOAMOHA JaMIla ¢ ApaliBepHa cXeMa 3a yIIpaBJICHHUE.

Abstract: The present paper makes an attempt to systemize the single driver circuits for modern
LED lamps. Different driver circuits for LED lamps are classified. The object of study is a driver
of BP2832A type, which is based on an integrated power MOFSET transistor operating in
switching mode and external elements connected to a circuit of a pulse DC-DC converter. A
model for simulating a typical LED driver in OrCAD P-Spice software is proposed on the basis
of the experimental studies done. With regard to the electrical parameters, the simulation is
accurate as required in practice and the error does not exceed 10%. With respect to the
temperature mode, it is necessary to develop an appropriate electrical and temperature model of
the high-brightness LEDS so as to correctly estimate the temperature losses and the required
area of the cooling radiator at the design stage of a LED lamp with a driver control circuit.

Ilyonuxkayusa I'8.17. CumeonoB M., /1. lankos, I1. Ilponanos, ,, Texnonocuuno oyenssane na
unoykyuonern e6ooonacpesamen HARVER CN30L ¢ usuckeanusma 3a 6Oe30nacHocm, 3d
mapkuposka CE u mapkuposka 3a enepeonompebienue”, MexIyHapoIHa HaydHA
koH(pepenmms “UNITECH 167, 18 — 19 HoemBpu 2016r., I'abpoBo, ctp. I-189 — cTp. 1-193,
ISSN 1313-230X.

Pezrome: B AOKJIaga €€ IMpaBHU TCXHOJOIMYHA OICHKAa HAa HWHAYKHOHOHCH BOJOHAIPCBATCII
HARVER CN30L cwriacHo nu3uckBaHmsTa 32 0€301acHOCT, 3a MmapkupoBka CE u MapkupoBka
3a eHepromorpebieHue. BBB BoJOHarpeBareis ce HW3MOJI3BAa Ce HMHIYKIIMOHEH METOJ 3a
npelaBaHe Ha €HEeprus KbM HarpeBaTess W MO TO3W HAYMH Ca TAJIBAHUYHO ca pa3felieHu
KOHTEWHEpa 3a TOoIla BOJA C EINEeKTPUYECKOTO HaNpekeHHe Ha Mmpexkara. M3mossBa ce




JTUCTaHIIMOHHA TEXHOJIOTHUS 3a 3a/1aBaHe U U3MEpBaHe Ha TeMIlepaTypara Ha HarpsiBaHaTa BojJa
U 4Ype3 Hes ce KOHTpOoIMpa TeMIeparypara Ha Bojara. 3moi3BaHeTo Ha HMHBEPTOp 3a
npeoOpa3yBaHe Ha eJIeKTpUYecKaTa €Heprusi BbB BHCOKOYECTOTHAa, HE € e(EeKTHBHO INpu
3alI0KeHUs Ccroco0 Ha 3arpsBaHe Ha BoOJaTa C EIEKTPOCHIPOTUBUTENECH HarpeBaTenl. OT
HAIPaBEHUTE W3CIEABAHUS M M3MEPBAHMSI CBBbpP3aHU C KOHCYMallUs Ha €JIEKTPOEHEprusi Ha
BosnoHarpesates Tull HARVER CN30L, ce ycraHoBu cie1HOTO: 3a TO3U BOJOHArpEBATEIl HE €
BB3MOJKHO JIa C€ M3MCKBA MO-BUCOKa Kitacudukamus ot ki1ac A+ mo Jupextua 2010/30/EC [1]
Ha eBpOIeiicKkaTa KOMUCHUSI OTHOCHO €TUKHPAHETO U MAPKUPAHETO HA €HEPromoTpediIcHne Ha
OMTOBUTE ypeau B CpaBHEHHE C KJIACHYECKUTE OOeMHH Ooiyepu. B choTBeTCTBHE C TO3M
crangapt, 3a BojaoHarpeBaresis HARVER CN30OL e mnocouen xmnac II. Ouenkara 3a
€JIEKTPOMarHuTHa ChbBMECTHMOCT € Bb3 OCHOBAa HAa 3aCHETUTE OCIHJIOTpPAaMU Ha BXOJHOTO
HANIPEeXKEHUE U TOK, KaTO € YCTAHOBEHO HAIIMYUETO HAa 3HAYUTENIHA M0 TEXECT XapMOHHUYHA
ChCTaBKa C 4€CTOTA, ChBIaaIla ¢ paboTHaTa Ha WHBepTOpa oT mpuom3uTenHo 21 kHz, koero
M3HUCKBA QIITHDP HA BXOJa HA 3aXPAHBAHETO.

Abstract: The paper views technological assessment of a HARVER CN30L induction water
heater in compliance with the requirements for safety, CE marking and energy labelling. Within
the water heater an induction method for transmitting the energy to the heater is used thus
separating the hot water container and the mains power. A distance technology for setting and
measuring the temperature of the water being heated is used thus regulating water temperature.
The use of the inverter for converting the electrical power into high-frequency one is not
efficient when using the introduced technique for water heating by means of an electrical
resistance heater. The following conclusions could be drawn as a result of the studies and
measurements done in relation to the electric energy consumption of a water heater of HARVER
CN3O0L type: Power input from the mains is converted into high-frequency and transferred by
inductive principle to the electric resistance heater with a resistance 16 Q; Safety Class II water
heater is guaranteed for a certain period of operation; The presence of considerable burden
harmonic component with a frequency coinciding with the inverter of approximately 21 kHz,
and twice the signal current required frequency input filter power. For induction water tank is
not possible to require a higher classification (eg class A +) under Directive 2010/30 / EC of the
European Commission on the labeling and marking of energy consumption of household
appliances.

Ilyonuxkayusa I'8.18. Mponanos Il., /. lankoB, M. CuMeoHOB, ,, M3credsarne u pearusupare
Ha uHeepmop 3a UHOYKyuoHen nupozpagh *‘, Mexxaynapoana nayyna konpepernmus “UNITECH
16>, 18 — 19 HoemBpu 2016r., I'abposo, ctp. [-251 — cTp. [-254, ISSN 1313-230X.

Pe3rome: Pa3paboTBaHETO M Pa3BUTHUETO HAa EJIEKTPOHHUTE KOMIIOHEHTH MO3BOJIABA Ja ce
HAMAJIAT: 3aryONTe HAa MOIIHOCT B €IIEMEHTHTE, Pa3MEPHUTE HA €IEKTPOHHOTO 00OpyIBaHE U
pa3MepHuTe Ha OXJIaXAAlUTe MOAYJIH. Te3n ycaoBHs BOASAT JO HaMallgBaHEe Ha pa3MEpUTE Ha
MPOJIYKTa KaTo LsJI0, KAaTO MO TO3W HAa4YMH C€ J1aBa Bb3MOXKHOCT 32 HETOBOTO MHCTaJUpaHe B
pa3IMYHU HWHIYCTPUAIHUM MAIIMHHU. Te3M MPEeANOoCTaBKU ca BaIMIHU W 3a 3aXpaHBaIIUTe
W3TOYHUIM 32 HHIYKIMOHHU TEXHOJOTMH, KOUTO MOraT Ja C€ H3IO0JI3BAaT B pa3InyHU
uHAycTpuanHu MamuHu. HeobGxoaumara eheKTMBHOCT Ha 3aXpaHBaHUATA 32 WHIAYKIIMOHHU
OTOIUTMTEITHN TEXHOJOTUHU, KAaKTO W CIeUU(DUYHOTO TPUIIOKEHHUE, OMpENeNsaT BHIA Ha
U3IOJI3BaHaTa cXeMa, KOSTO 1€ Ce M3M0JI3Ba B MpeoOpa3yBarens 3a MHAYKIIMOHHO HarpsBaHe.




Abstract: The development of electronic components allows to reduce: the power losses in the
elements, dimensions of electronic equipment and of dimensions of cooling modules. These
conditions allows to reduce the dimensions of the product as a whole, hence allowing for
installation in a variety of industrial machines. These prerequisites are also valid for the power
supplies for induction heating technologies, which can be used in a variety of industrial
machines. The required efficiency of power supplies for induction heating technologies, as well
as specific application, determine the type of power scheme that will be used to implement a
power source for induction heating.

Ilyonuxkayusa I'8.19. ]1. lankos, Ilpoxanos I1., M.CumeoHos, ,, Mooerupane nHa cucmema 3a
Kanayumueno npeoasare Ha euepeus‘, MexayHaponHa HayuyHa koHdepenuus “UNITECH
16”, 18 — 19 Hoemspu 2016r., I'abposo, ctp. [-244 — ctp. [-250, ISSN 1313-230X.

Pe3ztome: B Hactosiius noknan e HarpaBeHo PSPICE monenupane Ha cuctema 3a KarnaiuTHBHO
npelaBaHe Ha CHEeprus, 4Ype3 MpenioKeH EKBUBAJICHTEH MOJEN Ha TpaHcdepupamuTe
KamaruTeTH. HanpaBeHu ca CUMYJTAIIMOHHUTE M3CJICABaHUS, KOUTO UMAT 3a I Ja MOKaXaT
paboTocrmocoOHOCTTa Ha cXeMaTa, mpeau Ta aa Obae peanusupaHa. CUMylaluuTe MOKa3Bat
CTOMHOCTHTE Ha HSAKOW TMapaMeTpH, KOUTO HE MoraT Ja ObJaT HEMmOCPEICTBEHO M3MEPEHHU —
HampuMep 3aryoute BbpPXY AKTHBHHUTE €JIEMEHTH WIM JAWHAMHKATa Ha ITyCKOBHS IIPOLEC.
M3non3Banusa npoaykt 3a cumynamus € PSPICE or makera OrCAD16. CumynaimoHHuTe
U3CTIEIBaHMs ca BepUPUIIMPAHA C TMPAKTHYECKH SKCIEPUMEHTH Ha pealn3upaHara CHCTeMa.
Pesynrature chBmamaT ¢ JocTaThbuHa 3a MH)KCHEPHATA MPaKTHKa TOYHOCT. [IpemmokeHus
MOJCI U MECTOANKA 3a U3YUCJIICHUEC HAa CKBUBAJICHTHUTC napaMeTpH, MOXE 1a CC U3I10JI13Ba 1 HpI/I
JIPYTH TTOJT00OHU CUCTEMH M TIPHIIOKCHUS Ha KallallUTUBHUS TpaHCEp HA CHEPTHsl.

Abstract: The present paper considers PSPICE modelling of a capacitive energy transmission
system by means of a proposed equivalent model of the transfer capacities. Simulation studies
have been done so as to demonstrate the operability of the circuit before its implementation. The
simulations show the values of some parameters that can’t be directly measured, e.g. the losses
on the active components or the dynamics of the starting process. The simulation is done by
using the PSPICE app of the OrCAD16 software package. The simulation studies are verified
by means of practical experiments of the implemented system. The results coincide with
accuracy that is enough for the engineering practice. The proposed model and the method for
calculating the equivalent parameters could be used in other similar systems and applications of
the capacitive energy transfer.

Ilyonuxkayusa I'8.20. laaxos /1., I1. IlpoganoB, M. Bwiues. ,, Vnpasnenue na eonoxnouvoe ZVS
keazupezonancer uneepmop ¢ ARDUINO “, MextynapoaHa HaydHa koHpepennus ,,UNITECH
2017, 17 - 18 HoemBpu 2017r., 'abposo, ctp. [-309 - ctp. [-314, ISSN 1313-230X.

Pe3tome: KBa3u-pe3oHaHCHUTE €THOKITIOYOBU MHBEPTOPH € (ZVS) HaBiIs30Xa B €KCIUIOATAIUS
npe3 2000-re romuHM B ypenOWTEe 3a WHAYKIMOHHM TEXHOJOTHMH, KaTro HampuMmep
WHAYKIMOHHUTE KOTJIOHH. [loBe4eTo OT M3IMOJI3BAaHUTE XapllyepHU pElIeHHEe HEe Mpenajarar
HUKAKBa MOAPHKKA IO OTHOIIIEHNE HA HOBUTE U3UCKBAHUS 32 KOHTPOJI U yIPaBIEHUE, KATO €
HeoOXxoauMo Te Jna Obmar akTyanu3upaHu. EdekTuBeH HayWH 3a TsAXHATa 3aMsHa €
U3IMOJI3BAHETO HAa OTBOPEHHM XapJyepHU IUIATKH 32 MHKPOKOHTposiep kato Arduino. Te3u
maTku ca 6azupanu Ha 8-6utoBu RISC MUKpOKOHTpOIEpH U TIpeajiarat cpena 3a pa3padoTka
Ha codTyep ¢ rosisiM Opoii bubnaroTeku. B To3u ce npeacTaBs U3MON3BaHETO HA TuIaTku Arduino




3a 3aMsHa Ha CHCTEMa 3a YIpPaBJICHHE M TIOTPEOMTEICKHS WHTEepQeic, KaKTO W HETOBOTO
U3MOJI3BAaHE 3a YINPaBICHHE Ha KBAa3U-PE30HAHCEH WHBEPTOp C HyJeBa KOMYyTalus Ha
HaIPEKECHUETO HA KITFOYOBHS TpaH3ucTop (ZVS).

Abstract: The ZVS Quasi-Resonance Single-Ended Inverters went into operation in 2000s for
induction heating installations such as induction cookers. Most of the old hardware do not offer
any support of the new control requirements and have to be replaced. A simple and efficient
way is to replace them with open hardware microcontroller boards like the Arduino. These
boards are based on 8-bit RISC microcontrollers and offer a software development environment
with a large number of libraries. In this paper the use of Arduino boards for replacing the control
unit, the consumer interface and its use controlling a zero voltage switching (ZVS) transistor
capability is shown.

Ilyonukayua I8.21. Jlanko JI., II. IlpomanoB, “PSPICE moldenupane Ha umnyichu
3axpaneanus ¢ unmeepaina cxema VIPERI00A”, MexnyHapoaHa Hay4yHa KOHQEpEHIHs
»UNITECH 2018%, 16 - 17 HoemBpu 2018r., I'abposo, ctp. I-233 — c1p. 1-238, ISSN 1313-
230X.

Pestome: B cratuara e paspaboren cumyinanuoHeH PSPICE monen na MC Viperl00A.
[lpenyara ce KOMMIIOTBPHA CHUMYyJalUs Ha TNPEAJOKEHHMs MOJIeN, CBhOTBETCTBAl Ha
¢ynkunonanHoto onucanue Ha Viperl00A. IlpeacraBeHH ca MPaKTUYECKH OCLMIOTPaMH,
npeacraBsy padorara u xapakrepuctukute Ha IC Viperl1 00A. [peanokeHu ca pe:KMMHUTE Ha
pabota, mozensT PSPICE Ha Viper100 u cTpnkute 3a n3Bnuyane Ha napamerpure. [Ipoextupan
€ MPOTOTUIICH 00pa3ell Ha UMITYJICEH 3axpaHBall 010k ¢ MoutHOCT 41 W, 3a KOWTO ca HampaBeHU
IIPAKTUYECKH TECTOBE M €KCIIEPUMEHTAIHA POBEPKA HA MPEAJIOKEHNS CUMYJIALIMOHEH MOJEIL.
OT ekcriepuMEHTATHUTE PE3YJITaTH € MOIy4aBaT 3aJ0BOJUTENHH PE3YITATH.

Abstract: A behavioral PSPICE model of Viperl00A is developed in the paper. Computer
realization of the parameterized model corresponding to the functional description of the
Viper100A is proposed. The parameterized PSPICE macro model is created in the form of block
in schematic view. The waveforms representing the characteristics of Viper100A are given. The
operation modes, PSPICE model of Viper100 and steps for the parameters extraction are
proposed. A prototype circuit designed for a 41 W switch mode power supply (SMPS) was built
and tested to verify the model. Satisfactory performances are obtained from the experimental
results.

Ilyonukayusa I'8.22. Prodanov P., D. Dankov, “Reliability assessment of power thyristors used
in power supplies for induction heating technologies”, Journal of the Technical University of
Gabrovo, vol. 59, 2019, Gabrovo, pp. 101-104, ISSN 1310-6686

Pe3tome: OnpenensHeTo Ha HAISKIHOCTTA HA 3aXpaHBANIUTEC M3TOYHHIM 32 WHIYKIIMOHHH
TCXHOJIOIMM € CJOXHa 3ajJayda, Hpe,Z[BI/I,Z[ pa3H006pa3HeT0 OT CXC€MH, TCXHOJIIOTHUYHH
MIPHJIOKEHUS M yCIIOBUS Ha pabota. JIOCTOBEpHHW pe3yJsiTaTH 3a HAJCKIHOCTTA HA TO3M BH/I
YCTPOMCTBA Cce TOJlydaBaT uYpe3 M3MOJ3BaHE HA OINEpaTHBHATA HANEKIHOCT. 32 HEWHOTO
ompenensHe € HeoOX0IUMO J1a ce Ch3aae 0a3a TaHHM 3a eJIEKTpUUecka U TepMUYHA padboTa B
cneun(UYHM yCIOBHUSA HA OKOJIHATa cpena. Half-BaXHUAT mapaMeTbp € TeMmiepaTypara B
OXJIaKJallaTa CHCTeMa Ha CHJIOBUTE IIOJYIPOBOJHHMIM. B Tasuw cratms ce pasriexia
HaOCKIHOCTTA HA CUJIOBUTC HOHprOBOI[HI/ILII/I B 3aBUCUMOCT OT TOIIJIMHHOTO C’prOTI/IBJIeHI/Ie




Ha pajuaropa W TemIiepaTypara Ha oxyaxpaamus ¢Giayun] npe3 Hero. Pesynararure moka3sar
BEPOSITHOCTTA 32 OTKAa3 Ha CUJIOBUTE MOJYIPOBOJHUIM B 3aBUCUMOCT OT BOJHUS MOTOK Mpe3
paauaTopa OT aTyMUHUN WM ME.

Abstract: Determining the reliability of power sources for induction technology is a complex
task given the diversity of schemes solutions, technology applications and operating conditions.
Trustworthy results for the dependability of power supplies for induction technologies are
obtained by the using of operational reliability. For its determination has needed to create a
database for electrical and thermal operating by specific environment conditions. Most
important parameter is a temperature in cooling system of the power semiconductors. In this
paper is considered reliability of power semiconductors in dependency of thermal resistance of
heat sink and water flow through it. The results indicate the probability of failure of the power
semiconductors in dependency of water flow through the aluminum or copper heat sink.

Ilyonukayua I8.23. II. IlpomanoB, ‘“Jlocuxo-eeposmuocmen nooxo0 Npu aHaIu3 Ha
nHaodexconocmma Ha MOSFET mpanzucmopu”, MexnyHapoaHa HaydyHa KOH(EpEHITUS
»UNITECH 2020, 20 - 21 HoemBpu 2020r., ['abpoBo, ctp. [-xxx - ctp. [-xxx, ISSN 1313-
230X.(mox meyar)

Pe3zrwome: 3a onpenensne Ha HaaexaHocTTa Ha MomHuTe MOSFET Tpan3ucropu morar ga ce
W3MOJ3BaT Pa3IMUYHU METOJIMKH, KaTO T€ M3IMOJI3BAT MOCTOSIHHA CTOMHOCT 32 MHTEH3UBHOCTTA
Ha OTKa3M U BEPOATHOCTTA 3a Oe30TKa3Ha padoTa. HepocTaTbKbT HA TO3H MOAXOJ €, YE YaCT OT
€JIEMEHTUTE CE M3MOJ3BaT B PA3IMYHU PEXKUMH Ha paboTa W yCIOBUS HA OKOJHATa Cpela.
Koraro enemeHTHTE ce M3MON3BAT B MIMPOK JUAMNa30H OT PEXHMH Ha paboTa W YCJIOBHS Ha
OKOJIHATa cpefia, MOKa3aTeIUTE M0 HAISKIHOCT ChIIO0 C€ MPOMEHAT B IIMPOKH rpaHuiu. B ta3u
CTaTUsl € TNPEICTAaBEH JIOTMKO-BEPOSITHOCTEH MOJAXOJ MNPHU aHAIM3 Ha HAAECKIHOCTTA Ha
MOSFET tpan3ucropute. B pesynrar ce onpenensaT Hali-BaXXHUTE apaMeTpH, KOUTO BIUSAT
Bbpxy HagexaHocTtTa HAa MOSFET tpan3ucropure.

Abstract: To determining the reliability of power MOSFET transistors could be used different
methodologies and they provide a constant value for failure rates and probability for failure-free
operation function. The disadvantage of this approach is that a part of elements are used in
various operating modes and environmental conditions. When elements are used in wide range
of operating modes and environmental conditions, the reliability parameters have also wide
range of changes. In this paper has been presented a logical-probability approach in analysis of
the reliability of MOSFET transistors. As a results are defined the most important parameters,
that impact into reliability of the MOSFET transistors.

N3nanenn yueOHMIU ¥ y4eOHH 1OCoOust

H3zoanue YII1.1. CumeonoB M. B., II. U. Ilponanos, ,, Koncmpyupane u mexnonocusi Ha
enekmponna anapamypa’”’, PbKOBOACTBO 3a naboparopHu ynpaxsaenus, M3narencrso ,,Exc-
[Tpec*, I'abposo, 2010r., ISBN 978-954-490-170-7, 100 ctp.

Pe3lome: PvkoBonCTBOTO 3a naboparopHH ynpakHeHHs “KOHCTpyHpaHe M TEXHOJOTHS Ha
€JICKTPOHHA arapaTypa’ € 4eTBBPTO, AOIBIHEHO | NpepadboreHo u3ganue. [IpegHaznaueHo e
3a ctyneHtd ot TY- ['abpoBo, oOydaBamu ce B 00pa3oBaTEIHO-KBATH(UKAIIMOHHATA CTETICH




"bakanaBbp” oT cnenuanHocty "Enektponuka" u “KomyHuKanmoHHa TEXHUKA U TEXHOJIOTHH"
no aucuuiHuTe “KoHcTpynpaHne 1 TEXHOJIOTHS Ha €JIEKTpOHHA anapaTtypa’ U "KoHcTpynpane
Ha KOMYHHMKalMoHHa amapatypa". B PbvkoBomctBoTo ca BrmoueHn 11 maGopartopHu
yIpakHEHUs], IB€ ca HOBU B 00J1aCTTa HA TEMIIEPATYPHUTE PEXUMH M U3UHCIICHUS, YETUPU Ca
npepaboOTeHW W JIB€ ca C BKIIOYEHA HOBa eleMeHTHa Oa3a. BxitoueHute mabopaTopHHU
YOpaXHEHUS, Pa3MIMPSABAT TEOPETUYHATA IMOATOTOBKA W JlaBaT MPAKTUYECKH METOIU 3a
eKCIiepUMeHTanHo u3cienBaHe. OOxBamaT rojsiMa 4acT Kypca JIEKIIMM U 10 KOHKPETHO ca
CBBpP3aHM ChC ClIeHATa TeMaThKa: l3cienBaHne MarHUTHUTE U YECTOTHU CBOWCTBA HA IPOCETH
U M3yyaBaHUTEe TpaHchopmaTropu; YCTaHOBSIBAaHE U H3MEpBaHE MMapaMETpU Ha MaCHUBHU
elneMeHTH; TOINIMHEH peXuM M CMYIIEHHS B €JIEKTpOHHA amapartypa; M3cienBane 1o
HAJSKIHOCT Ha 3axpaHBall W3TOYHUK. CTYJIEHTHTE ce 3alo3HaBaT C MPOTPaMEH MPOIYKT
“Magnetics Designer 4.17, ¢ KOHTO KOHCTPYKTHBHO Opa3MepsBaT H H3YUCIABAT
TpanchopMaToOpHu U APOCETH M C METOJMKA 3a n3paboTBane Ha matka ¢ “PROTEL”.

Abstract: The Guide on “Design and Development of electronic equipment” for laboratory
exercises is intended for students following a bachelor degree course in “Electronics” and
“Industrial and Automotive Electronics”. It could be also used by students following a bachelor
degree course in “Communications Equipment and Technologies” and studying the subject of
“Design of communication equipment”. The Guide on “Design and technologies of electronic
equipment” for laboratory exercises includes a study of: passive electronic elements (resistors,
capacitors and inductive devises), high frequency impulse transformers, design of thermal modes
of electronic elements and equipment, noise rejection of electronic circuits and reliability of
electronic equipment. The students used a “Magnetics Designer 4.1” and “PROTEL” software
for design of HF transformers for SMPS and design of a PCB’s.

H3zoanue YII1.2. Tlponanos II. W., JI. Mauxos, ,, Tokozaxpaumsawu ycmpoicmea’”,
PBKOBOICTBO 32 TabOpaTOpHU yNpaKHEHHUS, Y HUBEPCUTETCKO U3/IaTEJICTBO ,,Bacun Anpuios”,
I'a6poso 2016r. ISBN 978-954-683-547-5, 96 ctp.

Pe3ztome: PpKoOBOACTBOTO 32 J1a0OpaTOPHU yHPAKHEHHUS 110 ,, T OKO3aXpaHBaIlld yCTPOHCTBA™ €
NpeHa3HauYeHO 3a CTYJEHTH, oOydaBalid ce B 00pa3oBaTEIHO-KBAIM(UKALMOHHA CTETEH
,bakamaBpp“ 1o cnenuanHocT L lIpomunuiena u  ABToMoOwiHa Enextponmka“ 1o
eJHOMMEHHATa IUCIUIUTMHA. B pBKOBOACTBOTO ca BkiItoueHU 10 1abopaTOpHU YIIpakKHEHH,
oOxBamlamy 1enusi JIEKIMOHEH MaTepuan. BxioyeHutre nabopaTopHH —YIpaskKHEHUS,
pasmmpsiBaT TEOPETUIHATA TIOJTOTOBKA M JaBAT MPAKTUYESCKU MPUMEPH 32 U3IOI3BaHE U 300D
Ha JIaJleHO0 TOKO3axXpaHBaIlo ycTpoicTBo. JlaboparopHuTte ympaxkHeHHs o0XBamaTr Kypca
JEKIMM TO0 JUCHUIUIMHATA W 10 KOHKPETHO Ca CBBP3aHH ChC CJEIHATAa TeMaTHKa:
[TapameTpuuHy cTaOMIN3aTOPU — U3CIEABaHE HAa CXEMHU Ha MapaMEeTPUUYHU CTaOMIM3ATOPH C
1eHepoBu auoau; KoMneHcannoHHu cTabuan3aTopu Ha TOK M HANPEXKEHUE — M3CJIeBaHe Ha
KOMIIEHCAIIMOHEH CTabUIN3aTop HAa TOK M KOMIIEHCAIIMOHEH CTa0MIIM3aTOp Ha HANpPEKEHUE C
HENPEeKbCHATO JelcTBUEe; MUKPOENEKTPOHHU CTAaOMIU3aTOpU — HM3CJICBAHE HA TPUU3BOTHU
crabmnm3aTopu u crabunmu3arop Ha 6aza UC LM723; UmmyncHu cTabUIn3aTopu — U3CIICIBaHE
Ha Oe3TpaHcOpMATOpPHM TIOBWINABAIIM, TOHIKABAIIM W WHBEPTHPAIM UMITYJICHU
CTAOMIM3aTOPU HAa HANIPEKECHHUE M TPaHCPOPMATOPEH UMITYJICEH MOHMIKABAIIl CTA0MUIN3aTop Ha
HaTpeKeHUeE.




Abstract: The Guide on “Power supply devices” for laboratory exercises is intended for students
following a bachelor degree course in “Electronics” and “Industrial and Automotive
Electronics”. It could be also used by students following a bachelor degree course in
“Communications Equipment and Technologies” and studying the subject of “Design of
communication equipment”. The Guide on “Power supply devices” for laboratory exercises
includes a study of: zener diode voltage regulator, linear regulated power supplies (voltage
regulators and current regulators), microelectronics regulators (with IC’s LM 723 and LM78XX),
switch mode power supplies (forward converter, flyback converter, buck, boost and buck-boost
converters).

H3zoanue YII1.3. llponanos I1. U., ,, Haoesxconocm na enekmponnu cucmemu *“, 3gatencrso
»Ekc-TIpec”, T'abposo 2020r, ISBN 978-954-490-685-6, ctp. 240

Pe3rome: Hacrosmoro u3naHue mpeAcTaBiisiBa y4eOHMK MO HAAESKIHOCT Ha €JIEKTPOHHU
CHCTEMH U € MpeIHa3HauEeH 3a CTYACHTHUTE OT IpodecroHamHo HanpaBieHue “EnekrporexHuka,
Enextponnka m ABTomarmka™“ Ha TexHuueckum YHUBepcUTET - ['abpoBO, KOMTO H3ydaBaT
mucuumuinaute L, KoHcTpyupane Ha  enekTpoHHa amapartypa', ,,KoHcTpyupane Ha
koMmyHHUKalmoHnHa anapatypa" B OKC ,,bakanaBwp® u ,,Hanexx1HOCT Ha €IEKTPOHHU CUCTEMH"
B OKC ,Maructep®. YueOHUKBT € NMpegHa3HaueH ChIO TaKa 3a 00yueHHEe Ha JOKTOPAHTH IO
nucuuIuiHa ,,KoHcTpyrpaHe W HazneXIHOCT Ha mpeoOpasyBarenHu cucreMu. OCBeH TOBa,
TO3M YUYEOHUK MOXe Ja ObJ/Ie MOJE3CH 32 HHKEHEPH, TPO(PECHOHAIHO U HAYYHO aHTAXUPAHH C
HAJIeKTHOCT Ha EJIEKTPOHHU €JIEMEHTH M CUCTEMH B 00J1acTTa Ha CUCTEMUTE 3a peoOpa3yBaHe
U ChbXpaHEHHUE Ha eHeprus. [JaBHa 1en Ha y4eOHUKa € METOJI0JIOTUYHOTO pa3padoTBaHe Ha
OCHOBHH BBIIPOCH Ha HAJIEXKTHOCTTA B IIPOLIECUTE Ha EKCIIJIOATALMs HA Pa3IMYHUTE €JIEKTPOHHU
CUCTEMH U U3IMOJI3BAHUTE B TAX MOLIHU MOJIYIPOBOAHUKOBH €JIEMEHTH.

Abstract: The present work is a textbook on “Reliability of Electronic Systems” intended for
students in Engineering, Electronics and Automation at the Technical University of Gabrovo,
studying subjects such as Design of Electronic Equipment and Design of Communication
Equipment included in the bachelor degree course and Reliability of Electronic Systems included
in the master degree course. The textbook is also designed for PhD students studying the subject
of Design and Reliability of Converter Systems. In addition, it could be useful for engineers
professionally and scientifically engaged in the area of reliability of electronic components and
systems in the field of energy conversion and storage systems. The main purpose of the textbook
is to methodologically develop basic topics related to the reliability in the operation of various
electronic systems and power semiconductor components used in them.

H30anue YII1.4. llponanos I1. U., , Enekmposzaosusceéane”, PBKOBOACTBO 3a J1aOOpaTOpHU
yIpaXHEHUs, Y HUBEPCUTETCKO M3/1aTeNCTBO ,,Bacun Anpuios”, ['abposo 2020r. ISBN: 978-
954-683-626-7, 97 ctp.

Pe3tome: PbKOBOACTBOTO 3a mabopaTOpHU YHpaXHEHUS 10 ,,EjleKkTpo3anBrkBaHe €
NpeHa3HauYeHO 3a CTYJEHTH, oOydaBalid ce B 00pa3oBaTEIHO-KBAIM(UKALMOHHA CTETEH
,,baKaJlaBbp‘‘ MO CHEHHATHOCTH ,,MexaTpoHuka™“ u ,, TeXHuKa U TEXHOJIOTMU 3a ONa3BaHE Ha
OKOJTHATa cpela’™ mo eIHOoMMeHHaTa AauciuiuinHa. OCBEH TOBa, PHKOBOJICTBOTO MOXE Jia Ce
W3MOJ3Ba OT CTYACHTH, oOydJaBamm ce€ B 00pa3oBaTelHO-KBATM(PUKAIMOHHA CTETICH
,»,baKalaBbsp“ Mo crenuanHocT ,, I [poMunieHa 1 aBTOMOOUITHA €IEKTPOHUKA™ 10 TUCITUTUIMHATA
,,EJIGKTPOHHM PETYyJaTOPH U CUCTEMH 3a YIpaBJIeHHE", KAKTO M OT CTY/AEHTH, 00yYaBalllu ce B




o0OpasoBarenHO-KBaIM(PUKAIIMOHHA CTETeH ,,MarucThp* Mo CIenuaiHocT ,,EnekrpoHuka’ mo
JTUCUUIUIMHA ,, J[pOMUIITIEHH €NeKTPOHHU ycTpoiicTBa u cuctemu — Il gact®. JlabopaTopHute
YOPaXKHEHHUS] Ca CBBpP3aHM CbhC ClelHara TeMaTthka: Pa3oBH M YECTOTHU PEryJIaToOpH 3a
yIOpaBJIE€HUE HAa I[POMEHJIMBOTOKOBU  ABUrarend; [lo3MIMOHHM  3aJBM)KBAHMUSI  ChC
IIPOMEHJINBOTOKOB CEPBOABUTATENl — Pa3riIexk/1a C€ CUCTEMa CEPBOMHBEPTOP-CEPBOJBUrATEN,
yIpaBisBaHa OT T. Hap. ,,motion” KOHTpoJIep U YoBeKo-MamuHeH uurepderic HMI; Ynpasienue
Ha MO3UIIMOHHA MallliHa — 3 | MpUHTEp — KaTo Ce pa3riexaaT aCEeKTUTE, CBbP3aHH C HACTPOUKA
Ha PabOTHUTE PEXMMU Ha TMO3UIHMOHHHUTE 33a/IBWKBaHMS, HACTPOHKa M KOH(HUTypupaHe Ha
codryepa 3a ynpasieHue 1 padboTa ¢ pa3iIMuHu MaTepuaiu 3a 31 nmeyar.

Abstract: The Guide on “Electric Drive” for laboratory exercises is intended for students
following a bachelor degree course in “Mechatronics” and “Equipment and Technologies for
Environmental Preservation”. It could be also used by students following a bachelor degree
course in “Industrial and Automotive Electronics” and studying the subject of “Electronic
Regulators and Control Systems”, as well as by students following a master degree course in
“Electronics” and studying the subject of “Industrial Electronic Devices and Systems — Part 11",
The main purpose of this laboratory exercises guide is to methodologically develop basic topics
related to the electric drives with servo and stepper motors and its applications. The Guide on
“Electric Drive” for laboratory exercises consider a frequency-controlled induction motors,
drivers for stepper motors control, servo controllers for DC and AC servomotors, hybrid drives
systems with stepper motors and servo controllers and 3D printing machine.




