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MO HINH HOA BONG CO' KHONG DONG BO BA PHA
CO XET BEN SU THAY BOI CUA CAC THAM SO BONG CO

MODELLING OF THE THREE-PHASE INDUCTION MOTOR WITH CHANGES IN MOTOR PARAMETERS

Pham Van Tudn®, Nguyén Quang Thuén?,

Nguyén Thanh Long?*, Nguyén Minh Thu!, Nguyén Anh Tudn*

TOM TAT

bong co dién khong dong bo ba pha duge st dung rong réi trong cong
nghiép. Van dé nghién ctru vé digu khién véc to dong co khdng dong bd cting nhu
anh hudng cla cac tham sb ddng co dén bd diéu khién nay la mgt phan quan
trong trong truyén déng dong co xoay chiéu. Do d6, viéc md hinh héa dong co cd
xét d€n sur thay doi clia cac tham s6 1a mdt van dé rat can thiét. Bai baonay mo ta
mot md hinh tng quat ctia dong co khong dong b ba pha trén co s st dung
phan mém Matlab/Simulink quan sat si thay ddi cac tham sG clia dong co trong
qua trinh lam viéc. Chi tiét xay dung clia cac mo hinh phu khac nhau cho dong co
khdng dong b da duoc chi ra. Mt dong co cd cong sudt 2HP durgc dua ra dé md
phong kiém chitng mo hinh da duoc xay dung.

Tir khoa: Bong co khdng dong bo, matlab/simulink, md hinh ddng co' khong
dong bo.

ABSTRACT

Three-phase induction motors have been widely used in industry. In
addition, the study of induction motor vector control as well as the influence of
induction motor parameters on induction mator controller is an important part
of the research on AC mator drive. Therefore, modeling of induction motor is
significant in the AC motor drive. This paper describes a generalized model of the
three-phase induction motor and its computer simulation using
Matlab/Simulink. Constructional details of various sub-models for the induction
motor are given and their implementation in simulink is outlined. Direct-online
starting of a 2 HP induction motor is studied using the simulation model.

Keywords: Induction motor, matlab/simulink, induction motor mathematical
models.
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1.GIOI THIEU

Viéc m6 hinh héa va mé phéng dong co khdng déng bd
ba pha déc biét quan trong béi trong qua trinh lam viéc cla
dong co, cac tham s6 nhu dién tré stato va roto ludn thay
d6i, do d6 anh hudng dén cac tham sb khac clia dong co

nhu; dong dién, dién 4p, md men dién tir va téc do cla
dong co. Mat khac viéc mé hinh héa dong co cling rat can
thiét cho nghién ctu diéu khién véc to déng co khong
dong bd.

Bai b&o nay gidi thiéu phrong phap mé hinh dong luc
téng quat, sau do sir dung phan mém Matlab/Simulink mo
phdng quan sat s thay doi cac tham so clia dong co trong
qua trinh lam viéc.

2. MO HINH BONG LUC TONG QUAT CUA BONG CO
KHONG DONG BO BA PHA

M6 hinh dong luc tong quéat clia dong co khdng doéng
b6 bao gom céc ndi dung dudi day.

2.1. M6 hinh chuyén d6i V., sang V,, gan voi stato

Mb hinh bién d6i dién ap 3 pha sang 2 truc d-q gan véi
stato clla dong co khéng déng bé duoc thé hién trong hinh
1. Bién déi dién &p 3 pha sang 2 truc d-q gan véi stato duoc
hoan tat st dung theo phwong trinh dwgi day (bién doi
Clark thuan) [1,2]:
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O day V, Vy, va V. 1a dién ap 3 pha stato, trong khi d6
V4 Va Vg, 1a cac thanh phan doc truc va ngang truc cda véc
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Hinh 1. M hinh bién d6i dién &p 3 pha sang 2 truc d-q gan véi stato clia
dong co khong dong ho
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2.2. M6 hinh tinh toan tir thong trong hé toa dé d/q gén
V@i stato

M6 hinh tinh toan tir théng trong hé d/qg tinh nhw hinh
2. Tir thdng stato va ro to trong hé toa dd d/q gén voi stato
duoc tinh toan nhu sau:

TUr hé phuong trinh dién ap [2]:

S dt S’s

[ (2)
O=ﬂ+Rrir+(@r xX\¥,)
dt

Bi€én d6i hé phuwong trinh (2), ta co:

\Psd = I(Vsd - Rsisd )dt
W, = [ (V=R )t 3)
\Prd = J‘(_O‘)r\yrq - Rrird)dt
\Prq = J‘(mr\yrd - Rrirq)dt
>
shisd
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Hinh 2. M& hinh tinh todn tir thdng trong hé d/q tinh

2.3. M6 hinh tinh toan dong dién trong hé toa do d/q
gan vai stato

K& thira phwong trinh ctia mé hinh tham chiéu [3]:

¥, =LL—fU(Vsd—Rs iy )dt—Li |

¥, =||:—;U(Vsq—Rs i, )dt-Li, |
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Ta ¢ thé viét (4) thanh phwong trinh nhu sau:
s LI’ ., T [
\Pr =E|:J.(Vs _Rs Is)dt_l‘sls:| (5)

. 12 s aa .
Trong do: L, =L, —L—”‘:OLS- goi la dién cdm qua dd
2
clia stato, v6i o =1-—"-,

L.L,
T (2) tacéd duoc:
d(;};s LV RL (6)
Thay (6) vao (5):
L ()

¥ L[]

Tl (7) ta suy ra dwgc hé phwong trinh cho mé hinh dong
dién stato:

. L 1
i =V, - )~
sd ( sd L, rd)L
. L, 1
o= T

r S

S

Tuong ty, tir [2] da c6 hé:

V=L +L,i
{?,=L,E+Lmi ©)
Bién d6i hé phuwong trinh (9) ta dwoc:

. L., 1
g = (\Prd _L_\{jsd )L_
. L1
Irq = (\Prq _L_\Psq )L_

S r

(10)

2
Trong do: L, =L, —LL—m:cer la dién cAm qua do cla rd
to. K&t hgp hé phuwong trinh (8) va (10) ta dwgc hé phuong
trinh moé td md hinh dong dién dong co khdng dong bd
trong hé toa dd d/q gan véi stato (hinh 3) nhw sau:
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Hinh 3. M& hinh tinh toén dong dién trong hé d/q tinh
2.4. M0 hinh tinh toan dong dién abc

M6 hinh tinh toan dong dién abc duoc thé hién trong
hinh 4. Sir dung bién d6i Clark nguoc [2] ta co:
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Hinh 4. M& hinh tinh todn dong dién abc
2.5. M6 hinh mé men dién tlr va m6é men co

Trén co s& mo6 hinh tinh toan m6é men dién tr va co, ta
sé xay dyng dwgc md hinh tinh toan téc do cla roto cla
dong co (hinh 5).

Ké thira phuong trinh tinh mé men dién tir clia dong cof2]:

Te = 3?pl‘m(irdif;q - irqisd) (13)
p: s6 dbi cuc.

T phuong trinh; J% =T,-T,

:cor:J.Te—;TLdt

D10

Gain2  Integrator

Hinh 5. M@ hinh tinh toan toc do roto

3. KET QUA MO PHONG

Phan mém Matlab/Simulink dwoc st dung dé moé phong
mo hinh dong co khéng dong bd ba pha. Cac théng s6
dong co duoc str dung cho qua trinh md phéng nhu trén
bang 1.

Bang 1. Thdng s6 clia dong co md phéng

T Thong s6 Giatri

1 | Cong sutdinhmic (P,) 2HP

2 | Diénéapdinhmuc (E,) 220V

3 | Dong dién dinh mic (1) 4A

4 | Tans6 dinh mic () 50Hz

5 | Diéntrd stato(R,) 10Q + 150
6 | Diéntrdroto(R) 6,30 +10,3Q
7 | Diéncdmstato(L,) 0,46H

8 | Diéncdmrito(L) 0,46H

9 | Hocam(L,) 0,42H
10 | M&menquan tinh (J) 0,03kgm?
11 | S6euce(p) 4

13 | Mo mentai (M) 4,5Nm

Sau mot s6 phép thi véi cac gia tri khac nhau cua
khoang thoi gian Idy mau, gia tri cudi cing duoc chon 1a
0,00001 giay. Cac md phéng sé quan sat bién do cla dién
ap nguon, bién dé cta dong dién stato, mé men dién tir va
téc do dong co véi gia thiét dién trd stato thay déi tir 10Q +
15Q (hinh 6), con dién tré roto thay doi tir 6,3Q + 10,3Q
(hinh 7). B6i véi dong co roto 16ng soc, trong qua trinh lam
viéc, dién trd stato co thé thay doi 50%, con dién trd roto co
thé thay doi 100% so vai gia tri dién tré danh dinh [4]. Do
do, cac tac gia da tién hanh moé phéng, quan sat quan sat
bién d6 cla dién &p ngudn, bién dé clia dong dién stato,
mod men dién tlr va tdc dé dong co theo su thay dién tré
stato va roto trong dai ké trén.
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Hinh 6. Dién trd stato
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Hinh 7. Dién trd roto
K&t qua mod phéng bién do clia dién &p ngudn, bién do
clia dong dién stato, md men dién tir va téc dé doéng co
dugc thé hién twong (ing trong cac hinh 8, 9, 10, 11.
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Hinh 8. Bién dg clia dién dp ngudn
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Hinh 10. M6 men dién tir
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T hinh 6 dén 11 ta théy rang, cac théng s6 dong dién,
mo men dién tir va tdc do clia dong co déu thay d6i khi
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dién tré stato va roto bién thién trong qua trinh lam viéc.
Viéc nhan dang céc si thay d6i nay theo su bién thién cla
dién tré stato va roto la hét stec can thiét dé cac bo diéu
khién dong co khéng dong bd théng dung nhu bd diéu
khién tua tir théng roto FOC (Field Oriented Control), bd
diéu khién truc ti€p mo6 men (DTC-Direct Torque Control)
va dac biét la bd diéu khién dy bao (MPC-Model Predictive
Control) lam viéc chinh xac.
4. KET LUAN

Bai bdo da trinh bay phuong phap mé hinh déng luc
téng quat dong co khéng ddng bd ba pha l16ng séc cd xét
dén su thay doi cua dién trd stato va roto trong qua trinh
lam viéc. Trén co s& phuong phap nay, cac tac gia da thuc
hién md phong quan sat, nhan dang su thay déi ctia dong
dién, mé men dién tlr va toc do clia dong co déu thay dai
khi dién tré stato va roto bién thién trong qua trinh lam
viéc. Hréng nghién clru ti€p theo clia nhom tac gid sé st
dung mé hinh nay két hgp véi phuong &p danh gia woéc
lvong dé xem xét, danh gia duoc si dnh hudng cla cac
tham s6 déng co dén qua trinh diéu khién dong co theo
cac phuong phap khac nhau nhu DTC, FOC va MPC.
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