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ELEKTR DVIGATEL ROTORINING DINAMIKASINI MATLAB
SIMULINK MUHITIDA MODELLASHTIRISH

MOJAEJIUPOBAHUE IMUHAMUKHU POTOPA JSJIEKTPOIBUI'ATEJISA B
CPEJIE MATLAB SIMULINK

MODELING THE DYNAMICS OF AN ELECTRIC MOTOR ROTOR IN THE
MATLAB SIMULINK ENVIRONMENT

Niyazova N.A. katta o ‘qituvchi
Toshkent to ‘gimachilik va yengil sanoat instituti

Annotatsiya. Ushbu magolada elektr dvigatel rotori dinamikasining matematik
modeli ishlab chiqgilib, uning ishlash jarayoni Matlab/Simulink muhiti orqali
modellashtirilgan. Tadgiqot davomida rotorning aylanishi, unga ta’sir etuvchi
elektromagnit moment, ishgalanish kuchlari hamda dempferlash koeffitsientining
ta’siri o ‘rganilgan. Nyutonning aylanish harakati tenglamalari asosida differensial
tenglamalar tuzilib, Simulink bloklari yordamida vizual model vyaratildi.
Modellashtirish natijalari rotorning burchak tezligi va burchak holatining vaqt
bo ‘yicha o ‘zgarishini ko ‘rsatib, modelning real jarayonga yaginligini tasdigladi.
Shuningdek, boshlang ‘ich shartlarning o ‘zgarishi rotor harakatiga ganday ta’sir
ko ‘rsatishi grafiklar orgali tahlil qilindi. Tadqgiqot natijalari elektr mashinalari
dinamikasini o ‘rganish, boshqaruv tizimlarini loyihalash va ularning samaradorligini
oshirish uchun amaliy ahamiyatga ega.

Kalit so‘zlar: rotor, dinamik model, Simulink, aylanish momenti, dempferlash,
elektr mashina.

Annomauun. B oOannoii cmamve paspabomana mamemamuieckas Mooeib
OUHAMUKU POMOPA NIEKMPUYECKO20 08USAMeNsl U BbINOJHEHO MOOEIUPOBAHUE €20
pabomwr 6 cpede Matlab/Simulink. B xo0de uccnedosanus usyueHvl npoyeccwl
8pawjenus pomopa, Oeucmeyiouull HaA He20 INeKMPOMASHUMHBIL MOMEHM, CUJIbL
MpeHuss, a makace uusaHue Kodgpuyuenma demnguposanus. Ha ocnose ypasnenuii
gpawiamenvHozo ogudicenus Hvromona cocmaenenvl ouggepenyuanvrvle ypasHenus,
u ¢ ucnoavzosaruem 6a0ko8 Simulink cozoanma eusyanvras moodens. Pezynvmamol
MOOENUPOBAHUS NOKA3AIU USMEHeHUe Y2l0BOl CKOPOCU U Y2l08020 NONONCEHUS]
pomopa 80 pemMeHU, 4mo NOOMEEPOULO NPUOTUNCEHHOCIb MOOelU K DedlbHOMY
npoyeccy. Kpome mozo, npoananu3upo8ano iusHue usmeHeHus Ha4aibHulX YCio8ull
Ha 08UdICEHUe POMOpPa ¢ NOMOWbIO epaguieckux pe3yibmamos. IlonyuenHnuvle 66160061
UMeom npaKkmuyeckoe 3HayeHue 01 U3yYeHUus OUHAMUKU DNeKMPUYECKUX MAULUH,
NPOEKMUPOBAHUS CUCTEM YNPABTIEHUs U NOBbIULEHUS UX P pekmusHocmu.
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Kntouesvie cnosa: potop, AuHaMHueckas Mojenb, Simulink, KpyTsuuii
MOMCHT, ,Z[CMH(I)HpOBaHI/IC, QJICKTPUYCCKAas MallrHa.

Abstract. This article presents the development of a mathematical model of the
dynamic behavior of an electric motor rotor and the simulation of its operation in the
Matlab/Simulink environment. The study examines the rotor’s rotational motion, the
electromagnetic torque acting on it, friction forces, and the effect of the damping
coefficient. Based on Newton’s equations of rotational motion, differential equations
were formulated, and a visual model was created using Simulink blocks. The simulation
results demonstrate the time-dependent changes in the rotor’s angular velocity and
angular position, confirming the model’s closeness to real physical processes.
Additionally, the influence of initial conditions on the rotor’s motion was analyzed
through graphical outputs. The findings have practical significance for studying the
dynamics of electrical machines, designing control systems, and improving their
efficiency.

Keywords: rotor, dynamic model, Simulink, torque, damping, electric machine.

B II&HHOI?I CTaTheC pa3pa60TaHa MaTeMaTU4dICCKasd MOACIb AWHAMHUKH POTOpa
QJICKTPOABUI'ATCIIA U BLIIIOJIHCHO MOACIHUPOBAHHUC CTO pa60qer0 mponccca B Cpcuac
Matlab/Simulink. M3y4eHnsl mpouecchl BpallleHus: poTopa, BO3AEHCTBYIONIME HA HETO
MOMCHTBI, @ TaKXC BJIMAHHUC CHJI TPCHMHA. CoriacHo IMOJIYYCHHBIM pPE3yJIbTaTaMm,
IIPOaHAIN3UPOBAHBI U3MEHEHHSI CKOPOCTH U YIIIOBOM CKOPOCTH POTOPA BO BPEMEHH.
JlokazaHo, 4TO MOJeib, MOCTPO€HHass B cpene Simulink, momHOCTBIO OTpaxkaeT
peaJIbHBIN ITpoLECC.

KitoueBble cioBa: poTop, AWMHAMHUYEcKas Mojaenb, Simulink, kpyTsmii
MOMEHT, IeMI(pUPOBAHKE, FICKTPUUECKAs MAIITUHA.

In this article, a mathematical model of the dynamic behavior of an electric
motor rotor is developed, and the operational process is simulated in the
Matlab/Simulink environment. The study examines the rotor’s rotation processes, the
acting torques, as well as the influence of friction forces. Based on the obtained results,
the changes in the rotor’s speed and angular velocity over time are analyzed. It is
demonstrated that the model built in the Simulink environment accurately reflects the
real process.

Keywords: rotor, dynamic model, Simulink, torque, damping, electric machine.

Elektr dvigatellarning barqaror ishlashi rotorning mexanik holati va unga ta’sir
etuvchi tashqi momentlarga bog‘liq. Rotorning aylanish jarayonini aniq matematik
model asosida o‘rganish dvigatelni boshqarish, stabilizatsiya qilish, energiya
samaradorligini oshirish kabi vazifalar uchun muhim ahamiyatga ega. Matlab
dasturining Simulink moduli bu jarayonlarni vizual tarzda modellashtirish va tahlil
qgilish imkonini beradi.
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Matlab (Matrix Laboratory) — tehnologik hisoblarni yechish uchun
mo’ljallangan bir qator dasturlar majmuasidir. Simulink — MATLAB dasturining tizim
osti hisoblanib, bu dinamik tizimlarni blokli imitatsion modellashtirish tizimidir.
Simulink modellashtirish vositalari MATLAB ning dasturaviy vositalariga asoslanadi,
shu bilan birga u MATLAB tilidan foydalanmagan holda qo’llanilishi va grafik
ko’rinishida standart bloklalar yordamida modellar yaratish imkoniga egadir [1].

Murakkab masalalarni samarali yechishda asosiy elementlardan biri bu— qo’llash
uchun qulay ko’rinishdagi modelni qurish va uni muvofiq ishlatish. Model bu —ob’ekt
yoki sistemaning real mavjudligidan fargli ravishda bir gqancha ko’rinishlardagi
tasviridir. Model turli xil formada va turli darajadagi matematik ko’rinishlarda bo’lishi
mumkin. Model qurishning murakkablik darajasi, uni ganday ishlatilishini
rejalashtirish orgali aniglanadi.

Modellashtirishning asosiy bosqichlari: modelning tavsiflanishi; elementlar
modelini matematik tavsiflash tenglamasini ishlab chigish; tenglamalarni hisoblash
dasturlarini ishlab chiqish; tashqi ta’sir qiluvchi omillar imitatsiyasi; EHM da
hisoblashlar va ro’yhatdan o’tkazish, modelning adekvatligini tekshirish; variantlarni
ko’rib chiqish hisobiga sistemani optimal sozlanmalari ko’rsatkichlari aniglanadi.

Dvigatel rotorining fizik va matematik modellari qurib olindi. Fizik model deb
—real ob’ektning xususiyatlarini yoki xarakterini 0’zida mujassam etgan fizik qurilma
yoki maketga aytiladi. Matematik modellarni real ob’ektning xususiyatlarini
ifodalovchi kattaliklar to’plami ko’rinishida tasvirlash mumkin [2].

Rotorning fizik modelini tuzib olamiz. Rotor radiusi r, massasi m bo‘lgan silindr
ko‘rinishida tasavvur qilinadi. U o‘q atrofida erkin aylanadi va unga ikki asosiy
moment ta’sir etadi:

1. M(t) — dvigatel hosil bo‘ladigan elektromagnit moment.

2. M¢=-b® - ishqalanish va havo qarshiligi hisobiga hosil bo‘ladigan

tormozlovchi moment.

bu yerda:

® — rotorning burchak tezligi;

b — dempferlash koeffitsenti.

Rotor uchun inertsiya momenti:

J :%mr2 (1)
Rotorning matematik modeli. Nyutonning aylanish harakati tenglamasiga
asosan:
dw
J-—=M(t)-b 2
2 _M()-bo 2

Bunga asoslanib burchak tezlik:
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do 1

E—F(M (t)-bow) (3)
Burchak holati esa:

do

Y )

Model ikki differensial tenglamadan iborat bo‘lib, Simulinkda Integrator
bloklari orgali amalga oshiriladi.

Model ikki differensial tenglamadan iborat bo‘lib, Simulinkda Integrator
bloklari orgali amalga oshiriladi.

m =0.5; % kg

r=0.05; % m

J =0.5*m*r"2;

b=0.02; % dempferlash

M=0.1; % elektromagnit moment (N*m)

Matematik modelga ega bo’ldik, endi modellashtirish jarayoniga o’tamiz.

Simulink kutubxonasini ishga tushiramiz. Yangi model tanlanib, unda Simulink
kutubxonasi ochiladi. Simulink kutubxonasi 0’zida ba’zaviy va qo’shimcha bloklarni
mujassam etgan. Ushbu bloklardan foydalanib quyidagi sxema quriladi:
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"% Function Block Parameters: integrator >
Integrator
Cantinuous-tima intagration of tha input signal.
Paramatars

Extarnal rasat! | nona -

Initial condition source: | internal
Initial condition:

El

|| Limit cutput

Uppar saturation limit;

Lowar saturation lmit:

[ Show saturation port

[ show state port

Absolute talaranca

[auto

|| Ignare limit and reset when linearizing
=] Enable zero-crossing detection

State Mame: (s8.q., 'position’)

7 cancal Halp PRl

Jarayonni modellashtiramiz. Natijada osillografda grafik hosil bo’ladi.
Grafikdan ko’rinib turibdiki natija O ga teng (2-rasm). Chunki ©6=0 ga teng burchagida
turg’un bo’lmagan muvozanat holatida bo’ladi va u bunday holatda unga tashqi ta’sir
etilmaguniga gadar o’z holatini 0’zgartirmagan holatda turishi mumkin.

3-rasm
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Jarayonni faollashtirish uchun uni mayatnikni kichik giymatdagi © burchakga
og’diramiz va qolgan ishni gravitatsiyaga qo’yib beramiz. Buning uchun integrator
sozlamariga kirib burchakning boshlang’ich qiymatiga 0.01 radian ga o’zgartiramiz (4-
rasm). Hosil bo’lgan grafikni tushunarli qilib kuzatishimiz uchun modellash vaqtini
100 s ga va hisoblagich sozlanmasiga kirib integrallashning maksimal gadamini Max
step size: 0.01 ga qilib o’zgartiramiz, natijada quyidagi grafik hosil bo’ladi:

Seop nme

4-rasm.
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5-rasm
Model grafigini qurib oldik. Bu grafikda Tools ga kirib Edit plot ni tanlab
sozlash amallarini bajarish mumkin. Hosil bo’lgan natijada File Generate

Code...amali bajariladi va saqlanadi. Modeldan olingan natija huddi real ob’ektda
jarayon qanday sodir bo’lsa shunday ko’rsatgichda bo’ladi.

Xulosa qilib shuni aytish mumkinki, real bir ob’ekt va uning Matlab dasturida
yaratilgan modelining ishlash prinsiplari bir hil ekanligi isbotlandi. Ana shunday
zamonaviy dasturlar yordamida real ob’ektlarda sodir bo’ladigan jarayonlarni
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ob’ektning modeli yaratilgan holda uning jarayonini simulyatsiyasini kuzatish
mumkin. Ob’ekt yoki biron bir jarayon murakkab vaziyatlarda o’zini ganday tutishini
uning modelida kuzatish va shu bilan birga hozirgi kunda ishlab chigarish jarayonlarida
vaziyatning ganday borishini tahmin qilish imkonini beruvchi Matlab dasturi
muhandislar uchun keng imkoniyatlar ochib bermoqda.
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