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NCCIEJOBAHUE HECTAIIMOHAPHBIX PEKUMOB
METOINYECKOI'O NMHAYKIOUOHHOI'O HAI'PEBATEJIA
B JIMHUAX AE®POPMAILINU

AN. Janunymkul, B.A. lannaymkun, /I.B. Koanakos

B cmamve paccmampusaemcs npobiema  ynpasieHus 08YXCeKYUOHHbIM
MemoOUYecKUM Hazpedamenem 8 Percumax nycka ¢ paiudHviM memnepamypHuim
pacnpeoeneHuem — 3a2py3ku  no  Oaunme  Hacpesamens.  OcobeHHOCmbIO
@yHKYyuoHuposanus  Hazpesamens  AGIAEMCA  CYWECMBEHHOe  U3MEHeHUe
Qusuueckux ceolUcCma Hazpesaemoco Memaiid, 00ycilo8IeHHoe UX 3a8UCUMOCTNBIO
om memnepamypol. [ns  paspabomku U AHAIU3A  ANCOPUMMOS UMEHEHUs.
MOWHOCMU 8 npoyecce 6blX00d HA YCMAHOBUBUIULICS DPENHCUM UCNOIb3YEenCsl
Mamemamuyeckas —Mooelb 00beKmd, KOmopas yyumvléaem HeIUuHeuHyo
3asucumocms Quzudeckux ceoticmg memania om memnepamypel. C yyemom
NpUBeOeHHbIX 6 pabome YMOUHEHUL BbINOIHEH pacdem IAeKMPOMASHUMHbIX
UCTNOYHUKO8 MeNnia U MeMnepamypHo20 pacnpeoeieHus 6 3acpys3Ke 6 npoyecce
8bIX00A HA YCMAHOBUBWULLCS pedcum pabombl. Tlokazano, umo 8 npoyecce nycka
Hacpesamenss — NPOUCXOOUM  3HAUUMENTbHOE  UBMEHeHUe  MeMNepamypHo2O
pacnpeodenenuss  no  Oaune  3aepy3ku.  OmKIOHeHUe — MmemMnepamypHo2o
pacnpeoeneHuss  0m  CMAYUOHAPHO20 — PeXNCUMA  NpUBOOUm K  NOSGIEHUIO
HEKOHOUYUOHHBIX 3d20MOB0K Ha 6vixoode. Ilonyuenvl aneopummuvl uMeHeHUs
MowHOCmU, obecneuugarouue ObICMPLBIL BbIXO0 HA YCMAHOBUBUUULICA DPENCUM C
3A0aHHbLIM  MEMNEPAMYPHLIM  pACnpeoeieHueM Npu MUHUMATbHBIX HOMepPsX
9Hepeuu Ha Hazpe8 HEKOHOUYUOHHBIX 3a20moeok. Pacuem napamempog
VNPAGNeHUus. BbINOIHEeH C Y4emoM NPeOelbHbIX B03MONCHOCMEU aB8MOHOMHbIX
UCMOYHUKO8 numanus. Paccmompenvt eapuanmel  ancopummos ynpasieHus
pexcumMamu  nycka ¢ yY4emoMm — pPA3IUYHLIX  HAYANLHLIX  pacnpeoesienul
memnepamypvl no OIuHe 3az2py3ku. AHanuz nokazviéaem, 4mo NOJY4eHHble
aAneopummovl  YNpasieHusi  HeCMAayUOHAPHLIMU — PelCUMAamMu  0becneuusarom
0OHOBDEMEHHO MUHUMYM dHEp203ampam npu eblxooe Ha YCMAHOBUBUUULCS PEeHCUM
U MaxkcumanivbHoe bvicmpooelcmaue.

KnroueBble cloBa: UHOVKYUOHHBIU —HAZpE8, MamemMamuieckas MoOeib,

UCTNOYHUKU men.a, memnepamyprHoe  pacnpeoeneHue, ynpasieHue,
aghpexmusrnocmo
INVESTIGATION OF NON-STATIONARY MODES

OF THE METHODOLOGICAL INDUCTION HEATER IN STRAIN LINES
A.l. Danilushkin, V.A. Danilushkin, D.V. Kolpakov



The article deals with the problem of control over a two-section methodical
heater in start-up modes with various temperature distributions of the load along
the length of the heater. A key feature of the heater performance is a significant
change in the physical properties of the heated metal, due to their dependence on
the temperature parameters. A mathematical model of an object, which takes into
account a nonlinear dependence of the physical properties of metals on the
temperature parameters is used to develop and analyze the algorithms for tracking
the changes of power during the steady-state operation. Taking into account the
clarifications given in the work, calculation of electromagnetic heat sources and
temperature distribution in the load is performed in the process of steady-state
operation mode. It is shown that during the heater start-up, a significant change in
the temperature distribution along the length of the load is observed. Deviation of
temperature distribution from the stationary mode leads to appearance of
substandard workpieces at the outlet. The obtained algorithms for changing the
power can provide a quick exit to a steady-state mode with a specified temperature
distribution at minimal energy losses needed for heating substandard workpieces.
Calculation of control parameters is made with account to the limiting capabilities
of autonomous power sources. Variants of control algorithms for the start-up
modes are considered with regard to various initial temperature distributions
along the length of the load. The analysis shows that the obtained control
algorithms for non-stationary modes simultaneously provide minimum energy
consumption when reaching a steady-state mode and maximum performance
efficiency.

Keywords: induction heating, mathematical model, heat sources, temperature
distribution, control, efficiency

MOJAEJIUPOBAHUE CBY-PABMOPAKUBAHUA I'PYHTA

C.B. TpuropJsbii, A.A. Uyapos

B cmamve npedocmasnenvt pesyibmamvl Mmamemamuieckoeo MooeaIupo8arus npu
Hazpege mep3noco cios epyrma ¢ nomowpto CBY-aumenn. B kauecmee uznyyaroujux
cucmem UCNOIb308ANUCH PYNOPHBIE U BOTHOBOOHO-UjeIesble CUCTNEeMbl, PAbOMAarouux
Ha uacmome 2,45 ITy. Hccneoosanue nposoounocb ¢ NOMOWBIO UYUCIEHHO20
mooenuposarus npoyecca CBY-nacpesa ¢ ucnonv3osanuem memood KOHEUHbIX
IEMEHMO8, peanu308anHoco 8 npoepammuom komniekce COMSOL Multiphysics. B
pe3yibmame  MOOeIUPOBaHUsL ONpeoeneHbl ONMUMAIbHASL CKOPOCMb  OBUNCEHUS
usnyyarowei  cucmemvl  u - mowHocmv — CBY-uznyuenus, npu  Komopwvix
obecneyusaemcs 3a0AHHAsL PABHOMEPHOCMb HACPEBA 2PYHMA.

KarwoueBbie ciaoBa: CBY-nazpes, usznyuawwas cucmema, HuUCIeHHOE
Moodenupoeanue, CKOpoOCmb OBUNCEHUA, MOUWLHOCHb, PAGHOMEPHOCHLb HAZPesa

MODELING OF MICROWAVE SOIL DEFROSTING



S.V. Trigorly, A.A. Chudrov

The article presents the results of mathematical modeling for heating the frozen
soil layer using microwave antennas. Horn and waveguide-slot systems operating
at the frequency of 2.45 GHz were used as radiation systems. The research was
conducted by numerical simulation of the microwave heating process using the
finite element method implemented in the COMSOL Multiphysics software
package. As a result of the simulation, the optimal speed of the radiating system
and the microwave radiation power were determined, which ensures a given
uniformity of ground heating.

Keywords: microwave heating, radiating system, numerical simulation, motion
speed, power, uniformity of heating

KOMIIBIOTEPHOE MOJIEJUPOBAHUE CB4
IJIEKTPOTEXHOJIOI'MYECKHUX YCTAHOBOK
C BOJIHOBOJJHO-MEJEBBIMHU U3JTYYHAIOILIUMU CUCTEMAMMU

C.B. TpuropJsii, B.E. /Keanos

Kamepovr nyuesoco muna saenaromcsa manouzyuennvimu 6 mexnonocuu CBY-
obpabomku Ousiekmpuxos. B Oanuou cmamve pacCMOMPEHO MOOenuposaHue
CBY-ycmanogok ¢ 80IHOBOOHO-UENe8bIMU  USAYUAIOWUMU — CUCEMAaMU,
pabomarowumy 8  NEPUOOUYEeCKOM U  Memoouueckom  pedxcumax. s
NEPUOOULECKO20 DPEeNCUMA MePMOOOPAOOMKU UCCIe008AHO BIUAHUE HOTONHCEHUS
ousnekmpuxka 6 CBUY-xamepe, gpopmbi u Konuuecmea wenei 6 60JHOB00€ HA
DPABHOMEPHOCHIb U CKOPOCMb HA2peda 00beKkma.

Jna memoouueckozo pexcuma ucciedo8aHo 6ausHUe CKOPOCMU OBUNCEHUS
uznyuarouei cucmemvl u CBY-mownocmu na pasnomeprocms mepmooopabomxu
mepsnozo epynma. Komnviomepnoe moldenupoganue 31eKmMpoOOUHAMUYECKUX U
mennosvix npoyeccos goinonneno 6 cpede COMSOL Multiphysics. I[Ipedcmaenensi
pe3yibmamsl  MOOeIuposanusi Hazpegsa oudnekmpuxkos npu uacmome CBY-
usnyyenus: 2,45 I'Ty.

KmtoueBbie cnoBa: CBY-ycmanoexa, mepmoobpabomka Ousiekmpuxos,
KOMNbIOMEPHOEe MOOeNUpO8anue, 80IHOB00HO-UeNe8dss cCucmema, nepuooutdecKuil
U MemoouyecKull Hazpes

COMPUTER SIMULATION OF MICROWAVE ELECTRICAL
INSTALLATIONS WITH SLOTTED WAVEGUIDE RADIATION
SYSTEMS

S.V. Trigorly, V.E. Zhelnov



Beam-type chambers are understudied in terms of technology for microwave
processing of dielectrics. The article considers simulation of microwave
installations with slotted waveguide radiation systems operating in periodic and
methodical action regimes. Regarding the periodic heat treatment regime, the
authors investigated effects of the position of dielectrics in the microwave
chamber, the shape and number of slots in the waveguide on the uniformity and
rate of heating an object.

Regarding the methodical action mode, the influence of the radiation system
rate and microwave capacity on the uniformity of thermal treatment of frozen soil
was investigated. Computer simulation of electrodynamic and thermal processes
was performed in the COMSOL Multiphysics software. The simulation results of
heating the dielectrics under the microwave radiation frequency of 2.45 GHz are
presented.

Keywords: microwave installation, heat treatment of dielectrics, computer
simulation, slotted waveguide system, periodic and methodical action heating

HUCCJIEJJOBAHUE CUCTEMBbI CTABUJIN3ALINU
IMOIEPEYHOM YCTONMUYUBOCTH ABTOMOBIJISA
C DJIEKTPOMEXAHHUYECKOMW AKTUBHOM IMOJABECKOH

A.M. AbakymoB, A.A. I'opsiukun, /I.I'. Panaun

B cmamwve  paccmampusaemcs — cucmema — cmadbunuzayuu - NONEPEUHOl
YCMOUYUBOCMU ABMOMOOUNAL C NOOBECKOU, 8 KOMOPOU 8 Kauecmee aKmuGHO20
aneMeHma Bvicmynaem JauHeuHsll osueamenv nocmosnno2o moxa (JIAIT). [l
NPUHAMOU  PACYEMHOU MOOenU HNOJNYYeHbl AHAIUMUYEeCKUe 3a8UCUMOCMU  OJs
onpeoeienuss OONOJIHUMENbHbIX YCUTULL HA NO0BECKe, BbI36AHHO20 YEHMPOOENCHOL
cunotl, u ynpaeusiowezo 6o30eticmaus, cozoasaemozo JIUIIIT. Cgopmuposana
CMPYKMYpa 3aMKHYMOU N0 yeny KpeHa aemoMoOUNs CUCMEMbl A8MOMAMUYEecKO20
VAPAGNeHUs, U PACCMOMPEHbl OUHAMUYECKUEe XAPAKMEPUCTMUKU ee DNeMeHMO8.
Ilpusedena memoouxa cunmesa pe2yiimopa cucmemvl Ynpasienus, Oa3upyrouasics
HA UCHONIb308AHUU IMAIOHHBIX nepedamounvlx @yukyuil. Ilokazano, umo evicokue
nokazamenu Kavecmea pecyiuposanuss Mozym Obimb O00CMUSHYMbL 3d CHem
ucnonvzosarnus 6 cucmeme I1H/]-pecyniamopa. Pazpabomarna komnoviomepHas Mooeisb
cucmemvl, U Ol MUNUYHBIX NAPAMEMPO8 00beKMa YNPAGIeHUss NpPOBeOeHO
uccnedosanue ee OUHAMUYECKUX XAPAKMEPUCMUK NpU OompadbomKe 803MYWEHUS 8
8UOe UBMEHEHUs YEHMPOOEXCHOU CUlbl. YCmamosieHo, 4mo UCHOIb308AHUe
paspabomannou CAY obecneuusaem 8biCOKYIO MOYHOCMb CIAOUIUZAYUU Yella KDEeHA
aA8MoMOOUTIA.

KiwueBble cii0Ba: nonepeunas ycmoudyugocmv aemomooOuis, aKmueHas
nooeecka agmomooduns, cucmema cmadunUIAUUU, JTUHCHUHBIIL O08UZAMEND
NOCMOAHHO20 MOKA



INVESTIGATION OF THE TRANSVERSE STABILITY SYSTEM OF A
VEHICLE WITH ELECTROMECHANICAL ACTIVE SUSPENSION

A.M. Abakumov, A.A. Goryachkin, D.G. Randin

The article considers a system of vehicle roll stability with the suspension
where the linear DC motor (LDCM) acts as an active component. For the
accepted computational model, analytical dependences required to determine
additional forces on vehicle suspensions induced by the centrifugal force and
the LDCM control effects have been obtained. The design principle of the
closed roll- control system for the vehicle self-driving system has been formed
and dynamic characteristics of its components considered. A methodology for
synthesizing a control system regulator based on the use of the reference
transfer functions is presented. It is shown that high quality control level
can be achieved by providing the system with a proportional-integral-
differential regulator. A computer model of the system has been developed
and typical parameters of the control object in terms of its dynamic
characteristics under the perturbation formed by the changes in the
centrifugal force have been studied. It is established that the use of the
developed ACS ensures high accuracy of the vehicle roll stability.

Keywords: vehicle roll stability, active suspension of a vehicle, stability
system, linear DC motor

AHAJIM3 BJIMAHUA HAPAMETPOB PE3OHAHCHOI'O KOHTYPA
HA KNI CACTEMBbI BECIIPOBOJHOM MEPEJAYU DHEPTUU

B.M. 3aBbsiiioB, C.B. I'aiinyk, C.A. Abeinaynun, M.b. Yriosa

Paccmampusaemces cucmema 6ecnpogoonou nepedauu suepeuu (bII3) c
nocie0o8amenvpHol monojocuell, Kak Haubolee YCmouuudas K BO3MYWCHUAM U
obecneuusarowas 6vlcokull Ko3gouyuenm nepedavu mowHocmu. Onucauma eé
mamemamuyeckas Mooeb 80 epementotu ooracmu. Ionyuenwt 3asucumocmu KI1J]
u Ko3ghguyuenma nepedavu MOWHOCMU OM NAPAMEMPO8 PE3OHAHCHO20 KOHMYPA
npu  Quxcayuu pe30HAHCHOU Hacmomel U NPU 0SPAHUYEHUSIX 2adbapumos
nepeoarowux Kamyuiex. /s sxcnepumenmanvHou ycmaunosku cucmemst bIID ¢
nOCe008amenvpHol Mmonoao2uell, pa3pabomanHol 0 nekmpomenedcku ET-
20132, obopyoosanHotl 6ecnpo80OHOU 3apAOHOU CIMAHYUel, Npu yueme peanibHblx
napamempos nocmpoenvl epagpuueckue sasucumocmu, ompadxcaowue ceszo KIIJ{
¢ napamempamu cucmemsl. IIpusedén ananusz noayueHHulx 3a8UCUMOCMEL.

KiuroueBsble cj10Ba: decnpoeoonas nepeoava Inepzuu, KoIpguyuenm noieanozo
oelicmeus, amniaumyono-vacmommuasn xapakmepucmuka (A4X), pooacmuocme,
nocnedosamenibHas Monoao2us, Ihhekmusnocms nepedauu



ANALYSIS OF THE INFLUENCE
OF RESONANT CIRCUIT PARAMETERS ON THE EFFICIENCY
OF A WIRELESS POWER TRANSMISSION SYSTEM

V.M. Zavyalov, S.V. Gaiduk, S.A. Abeidulin, M.B. Uglova

A wireless power transmission (WPT) system with a serial topology is
considered as the most resistant to disturbances and providing a high power
transfer coefficient. Its mathematical model in the time domain is described. The
dependences of efficiency and power transfer coefficient on the parameters of the
resonant circuit are obtained at fixing the resonant frequency and with restrictions
on the dimensions of the transmitting coils. For experimental installation of the
WPT system with a serial topology developed for the electric cart ET-20132, and
equipped with a wireless charging station with account for the actual parameters,
graphical dependencies were constructed that reflect the relationship between
efficiency and system parameters. The limiting values of the parameters are found
at which a strong coupling becomes weak and a sharp decrease in efficiency is
observed. The analysis of the obtained dependences is given.

Keywords: wireless power transmission, efficiency, frequency response,
robustness,
serial topology, transmission efficiency

AHAJIN3 CYLECTBYIOLMX METO/IOB IJIABKHA
TOJIOJEIHO-U3MOPO3EBBIX OTJIOKEHUIA
HA ITPOBOJIAX BJI-10(6) KB

C.I1. Makcumos, I1.A. Ky3nenosn

IIposeden 0630p mexywe2co cocmoanus u aBapuUHOCMU Ha 8030VUUHBIX JTUHUSLX
anexmponepedauu 10(6) kB. Buvisenenvl ocnosHvie npudumbl aABAPUIHOCIU —
20/1071e0HAsA U 8empo6as Hazpy3ka Ha npogooa BJI, a makaice ocnoguvie hakmopui,
VCI0dACHAIOWUE Nposedenue Niaeku 2oaoneda. llpueeden cpasnumenvubiil AHAIU3
NPUMEHAEeMbIX Memo0o8 Niaeku 2ononeda. Ha ochose pezynomamose auanusa
chopmynuposanvl mexHuweckue mpedo8aHus O0asg CO30aHUsL HOB020, 0OoJee
aghpexmusrnoco memooa niasku 2ononeoa Ha BJI-10(6) kB.

KinwueBble ciaoBa: 6o030yuwinasa JauHuA jiaeKmponepeoauu, 20,1071€0HO-
u3Mopo3eevie OMJIONCEHUA, NIABKA 20J1071€0a4, PACHPeOeUmenbHas Ccems
anekmpocnaodyicenusn 10(6) kB

EXISTING METHODS FOR MELTING ICE AND SNOW ACCRETION
ON 10(6) KV POWER LINES



S.P. Maksimov, P.A. Kuznetsov

The paper presents a review of the current state and accident rate on 10(6) kV
overhead power lines. The authors consider the main reasons for accidents
associated with ice and wind loads on overhead power lines, as well as the key
disruptive effects which complicate the ice melting events. A comparative analysis
of the employed ice melting techniques is provided. The results of the study are
used to formulate the technical requirements for a novel ice-melting technique for
the 10(6) kV overhead power lines.

Keywords: overhead power line, ice and snow accretion, ice-melting, 10(6) kV
power distribution network

PA3ZPABOTKA HUHCTPYMEHTOB OLLEHKH
SJEKTPOMATHUTHON IHOPAXKAEMOCTH
SJEKTPOTEXHUYECKUX CUCTEM JIETKOBBIX ABTOMOBWJIEH

A.C. lloaropuuii, I1.A. Huxkomaaes, B.H. Ko3ioBcknii

B cmamve npedcmasnenvl pezyivmamvl  paspabomxu U - peaiuzayuu
UHCMPYMEHMO8 — OYEHKU  INEeKMPOMASHUMHOU — NOPANCAeMOCMU  1e2KOBbIX
asmomoounel.

KiroueBbie ciioBa: asmomoobuib, 60pmoegoll 31eKmpomexHuiecKullL. KOMNieKc,
Kayecmeo, Ha0edCHOCMb

DEVELOPMENT OF TOOLS TO ASSESS
ELECTROMAGNETIC INTERFERENCE
IN ELECTRICAL SYSTEMS OF MOTOR VEHICLES

A.S. Podgorny, P.A. Nikolaev, V.N. Kozlovsky

The article presents the results of development and implementation of
assessment tools relating susceptibility of motor vehicles to electromagnetic
interference.

Keywords: car, on-board electrical complex, quality, reliability

PEAJIM3ALINA BEPOATHOCTHO-CTATUCTHYECKOI'O
NHCTPYMEHTAPUA OLEHKHN BJIMAHUSA BAPUABEJIBHOCTH
TEXHOJIOI'MYECKOI'O HPOLHECCA HPOU3BO/JACTBA

ABTOMOBUJIBHbBIX I'EHEPATOPOB HA CTABWJIBHOCTD
EI'O OCHOBHBIX SJIEKTPOTEXHUYECKHUX XAPAKTEPUCTHUK

A.C. CakconoB, B.H. Ko310Bckuii



B cmamve npec)cmaeﬂeHbz pesyabnambsl  pealusayuu  6€PpoOANnNHOCMHO2c0
paciemHo-cmamucmu4ecKkoco uHcmpymernmapus OUEHKU GIIUAHUA
6apua6eﬂbﬂocmu mexHoJjliocudeckoco npouyecca np0u36000m6a a6mMoMOOUNTbHBIX
ceHepamopoe HA cmabunbHoCmb €20 OCHOBHbIX JdJleKmponmexHui4ecCKux
xapakmepucmux.

Knrwwuesvie cnosa: KOHKypeHm0cn0C05HOCI7’Zb, Kadecmeo, a6m0050p01moe
np0u36000m60, AJIEKMPOKOMNOHEHmMblL, ceHepamop

PROBABILISTIC AND STATISTICAL METHODS
FOR ESTIMATING VARIABILITY EFFECTS
OF TECHNOLOGICAL PROCESSES IN THE PRODUCTION
OF AUTOMOTIVE ALTERNATORS ON STABILITY
OF ITS BASIC ELECTRICAL CHARACTERISTICS

A.S. Saxonov, V.N. Kozlovsky

The article presents the results of implementing probabilistic and statistical
methods for estimating the impact of variability of technological processes applied
in automotive alternators production on stability of its basic electrical
characteristics.

Keywords: competitiveness, quality, car assembly production, electrical
components, generator

YMEHBUHIEHUE HETI'ATHUBHOI'O BJIMAHHUA ITPEOBPA3OBATEJIA
YACTOThbl HA CHUHXPOHHBIM TEHEPATOP C H3MEHSIEMON
CKOPOCTBIO BPAIIEHUSA POTOPA

N.IO0. Poxnos, LI.A. T'aiinyaiann, U.A. ApTioxos

Paccmompena npobnema xauecmea snexmposnepeuu Ha cmamope 2eHepamopa
npu NoOKIYeHUuU K Hemy npeobdpazoeamensi wacmomsi. llpednodicen eapuarm
VMEHbULeHUSL He2amUBHO20 GIUAHUS Npeobpazosamens Yacmomsl HA 2eHepamop
npu UMEHEeHUU CKOPOCMU B8PAWEHUs pomopa, 3d CYE€mM YCMAHOBKU AKMUBHO20
BLINPAMUMENSL U PECYTUPOBAHUSL €20 PAOOMbL C NOMOUBIO BEKMOPHO20 YNPABIEHUSL.
Ilpeocmasnenvl pezyiomamsl AHAIU3A 2APMOHUYECKUX COCMAGTAIOUUX BbICOKOU
4acmomsl 8 HANPANCEHUU CMAMOopa 2eHepamopa.

KitoueBbie clioBa: eazomypOuHHas yCmaHosKa, CKOpoCcmb 8pawjeHus: pomopa,
CUHXPOHHDIU 2eHepamop HA NOCMOSHHBIX MASHUMAX, AKMUBHbLIU SbINDAMUMEID,
cucmema asmomamuyecko20 pecyiupo8anus

MITIGATION OF THE NEGATIVE IMPACT OF THE FREQUENCY



CONVERTER ON THE VARIABLE SPEED SYNCHRONOUS
GENERATOR

I.Yu. Rozhnov, Sh.A. Gainullin, I.1. Artyukhov

The problem of power quality on the generator stator due to the use of the
frequency converter is considered. The invention proposes a version of mitigation
negative impact of the frequency converter on the generator at changes in the rotor
rotation speed, due to installation of an active rectifier and regulation of its
operation using vector control. The results of analysis of THD in the generator
stator voltage are presented.

Keywords: gas turbine compressor, rotor rpm, permanent magnets synchronous
generator, active rectifier, automatic control system

BJIUSHUE BEJIMYHNHDbI «MEPTBOI'O» BPEMEHHU HA
FTAPMOHMUYECKHUI COCTAB BBIXOJHOI'O HANPSKEHUS
YACTOTHOI'O IPEOBPA3OBATEJIA

A.B. Crapuxkos, O.C. beasieBa, /I.A. IlynoBknna

Yacmomuvie npeobpazogamenu ¢ CUHYCOUOANbHOU MOOYIAYUEU NPULUIU HA CMEH)
UHBEPIMOPAM C T-KOMMYmMayueu mpausucmopos Ojisl VIYYUEeHUs. 2aPMOHUYECKO20
cocmasa 6bIX00H020 Hanpsaxcenus. (OOHaKo, MPAOUYUOHHAS CUHYCOUOAIbHASA
MOOYNAYUsL mpeOyem 86e0eHUsl MAK HA3bIBAEMO20 «MePMBO20» BPEMEHU KaAHCObIl
nepuood  WUPOMHO-UMNYTIbCHOU MOOYIAYUU NPU  NEPEKTIOYEHUU MPAH3IUCTOPO8
norymocmos. Illpugedenvt Ouazpammvl YNPAGIAOWUX CUSHANLO8, NOOABAEMbIX HA
CUNOBbIE  MPAH3UCIOPLL  YACMOMHO20 HNpeobpazoeamenis, Nnpu  MmpaouyuoOHHOU
curycoudanvnoti IIIUM ¢ yuemom «mepmeocoy 6pemeHu U aHATUMUYEcKoe
svipasicenue OJisl pacuema AMAIUMYO NepPeoU U BbICUIUX 2APMOHUK BbIXOOHO20
@aznozo manpsdcenuss npu pabome HA AKMUBHYIO CUMMEMPUYHYIO MpPexhazHyio
Hazpy3ky. llpoussedena eapuayus 6eIUYUHbI «MEPMBO20» 6PEMEHU U HAUOEeHbl
amMnaumyobl 2apMOHUK ¢ nepeou no mpuoyams Oeeamyro. Ilocmpoenvl epaguru
3asucumocmerl OMHOCUMENbHBIX 3HAYEHUU pA0a BbICUIUX 2APMOHUK 6 QYHKYUU
«mepmeo2oy epemenu. Haiioenvl maxoice enuuunbl CYMMApHO20 KOIGhduyuenma
2aPMOHUYECKUX COCMABTAIOWUX NPU PASTUYHBIX ZHAUEHUSX (MEPMBO20» BPEeMEHMU.
Coenan 6v1600, 4MO 6BeOEHUE «MEPMBO20» BPEMEHU NPUBOOUmM K Pe3KOMY
VBeUUeHUI0 CYMMAPHO20 KO3 PuyueHma 2apmMoHu4eckux coOCmagsaouux.

KuroueBbie ciaoBa: uacmommuwlit npeodpazoeamens, ¢haznoe Hanpadyicenue,
WUPOMHO-UMNYIbCHAA MOOYIAYUSL, BbICUIUE 2APMOHUKU

INFLUENCE OF THE «DEAD» TIME ON HARMONIC COMPOSITION
OF THE OUTPUT VOLTAGE OF THE FREQUENCY CONVERTER



A.V. Starikov, O.S. Belyaeva, D.A. Pudovkina

Frequency converters with sinusoidal modulation have replaced inverters with
m-switched transistors to improve harmonic composition of the output voltage.
However, traditional sinusoidal modulation requires introduction of the so-called
"dead" time every period of pulse-width modulation when switching half-bridge
transistors. The diagrams of the control signals applied to the power transistors of
the frequency converter, with traditional sinusoidal PWM, taking into account the
"dead" time, and analytical expression for calculating the amplitudes of the first
and higher harmonics of the output phase voltage when operating on an active
symmetrical three-phase load are given. A variation of the value of the "dead" time
was performed and the amplitudes of the harmonics from the first to the thirty-
ninth were found. The graphs of dependences of the relative values of a number of
higher harmonics as a function of "dead" time are constructed. The values of the
total coefficient of harmonic components are also found for various values of the
"dead" time. It is concluded that introduction of “"dead" time leads to a sharp
increase in the total coefficient of harmonic components.
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