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MOJEJIb TPUPAZHOT'O ACUHXPOHHOI'O IBUT'YHA 3
KOPOTKO3AMKHEHUM POTOPOM Y TAKETI MATLAB

YV npeocmasneniii pobomi pozenaoaromecs 0cobIUBOCME OOCHIONCEHHA MAMEMAMUYHO20 aAnapamy MoOoei

MPUGDA3HO20 ACUHXPOHHO20 O8USYHA 3 KOPOMKO3AMKHeHUmM pomopom y naxemi matlab. Byro pospobreno modenn 6

naxemi matlab, wo onucye pobomy uacmmommo-pecyib06ano20 enexmponpusooda 3 YPaxy8aHHsIM MeOPemuyHO20

AHANIZY MA eKCREPUMEHMATLHUX OOCTIONCEHD.

Kmouosi cnosa: xomn'tomepre MmoOemo8anHs, mMpu@asHuil ACUHXPOHHUL OBUSYH, NPOSPAMHO-ANAPAMHUL
xomnaexe, Matlab, uacmommno-pezynvosanuii enexmponpugoo.

IlocranoBka npodaeMu

Binomo, mo tpudasni acuaxponHi nsuryHu (AJ])
3 KOPOTKO3aMKHEHHM POTOPOM BH3HAYAOTH OCHOBY
CYYacHOTO €NIeKTPONpPUBOAY B 6arathox ramyssx. Tomy
IIUPOKE  BIPOBA/DKEHHA Yy IMPAKTUKY YaCTOTHO-
peryapoBaHoro enektporpusony 3 AJl, 3 KOXHHM
pOKOM, pOOUTH Bce Oliblie aKkTyalbHILIOK NpodiIeMy
TEOPETUYHOTO  aHalli3y Ta  EKCIIePUMEHTAIbHOrO
nocmmkennass [1-3]. OgHuM 13 OCHOBHHX €TalliB
TEOPETUYHOTO aHAJli3y € MaTeMaTUYHE MOJCITIOBAHHS Ta
KOMIT'IOTEpHE JOCTiPKEHHS. [Noennanns
MaTEeMaTH4YHOTO  MOJEIIOBAaHHA Ta  CYY4aCHHUX
KOMIT'FOTEPHUX TEXHOJIOTii, B OCHOBI SIKUX JIeXKaTbh
NPUKIIAJHI TaKeTH, HANA€ JIOCHIITHUKY MOXKJIMBICTh
rTMOOKOr0 BUBYEHHS MPOLIECIB, IO MPOTIKAIOTh Y BCIX
JIaHKaX €JIEeKTPONPHUBOIY.

AHAaJIi3 OCTAHHIX J0CTiIKeHb | myOaikanii

Ha  cporomgmimmHiii  gedp  Bimomo  Oararto
MPOrpaMHHUX MaKeTiB JUTst MaTeMaTHYHOTO
mojerroBanus: Derive, Macsyma, Maple, MathCad,
Mathematica, MatLab, MicroCap, PSpice, Reduce,
Theorist Tomo. Komm'iotepHOoMy — MOJENIOBaHHIO
CHIIOBHX HAIIBOPOBIAHUKOBUX  IEPETBOPIOBAYIB,
SJIEKTPUYHUX MAIIUH Ta eleKTporpuBoAiB y MatLab
mpucsstdeHi [1 - 4].

OpmHier0 31 CKIQIOBUX YacTHH  O10/i0TEKH
SimPowerSystem maker MatlLab € ©6i0mioreka
Machines. Bona MicTHTh MOfENi €IEKTPUIHUX MAIINH
MIOCTIHHOTO Ta 3MIHHOTO CTpyMy. Po3risHEMO Mozenb
ACHHXPOHHOI MAIMHU 13 KOPOTKO3aMKHEHHUM POTOPOM
B a0CONIFOTHUX OWHMILIX 13 i€l 0i0moTexku. 3HaK Imiel
Mozeni moka3aHo Ha puc. la. [lo Bxomie A, B, C
MKITIOYAETECS JDKEPENIO JKUBJICHHS, a Ha BXig Tm
MMOJAE€TECS ~ MOMEHT  HaBaHTaXCHHSI. Buximz m
MPU3HAYCHUN TSI BHUMIPIOBAaHHS Ta CIIOCTEPEIKCHHS
3MIHHHMX CTaHy MAallMH{. BiKHO HajamTyBaHHS MOJEINi

i3 BBEAGHHMMH B HBOTO NapameTpamH
4A100L4Y 3 nokasano Ha puc. 1 6. [3]

JIBUT'YHA

Block Parameaters: Asynchronous Maching 51 Units

asynchranois Machine (mask] (irk)
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Puc. 1. Monens acCHHXpOHHOI MaIITHU 3

KOPOTKO3aMKHEHHM POTOPOM: a — MiKTorpama; 6 —
BIKHO HaJAIITYBaHHS,

VY monsx BiKHA HaJIAIITyBaHHS 3aal0ThCS:

1) y mepmomy mom — Tun poropa (wound —
(asuuit; squirrel-cage — KOpOTKO3aMKHYTHH);

2) y IpyroMy Ioili — cucTeMa BiIJIiKy;

3) y TpeTbOMy MONIi — HOMiHAIBHI MOTYXKHICTB,
Zlito4e 3HAYCHHS Ta YacTOTa JIHINHOI HANIPyTH;

4) mapamerpu OOMOTKH CTaTopa: aKTHBHHH OIIip
Ta IHAYKTHBHICTH BiJ TOTOKY pO3CIIOBaHHI — Y
YETBEPTOMY TIOMi;

5) HaBeImeHI IO craTopa IapaMeTrpd OOMOTKHA
poTopa: axKTHBHHH OMmip Ta IHIYKTUBHICTH IOTOKY
pO3CifOBaHHA — y II'ITOMY IO,

6) y mocTomy moji — iHAYKTUBHICTh KOHTYPY, IO
HaMarHivye;

7) y ceOMOMy TIONi — MOMEHT iHepIii poropa,
KOE(IIEHT B'SI3KOT0 TePTS, KUIBKICTh Map MOJIOCIB;
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8) mouaTkoBi yMOBH (KOB3aHHS, KyT IIOBOPOTY
poropa, ctpymu (a3 craTopa, IOYaTKOBI a3y CTpyMmiB
CTaTopa) — y BOCBMOMY IOJIi.

[lpn anamizi eNeKTPOMArHiTHUX MPOLECIB Y
SNIEKTPOMEXaHIYHAX Ta CTATHYHHUX IIEPETBOpPIOBAYaX
ENIEKTPUYHOI €Heprii IIMPOKO 3aCTOCYBYETHCS METOJ
npoctopoBoro Bektopa [4, 8, 9]. IIpu Takux meromax
MUTTEBI 3HAYEHHS CUMETPUYHHUX TpU(azHUX 3MIHHHX
(Hampyry, CTpyMy, MOTOKO3YCIUICHHS) MAaTeMaTHYHO
MIepeTBOPIOIOTE B ONWH BekTop. Jlns mepexomy Bin
MUTTEBUX 3Ha4eHb JI0 MPOCTOPOBOTO BEKTOpa BCi
TprudasHi 3MiHHI 3 ypaXyBaHHSIM 3HaKa BiJIKJIaJarOTHCS
3 1OYaTKy KOOpPJIMHAT MO OCIX 1 BEKTOPHO
miACyMOBYIOTECS [9]. MaremMaTH4HI MepeTBOPEHHS ISt
MIPOCTOPOBHX BEKTOPIB HAIPYrd Ta CTPyMy OOMOTKH
craropa Tpudasznoro AJl MarOTh BUTIISL;

_.27[ 27

— _ J? J?
Ul =Ujp +Upg U =Up +UE +Uc€ =

1 3
=Up, _E(ulB +u1c)+ J?(Ulc _ulB);(l)
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27 .2

- 2 2 . I
Il:§(|1A+IlB+|1C):§(I1A+IlBe P otige ?)=

:gilA _%(ilB +ie) - j%(im —i); (2)
Koedimienr 2/3 'y piBHsgHHI (2) Ha3WBaIOTH
Koe(illieHTOM y3romKeHHs. Voro 3a3Buuail BBOIATH Yy
PIBHSIHHSL TIPOCTOPOBOTO BEKTOpa CTPyMYy 3 METOO
30epekeHHs] OanlaHCy TIOTY)KHOCTI y BHUXIAHIH Ta
nepeTBopeHiit cucremi [10].

Mera crarTi

AHami3 Ta JOCTI/DKEHHS MATEMATHYHOrO amapary
Mozeni  Tpu(pa3zHOro aCHHXPOHHOTO JBHTYHAa 3
KOPOTKO3aMKHEHUM POTOPOM Yy makeTi matlab.

BuKk1ax 0CHOBHOTO MaTepiay

Ha puc. 2 nmokazaHo cxeMy BipTyaJbHOI YCTaHOBKH
3  MOIEIIOBAaHHSI Ta npoLeciB  y
tpudazHomy AJl 3 KOPOTKO3aMKHEHUM POTOPOM.

JIOCHIJOKEHHS
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Puc. 2. Cxema BipTyaslbHOI YCTAaHOBKH 32 MOJEIIOBAHHAM Ta JIOCHIKEHHSIM TIporieciB y Tpudazanx All 3
KOPOTKO3aMKHEHHM POTOPOM.

Jo cxiamy aHami30BaHOiI YCTAaHOBKH BXOISTH TakKi
OMoKu:

1)mkepeno tpudaszHoi 3minHOI Hanpyru 0,4 kV;
50 Hz cxommoHoBaHHi 3 TPHOX ONHO(MAZHUX IKEpEN
ea, eb, ec, KokeH 3 SIKUX BUKOHAHHI Ha OCHOBI OJIOKY
AC Voltage Source i3 0i0mioTekn
SimPowerSystems/Electrical Sources;

2) BuMiproBaY 3MIiHHOI TpHU(a3HOI HANPYTH Ta
crpymy Three-Phase V-1 Measurement 3 6iGmioTexu
SimPowerSystems/Measurements;

3) 6mok Selector i3 6ibmiorexn Simulink/Signal
Routing, BcranoBnenuii Mixx Gimokamu Three-Phase V-1
Measurement i RMS.Ua, sxuii 103BOJs€ BUOpATH IS
CIIOCTEpe)KEHHS OnHY 3 (a3HUX HaIpyr CTaTopa;
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4) oOnox Voltage Measurement i 3'eTHAHHS
BUMIpIOBANEHUX OnokiB  Oibmiotekn  Simulink 13
omokamu maketr SimPowerSystems;

5) nocmimxysannii Tpudazanit A/l 4A100L4Y3,
BHUKOHAHMH Ha OCHOBI 010Ky Asynchronous Machine SI
Units i3 6i0miorexn SimPowerSystems/Machines;

6) 6110k Ms /17151 3aBJaHHS CTATUYHOTO MOMEHTY Ha
Bamy AJl, BHKOHaHMH Ha OCHOBI OJoky Step i3
6i0morexku Simulink/Sources;

7) BUMIpIOBauY  aKTHBHOI ~Ta  PEaKTHBHOI
motyxHocti P1, Ql, BUKOHaHWIT Ha OCHOBiI OJIOKY 3-
phase Instantaneous Active & Reactive Power 3
6i6mioTeKu SimPowerSystems/Extra
Library/Measurements;

8) 6mok Pa Pb Pc Qa Qb Qc, BUKOHaHMI Ha OCHOBI
omoky Display i3 6ibmiorekun Simulink/Sinks, mis
KUIBKICHOTO ~ TIOMaHHS  BHUMIPSHUX aKTHBHHX Ta
PEaKTHBHUX MOTYXHOCTEH (a3;

9) 6nok Subsystem i3 Gibmiorexn Simulink/Ports
& Subsystems, 3a JOMOMOroK SKOTO pealli3oBaHO
00YHCIIEHHS IPOCTOPOBUX BEKTOPIB HATIPYTH Ta CTPYMY
craropa AJ] Bianosiaxo 1o (1), (2);

10) Omoku I1 i Ul, BuKOHaHI Ha OCHOBi OJIOKY
XYGraph i3  Oibmiorekn  Simulink/Sinks, s
CriocTepekeHHs TroforpadiB MPOCTOPOBUX BEKTOPIB
CTpyMY Ta Harpyrd OOMOTKH CTaTopa BiJIIOBIIHO;

11) Onox Mehan, BukoHaHuii Ha OCHOBI OJIOKY

XYGraph i3  Oibmiorekn  Simulink/Sinks, s
CIOCTEPEKEHHS JIMHAMIYHOT MeXaHIYHOL
XapaKTePUCTHKY;

12) nBa ONOKM BHMIpIOBaHHS JiIOYMX 3HA4YCHb
miniiiHoro RMS. Uab ta ¢asznoro RMS.Ua nanpyr
cTaTtopa, BUKOHaHI Ha OCHOBI 010Ky RMS i3 6i0miorexu
SimPowerSystems/Extra Library/Measurements;

13) 6moxk Uz Ua Ig  KiIBKICHOTO TOAaHHS
BUMIpPIOBAaHHMX JIIOYMX 3Ha4YeHb JiHIIHOrO Ta (a3zHoi
HaNpyryd, BHUKOHAHMWA Ha oOcHOBI Onoky Display i3
o6iomiorexu Simulink / Sinks;

14) nmBa yHiBepcambHI OJOKM BHMipIOBaHHSI
3miHHMX MaiH Machines Measurement 1 1 Machines
Measurement 2 3 06ibmioreku Sim Power Systems /
Machines;

15) GIIOKH Uap Ua, Wme, ir Is, BAKOHAaHI Ha OCHOBI
610Ky Scope 3 6ibmiorekm Simulink /  Sinks,
CIOCTEPEKEHHS KPUBHX JiHIAHOT Ta (ha3HOI HAmpyr,
IIBUIKOCTI Ta ENEKTPOMArHiTHOTO MOMEHTY, CTPYMIB
poTopa Ta cTaTtopa BiAIIOBiIHO;

16) Onox BUMIipIOBaHHS AIFOYMX 3HAUYCHb (Pa3HUX
ctpymiB cratopa RMS.Is, BuKOHaHMIT Ha OCHOBi OJIOKY
RMS i3 6i6miorekn Sim Power Systems / Extra Library
/ Measurements;

17) 61mox Wwe la Ip ¢, BUKOHAHMIT HA OCHOBI OJIOKY

Display i3 6i6mioreku Simulink / Sinks, s
KUTBKICHOTO ~ TIPE/ICTABJIICHHS  BHUMIpPSHUX  3HAYCHBb
KYTOBHUH MIBHIKOCTL obepTaHHS poropa,

eJ'ICKTpOMaFHiTHOFO MOMCHTY Ta ,Z[iK)‘II/IX 3HA4YCHb

(dasuux cTpymiB i3 rosnoBHOi OiGmioreku Simulink /
Sinks;

18) nBa Gmoku Selector i3 Gibmiorekn Simulink /
Signal Routing, BcraHOBNeHI Mix Oiokamu Machines
Measurement 2 Ta ir is, sIKi JJO3BOJIAIOTH BHOpPATH IS
CIIOCTEpEeKEHHsI OAWH i3 (ha3HUX CTPYMIB craropa Ta
poTopa;

19) oOmox Powergui i3 6iOmioreku Sim Power
Systems, M0 3aCTOCOBYETHCS B JaHOMY BUMAIKy IUIS
aHaJ3y CIEKTPAJILHOTO CKJIaJy KpUBHX (ha3sHOro
HAaIpyrH Ta CTpyMy CTaTopa;

Brnokn Selector BcTaHOBJEHI B IOMOXKEHHS, IO
JIO3BOJISIFOTH ~ CIIOCTEpIraTd  ocuwiiorpamu  (ha3Hoi
Hampyrd uja (f) craropa i dasuux crpymiB iia(t)
cratopa Ta ia(t) poropa. Y Tabm 1 HaBemeHO
napaMeTpd, 10  3aJaloThCi B IIONSX  BIKOH
HaJIalTYBaHHs OCHOBHUX OJIOKIB MOyieli Ha puc. 3.

Ta6mums 1.
[TapameTpu, 110 3aMal0ThCs B MOJMAX BIKOH
HAJIAIITYBaHHs OCHOBHHX 0J0KiB Moneni Simulink.
HaitmenyBanns | HalimenyBaHHs 3HaveHHs
6HOKiB BCJIIMYUH BCIIMYUH
Ta MapaMeTpiB | Ta mapaMerpiB
Peak amplitude
) 311,127
Ea Phase (deg) 0
Frequency (Hz) 50
Sample time 0
Three-Phase V-I Voltage
Measurement measure?nent phase-to-ground
Current
measurement Yes
Step time 0,75
Ms Initial value 0
Final value 26,7
P1 Q1 Fundamental
RMS.Uab frequency (Hz) 50
RMS.Ua
RMS.Is
Machine type | Asynchronous
Mashines Rotor currents
measurementl [iaibic] et
Stator currents
fia ib ic] HeT
Machine type | Asynchronous
Rotor speed
Mashines (rad/s) or (pu) Her
measurement2 | Electromagnetic
torque (N.m) or HET
(pu)

AwmruritygHi (a30Bi 3HAYCHHS HANPYTr BH3HAYCHO
Ha mifcraBi mirounx 3HadeHb 220, a movyaTtkoBi (asu B

IMOJIAX

BIKOH HajamrTyBaHHs jokepen eb i ec

BcTaHoBjeHo piBHuMH -120° i 120°. Kinuese 3HaueHHS
Final value y Bikui namamTyBanb Omoky MS, 1o

nopiBHIOE 26,7

3HAa4YCHHIO

IS

Hw,
JIBUTYHA

BIIIIOBiga€

HOMIHAIBHOMY
4A100L4Y3.
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JUIist OCTTiPKeHHS CIIEKTPaIbHOTO cKiiaay $hasHoi i
niHidHOI Hanpyru Ha Bkiagkax General i Data history
BiKHa HalalmTyBaHb OJIOKy Uab ua HeoOXigHO
BCTAHOBHTH IapaMeTpH, HABENICHI Ha pHC. 3.

J 'uab ua’ parameters

Genesal | Dats history | T by righi chicking on aves
By

Numbe: of awes. | 2 ™ floating scope
Tare range: I"’

Tick shats: [all ]l

-} ‘uab upa’ parameters

Samplng

[Decamaton +| [20 (Geneal| Diata history T Iy ngh elcking on axes

™ Limit data pownts bo last

oK Cancel k

W Save data lo warkspace

a

Vanahle name | Scopellats

Feemat Stnuchue wih hme -

ok | Cancel | Hep speky |
6
Puc. 3. BikHo HanamTyBaHHs OJIOKY uab ua:
a — Bkiaaka General; 6 — Bxiagka Data history

Brknagku General i Data history BikHa
HanamTyBaHb ONOKY if iS 3 BBeICHMMH B HHX
napamMeTpamMH, — HEOOXiTHMUMH  JUIS  JOCIIIDKEHHS

CIIEKTPaIbHOrO CKIany (asHoro CTpyMy OOMOTKH
cratopa, HaBeJCeHI Ha puc. 4.
3 a3 DER

[ Hide messages during anaksis

" Phasor simulation

Sheady-State VVolages and Cunents

vt States Setling

Load Flow and Machine [nilislzation

Usa LT Vieveer

Impedance vs Frequency Measuement

FFT Analysis

Gmres ate repoit

Puc. 4. MeHro BikHa HanamtyBanHs 6oky Powergui —
Continuous

ITapamerpu Ui PO3PaxyHKY BCTaHOBIIIOBAINCH
yepe3 MeHo Simulation/Simulation Parameters.

BucHoBKM i nepcneKTHBH MOJATbIIHX
JOCTiNKEeHb

3a IOMOMOroOI0 3ampONOHOBAHOI MOJACTI MOXKE
OyTH TIpOBENEHO KUTBKICHMA Ta SKICHHH aHawi3
€IIEKTPOMATHITHUX Ta €IeKTPOMEXaHIYHUX MPOIECIB y
MepexXiHNX Ta BCTAHOBICHHX pEeXHMaxX poboTH,
JOCII/DKeHHsT TUHAMIYHOI MEXaHI4HOi Ta poboYmx
XapaKTEPUCTUK, aHaNi3 CHEKTPAIbHOrO CKJIaxy Ta
rozorpagiB NpOCTOPOBHX BEKTOPIB (ha3HOI HANPYTH Ta
ctpymy AJl. PosrmsiHyra Momene Moxke OytH
3aCTOCOBaHA HE TIMBbKM Tpu >KkuBIeHHI AJl Bifg

TprudaszHOro JpKepena i3 CHHYCOiJaJbHOI (OPMOIO
Hanpyrd, aje 1 TpH SKUBJIEHHI HOTro BiJ CHJIOBHX
HaITiBIIPOB1THUKOBHX MEPETBOPIOBAYIB.
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MODEL OF THREE-PHASE ASYNCHRONOUS MOTOR WITH SHORT CIRCUIT ROTOR IN
MATLAB PACKAGE
M. Sorokin, V. Huzenko, Y. Khandola
State Biotechnological University, Kharkiv, Ukraine

The presented paper examines the specifics of researching the mathematical apparatus of the model of a three-
phase AM with a short-circuited rotor in the matlab package. It has been proven that three-phase AM with a short-
circuited rotor form the basis of a modern electric drive in many branches of industry, agro-industrial complex and
transport. A model was developed in the matlab package, which describes the operation of a frequency-regulated
electric drive, taking into account theoretical analysis and experimental studies. In the scientific work, the task of
combining mathematical modeling and modern computer technologies, which are based on application packages, is
fulfilled, which gives the researcher the opportunity to deeply study the processes that occur in all links of the
electric drive. With the help of the proposed model, quantitative and qualitative analysis of electromagnetic and
electromechanical processes in transient and established modes of operation, research of dynamic mechanical and
operational characteristics, analysis of spectral composition and hodographs of spatial vectors of phase voltage and
current of an AM can be carried out. The considered model can be applied not only when powering an
asynchronous motor from a three-phase source with a sinusoidal form of voltage, but also when powering it from
power semiconductor converters. The scheme of a virtual installation for modeling and researching processes in a
three-phase AM with a short-circuited rotor was developed in the work. The analyzed installation includes the
following blocks: three-phase AC voltage source, three-phase AC voltage meter, Selector block, Voltage
Measurement block, three-phase AM under investigation, static torque assignment block, active and reactive power
meter, Subsystem block. An analysis of electromagnetic processes in static and electromechanical converters of
electrical energy was carried out using the spatial vector method, which has found wide use. With the help of
software packages, instantaneous values of symmetrical three-phase variables such as voltage, current, flux linkage
were mathematically transformed into one vector.

Keywords: Computer modeling, three-phase asynchronous motor, hardware and software complex, Matlab,
frequency-regulated electric drive.
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