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POJIb ITAKETA MATLAB/SIMULINK
B JTUITJIOMHOM ITPOEKTUPOBAHUU
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Aunnomayus. Ilpuseden 0630p pabom, NOCEAUWEHHBIX 3A0AYAM NPOEKMUPOBAHUS U
YUCTIEHHO20 MOOEIUPOBANHUS CUCMEMbl DNEKMPOCHAOIHCEH U TemamenbHblX annapamos —
COC JIA 6 naxeme Matlab/Simulink, nposedennvix poccuiickumu u 3apybescnvimu
uccnedosamensmu.

Kmouesvie  cnosa: cucmemvl 3]Z€KmpOCHa6[)IC€HMﬂ JlemameilbHblx  annapamaoe,
MO@@JZMPOSGHM@ pa6ombl cucmem 3]Z€Kmp00Ha69fC€Huﬂ JlemameilbHblX annapamos 6 nakeme
Matlab/Simulink.

B pabGore mnpencrtaBieH 0030p paboT, MOCBSIICHHBIX YHUCICHHOMY
mozaenupoBanuio COC JIA, mupencTaBiSIIONIMM WHTEpeC IS CIHEIHAINCTOB,
3aHUMAIOIINXCSl JTAaHHOW TeMaTukoid. B kadecTBe OTHpaBHBIX IMOCOOMH ™0
MIPOBEJICHUIO YHCIICHHBIX PAacdeTOB CHUCTEM CHJIOBOM OJJICKTPOHUKH, a TaKXke
JJIEKTPONIPUBOJA DJIEKTpOMeXaHuueckux cucteM B makere Matlab/Simulink
npumeM MoHorpaduu [1 — 3].

B Hacrostiiee BpeMsi B aBHallMM HAXOAUT NPUMEHEHUE CUCTEMa TIEPEMEHHOTO
TpexdaszHoro Toka 115/200 B mocrosaHO# gacToTs! 400 I'11 ¢ MOITyIIpOBOAHUKOBBIM
mpeobpazopareneM (1111w I[TH). [lepcrieKTHBHOM SIBISIETCS CHCTEMA TIOCTOSTHHOTO
TOKa BBICOKOTO Hanpspkerus + 270 B [4].

ABTOpamu paboThl [4] B KauecTBe MEPCHEKTUBHOI paccMaTpUBaeTCs CUCTeMa
TCHEPUPOBAHUs TOCTOSHHOTO TOKAa HHU3KOro Hampspkenus, rae ¢ynxouu [1I1
(MO ITPOBOIHUKOBOTO MPe0Opa3oBaTesl) BBIMOIHSET BBIIPSIMUATENb HAPSOKESHHS,
BBINOJTHEHHBIH 10 MOYJILHOMY NMpHHIMITY Ha Tpan3uctopax MOSFET (puc. 1).

IlepcnextuBHOM cucremoit nepemenHoro toka s COC JIA aBropamu [4]
MPUHITa CHUCTEMa TeHEpPUpOBaHUs Toka crabwibHOW wactoTel 400 ['m m
Hanpspkernem 115 B (puc. 2).

Camorer ¢ moBbIIeHHOH AnekTpodukanuei odopynosanus (CI120) —3to JIA,
B KOTOPOM TSTa CO3JaeTcs TPaAMLHOHHBIMU JABHTaTeNs MM, a OoJbllas macca
obopynoBaHuUs MOIy4aeT 3Hepruto oT nertpamusopanHoin COC JIA. Cxema COC
JIA, B KOTOpOIi peann3oBaHa NaHHAs KOHIICTIIUS, IPEICTaBIeHa aBTOpaMu [5] Ha
(puc. 3). JIA, Tdra B KOTOPOM CO3/IaeTCSI C MOMOIIBIO AIIEKTPUISCKON CHIIOBOI
YCTaHOBKH, Ha3BaH MTOJHOCTHIO dNeKTpudeckuM camoseroM (I19C) [6]. 'ubpunasim
JIA Ha3BaH camMoJIET CO CMEIIaHHOM TATOM [7].
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O6patuMcs Kk paboTaMm, TPOBEACHHBIMH POCCHICKHMU M 3apyOeKHBIMU
HCCIIeI0BaTESIMU B HANIPABJICHUU K CAaMOJIETY C HOBBIIICHHOH 3JeKTpuUKaLnei,
HCIIONB30BABIIHX B CBOCH paboTe MakeT MMHUTAIMOHHOTO MoenupoBanust Matlab.
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Pucyrnox 3 — Cucmema pacnpedenenus snekmposnepeuu JIA ¢ nosvlienHoil
anexkmpughuxayue

B pabore [8] mpoBeneHa 3akoHOMepHast 3aMeHa anekTpornpuBoom JI1T13-334
AQHAJIOTUYHOI'O THIPONPHUBOJIA CHCTEMbI NEpPEMEIICHHs MeXaHW3aluH Kpblia —
CIIMK-9 camonera. ABtopoM [9] pa3paboTaH MarHUTODJIEKTPHUYECKHUIH
CHHXpOHHBIH reHepatop MOI momHocThio He MenHee 200 kB-A u Ooxee
TIEPEMEHHOT0 TOKa, BBIMOJIHSIONMH QyHKIMI0 crapTep-renepatopa CI'. B paborte
[10] pa3paboTtan s5eKTpOreHepaTop MOCTOSHHOTO TOKa TOBBIIIIEHHOTO HATIPSKEHHS
MOIITHOCTBIO JJO HECKOJBKHUX COTEH KHJIOBATT C HEMOCPEICTBEHHBIM MPHUBOAOM OT
aBHaJBHUTaTelsl, pabOTAIOMET0 B CHCTEME C 3JIEKTPOHHBIM IIPeoOpa3oBaTeIIeM.
AstopoM [11] pa3zpaboTaHa W UYHCIEHHO CMOJAETHPOBAaHA pE3CPBHAS CHCTEMa
TEeHEPHPOBAHUS JJIEKTPUYECKONM DJHEPrUM Ha 0a3e MarHUTORIEKTPUYECKOTO
reHepaTopa ¥ WHBEPTOpa HANpsDKEHHs, IOCTPOCHHBIX C HCIOJIb30BAHUEM
MOJIyJIbHOTO MTPUHIIMIIA.

OcHoBbl uMHUTalMOHHOTO MojenupoBanuss COC JIA B makere Matlab
npeacraBieHsl B MoHorpaguu [12]. B pabore [13] mnpexacraBieHa Mmopenb
CHHXpOHHOI Mammebl — CM ¢ nemngepHOl 0OMOTKOM, laynee paccuuTaHHas B
nakere Matlab. MccrienoBana mMonenb CHHXPOHHOTO BKJIIOYEHHS T€HEPAaTOPOB B
enuHylo cetb. ABTopamu [14] paspaboraHa yTOYHEHHas MOJENb CHHXPOHHOTO
renepatopa — CI, mpexacraBieHHass B BHAE TpEX MalIWH. IOJBO30YAMTENS,
BO30yIUTENS U caMoro reaeparopa. IIpuBeneHsl pe3ynbTaThl MOJCIUPOBAHUS B
makere Matlab. B paGore [15] momens CI' mpencraBieHa CHCTEMOW MaTPUYHBIX
ypaBHeHUH. [IpuBeeHBI CTPYKTYPHBIE CXEMBI PETYJIATOPA HANPSKEHUSI U IIPHBOAA
MOCTOSIHHOM 4acToThl BpameHus. Mogens COC JIA peanm3oBaHa B TakeTe
Matlab/Simulink.
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ABropamu [16] mpuBeneHBI pPe3yNbTaThl WMHUTAMOHHOTO MOZCIHPOBAHUS
sueproysina COC JIA TI3C B nakere Matlab/Simulink. Asropamu [17] mpoBeaeHo
mopenupoBanne COC camonera Ui — 76 B makere Simulink. IpuBeaessr Momenu
COC mnepeMEeHHOIO U TIIOCTOSHHOTO TOKOB, HUX JJIEMEHTOB, pE3yJIbTATHI
MoenupoBanus. B pabore [18] mpoBeaeHO MMHUTAMOHHOE MOJCIMPOBAHUE B
makere Matlab/Simulink COC mnocrostuaoro Ttoka camonera Cy—30CM B
HOpPMAaJBHBIX M aBapUWHBIX pEeXUMax paboTel. ABropamu [19] paspaborana
umuTanonHas moxens COC camonera Cy—27 B makere Matlab/Simulink. Ona
no3BonseT uccaenoate COC JIA kak B HOpMaIbHOM, TaK U aBapUIHOM peKUMax
pabots1. ABTOpoM [20] MpoBeIeHO MMHUTAIMOHHOE MOJIETTMPOBAHHE PAOOTHI CHCTEM
nepeMeHHOro U nocrosHHoro Tokos COC JIA Un—76 B nakere Matlab/Simulink. B
pabote [21] paccMoTpeHa MOIETs CHCTEMBI 3JIEKTPOCHAOKEHHS MTEPCIIEKTUBHOTO
JaJbHEMAarnCcTpaJbHOTO CcaMojieTa B TPOrpaMMHOM Komiuiekce SiminTech.
[IpuBeneHsl  pe3ynbTaThl  MOJAENUPOBAHUS  UYETHIPEXKAHATBHOW  CHCTEMBI
TCHEPUPOBAHUS M PpaCIpe/eCHUs] DIEKTPOIHEPIHMH MEepEeMEHHOTO TOKa IpU
HOPMAJILHOM peXHMe paboThlI.

B cratbe [22] npoBeneHO MOAeIMpOBaHKE PabOThI IBUTATEIBHOIO PEKUMA
CTapTep-TeHEepPaTOPHOH YCTAaHOBKH JUIS aBUAIMOHHOTO ra30TypOMHHOTO ABHUTATENs
B makete Matlab/Simulink. B kadecTBe 31eKTpHYECKOl MAIIMHBI HCHOJB3YETCS
CHUHXPOHHBIH JABUTATEINb C TIOCTOSIHHBIMH MarHUTaMu.

AptopoMm [23] mpexacTaBieHa CUCTEMA PErYJIHPOBAaHUS YACTOTHI BBIXOJHOTO
HaNpsDKEeHNS! CHHXPOHHOTO TEHeparopa, pa3pabOTaHHOTO Ha OCHOBE HEYETKOU
JIOTHKH C TIOMOIIBIO0 TEHETHYECKOTO aJITOPUTMa, TO3BOJISIONIETO ONTUMHU3HPOBATh
XapaKTEPUCTHUKHU PETYISITOPA YaCTOTHI.

B pabote [24] npencraBieHa Meronnka npoektupoBanus COC BO3AYIIHOTO
cyaHa. IlepeuncneHbl 3aiadd, HEOOXOAMMBIE U peajM3ald aBTOMAaTH3alUu
nporecca mpoektupoBanuss COC  JIA.  ABtopamu [25] mpexacTaBieHO
mozenupoBanne COC JIA Bo3nymnbix cynoB Bombardier Global Express B makere
Simulink (aBroHomuass mopens peanuzanuu) u penratene OPAL-RT (s
MOJIETUPOBAaHMUsI B peallbHOM BpeMeHH). ABTopamu [26] mpejcraBiieHa
kpocciutarpopMeHHass Metonosioruss npoektupoBanuss COC  JIA. [lakerts,
WCIIONIB3yeMBIE U1  MOJENMpoBaHMs paboumx pexmmoB COC JIA -
Matlab/Simulink n Modelica.
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THE ROLE OF THE MATLAB/SIMULINK PACKAGE
IN DIPLOMA DESIGN

Valery 1. Kurir
KNITU-KALI, senior lecturer, cand. of tech. sciences
RF, Kazan, kurir_valerian@mail.ru

Abstract. An overview of works devoted to the problems of design and numerical
modeling of the power supply system of aircraft — aircraft PSS in the Matlab / Simulink
package, carried out by Russian and foreign researchers, is given.

Keywords: aircraft power supply systems, modeling the operation of aircraft power
supply systems in the Matlab / Simulink package.

The paper presents an overview of the works devoted to the numerical modeling
of the aircraft PSS, which is of interest to specialists dealing with this topic.
Monographs [1 — 3] will be used as starting guides for carrying out numerical
calculations of power electronics systems, as well as the electric drive of
electromechanical systems in the Matlab / Simulink package.
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Currently, in aviation, a three-phase AC 115/200 V system with a constant
frequency of 400 Hz with a semiconductor converter (PP or FC) is used. A promising
high voltage constant current system is = 270 V [4].

The authors of [4] consider a system for generating low voltage direct current
as promising, where the functions of a PCB (semiconductor converter) are
performed by a voltage rectifier made on a modular basis on MOSFET transistors
(Fig. 1).

The authors of [4] adopted a system for generating a current of a stable
frequency of 400 Hz and a voltage of 115 V as a promising alternating current system
for PSS aircraft (Fig. 2).

An aircraft with enhanced equipment electrification (EEC) is an aircraft in
which thrust is created by traditional engines, and a large mass of equipment receives
energy from a centralized PSS of the aircraft. The scheme of the PSS of the aircraft,
in which this concept is implemented, is presented by the authors of [5] in (Fig. 3).
The aircraft, the thrust in which is created using an electric power plant, is called a
fully electric aircraft (FEA) [6]. An aircraft with a mixed thrust is called a hybrid
aircraft [7].
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Let us turn to the work carried out by Russian and foreign researchers towards
an aircraft with increased electrification, who used the Matlab simulation package

in their work.

In work [8], a regular replacement of an electric drive EPPZ—334 of a similar
hydraulic drive of the wing mechanization movement system — SPMK—-9 of an
aircraft was carried out. The author of [9] has developed a magnetoelectric
synchronous MEG generator with a capacity of at least 200 kVA and more
alternating current, which serves as an SG starter-generator. In [10], a high-voltage
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direct current electric generator with a capacity of up to several hundred kilowatts
was developed with a direct drive from an aircraft engine operating in a system with
an electronic converter. The author [11] has developed and numerically modeled a
backup system for generating electrical energy based on a magnetoelectric generator
and a voltage inverter, built using a modular principle.

The basics of simulation modeling of PSS aircraft in the Matlab package are
presented in the monograph [12]. The work [13] presents a model of a synchronous
machine — SM with a damper winding, further calculated in the Matlab package. A
model of synchronous connection of generators to a single network has been
investigated. The authors of [14] developed a refined model of a synchronous
generator — SG, presented in the form of three machines: the exciter, the exciter and
the generator itself. The results of modeling in the Matlab package are presented. In
[15], the SG model is presented by a system of matrix equations. The block diagrams
of the voltage regulator and constant speed drive are given. The PSS aircraft model
is implemented in the Matlab / Simulink package.

The authors of [16] presented the results of simulation modeling of the power
unit of the PSS of fully electric aircraft in the Matlab / Simulink package. The authors
of [17] simulated the PSS of the Il — 76 aircraft in the Simulink package. Models of
PSS of alternating and direct currents, their elements, simulation results are
presented. In [18], simulation modeling was carried out in the Matlab / Simulink
package for DC PSS of the Su-30SM aircraft in normal and emergency operating
modes. The authors of [19] developed a simulation model of the PSS of the Su-27
aircraft in the Matlab / Simulink package. It allows you to explore the PSS of the
aircraft both in normal and emergency operating modes. The author of [20] carried
out a simulation of the operation of AC and DC systems of the PSS of IL—76 aircraft
in the Matlab / Simulink package. In [21], a model of a power supply system for a
promising long-range aircraft in the SimInTech software package is considered. The
results of modeling a four-channel system for generating and distributing AC power
during normal operation are presented.

In the article [22], the simulation of the propulsion mode of a starter-generator
set for an aircraft gas turbine engine in the Matlab / Simulink package was carried
out. A permanent magnet synchronous motor is used as an electrical machine.

The author of [23] presents a system for regulating the frequency of the output
voltage of a synchronous generator, developed on the basis of fuzzy logic using a
genetic algorithm that allows optimizing the characteristics of the frequency
regulator.

The work [24] presents a methodology for designing of an aircraft PSS. The
tasks required for the implementation of automation of the design process of the
aircraft PSS are listed. The authors of [25] presented the modeling of the PSS for
aircraft of Bombardier Global Express aircraft in the Simulink package (an
autonomous implementation model) and the OPAL-RT solver (for real-time
modeling). The authors of [26] presented a cross-platform methodology for
designing an aircraft solar power plant. The packages used to simulate the operating
modes of the PSS aircraft — Matlab / Simulink and Modelica.
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