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biéu khién @ong co khdng dong bd dung mé hinh néi va

mang hoi quy

Control of Asynchronous Motor Using Internal Model and
Recurrent Neural Network

Luu Hoang

Truong Pai hoc Ba Ria-Viing Tau

Email tac gia lién hé: [hoangl@bvu.edu.vn]

THONG TIN

TOM TAT

Ngay nhan: 04/10/2023
Ngay nhan lai: 15/11/2023
Duyét dang: 7/5/2024

Tur khoéa:

Pong co khong dong bo; dong
co 3 pha; diéu khién dung md
hinh ndi; mang no ron héi quy;
diéu khién dong co.

Keywords:

Asynchronous motor; 3 phase
motor; internal model control;
recurrent neural network; motor
control.

Dbong co dién khong dong bd chlem ti 1¢ lon trong cong
nghiép do no c6 nhiéu uu diém nodi bat nhu: gia thanh thap,
dé str dung, bao quan don gian, chi phi van hanh thap... Tuy
nhién do tinh phi tuyén cia md hinh dong hoc cia dong co,
viéc xay dung giai thuat diéu khién bao dam dong thoi chat
luong danh dinh va tinh bén viing d6i véi sai sé6 mo hinh la
mot van dé phuc tap va da duoc nhiéu nha nghién ciu quan
tAm nham tim ra giai phap toi uu cho nganh cong nghiép ciing
nhu g dung ctia n6 trong doi sdng cho hién tai va twong lai.
Trong khuén khé cua bai béo nay, toi gidi thiéu phuong phap
diéu khién dong co khong dong bo bang md hinh noi két hop
mang hoi quy. Trong d6, mang hdi quy dung dé udc luong tir
thong rotor ciia dong co phuc vu cho hé thong diéu khién
dung mo hinh ngi.

ABSTRACT

Asynchronous motors occupy a large proportion in
industry because they have many outstanding advantages
such as: low price, ease of use, simple maintenance, low
operating costs... However, due to the linearity of the engine's
dynamic model, building a control algorithm that
simultaneously ensures nominal quality and robustness to
model errors is a complex problem. In this article, I introduce
the method of controlling asynchronous motors using a
recurrent network internal model. In particular, the regression
network is used to estimate the rotor flux of the motor to serve
the control system using the internal model.

1. Giéi thi¢u

Trong san xuat cong nghiép hién dai, dé nang cao nang suat, hiéu suat s dung cua
may, nang cao chat luong san pham va cac phuong phap ty dong hoa day chuyen san xuat
thi hé thong truyen dong dién co diéu chinh tdc do 1a khong thé thiéu. Vi vay nhiéu loai dong
co dién di duoc ché tao va hoan thién cao hon. Trong d6 dong co dién khong dong bo chiém
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ti 1& 16n trong cong nghiép, do nd c6 nhiéu wu diém ndi bat nhu: gia thanh thap, dé st dung,
bao quan don gian, chi phi van hanh thap.

Ngay nay, do tmg dung cua tién bd khoa hoc k¥ thuat dién tir, sy phat trién cta cong
nghiép, k¥ thuat tu dong hda va moi sinh hoat ciia nhan dan ma pham vi str dung dong co
khong dong bd rong rai hon.

Trong thuc té, dé dap tmg yéu ciu san xuit, lam viéc cta cac nha may, phan xudng
v6i yéu cau diéu chinh toc d6 dong co & mot pham vi nao do. Diéu chinh tdc d6 dong co la
cac phuong phap diéu chinh nhan tao nhdm thay d6i toc do cua hé théng, cia co cdu san
xuat theo yéu cdu cong nghé.

Tuy nhién do tinh phi tuyén ciia md hinh dong hoc cua dong co, viéc xay dung giai
thuat diéu khlen bao dam ddng thoi chat luong danh dinh va tinh bén ving dbi voi sai 6 md
hinh 12 mot van dé phuc tap va da dugc nhiéu nha nghién cru quan tim nhim tim ra giai
phap t6i uu cho nganh céng nghiép ciing nhu tng dung cia n6 trong doi sdng cho hién tai
va tuong lai.

~ C6 nhiéu phuong phap diéu khien dya vao mé hinh phi tuyén cia dong co nhu: diéu

khién truot, dicu khién tuyen tinh hoa vao ra, dieu khién thu dong, di€u khién dung md hinh
noi phi tuyen... Trong khudn kho cua bai bao nay, t0i gidi thiéu phuong phap diéu khién
dong co khong dong bo 3 pha bang mo hinh noi két hop mang hdi quy. ‘Trong d6, mang hoi
quy ding dé uéc luong tir thong rotor ciia ddng co phuc vu cho hé théng diéu khién dung
mo hinh noi.

2. M6 hinh toan dgng co' khong dong bd 3 pha®

2.1. M0 hinh dgng co khéng dong bg trong h¢ toa dg dq

Mo hinh trang théi cia dong co khong dé)ng bd trong hé toa d§ dq dugc cho bai céac
phuong trinh sau:

doilstd =—ajiy + o, +ay,, +a,0p,, +a,U, 1)
O:;_Stq = -0,y — Ay, — B0V + AW, +a,U, )
% =85l ~ Ay + (@, — Dy, 3
L7, ©
0o, -T) (5)
T, =2, (wrdiSq - y/rqisd) (6)

l//r = '\“//rd2 + l//rqz (7)

@ Ngudn: Duong Hoai Nghia, Nguyén Vian Nho, Hong-Hee Lee (2007). Control of induction motor using
IMC approach. ICPE’07 Conference in Daegu, Korea (trich dan lai)
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2.2. Mé hinh déng co khéong dong bé trong hé toa dp off

Mo hinh trang thai ciia dong co khong déng bd trong hé toa do aff duoc cho boi cac
phuong trinh sau:

disa _ .

at —Qqlgqg T azl/)ra + a3wl/)rﬁ + AQulUsq
disg ,

a —aqlgp t azlprﬁ — A3Wrg + AuUsp
AYrq

ar Aslisq — AsPrq — wl/)rﬁ

ayp .
dtr[f = Qslgp — asl/)rﬁ + WP

d
—=a;(T, —T0)

T, = a6(isﬁlpr0{ - isalprﬁ)

Y, = /I/Jrza + 1l

2.3. M6 hinh mé phéng dong co khong dong bg ba pha

(8)
9)
(10)
(11)
(12)
(13)

(14)

Ttr cac phuong trinh ctia mé hinh trang thai cua dong co khong dong bo trong hé toa

alfa-beta ->abc

IsAlfa L@ |_b

alfa
1 lanfa

b
lheta plosta o

<

F

d6 op, ta xay dung dugc so d6 simulink mé phong dong co khong dong bd ba pha nhu Hinh

labc

D,

Uabe

\TLAB

Fialfa

g Function

FirBeta

»( 2 )

IFil

»( 6 )

Fibeta

Hinh 1: So d6 simulink dong co khong dong bd ba pha
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3. Piéu khién déng co khéng dong b ba pha ding mé hinh n$i®

IMC

x FILTER

INVERSE

usd

Ug,

g

lTL

» INVERTER

MODEL

INDUCTION

MOTOR

PROCESS

)\
AN

MODEL

5 4

Hinh 2: Hé thong diéu khién dung mé hinh noi

Hé thdng diéu khién md hinh ndi duoc trinh bay ¢ Hinh 2. Trong d6 m6 hinh thuan
(process model) Ia md hinh toan hoc cua hé thong bao gom bo nghich luu va dong co khong
dong bo. Cac tin hiéu vao dieu khién cuaa mé hinh thuan la: usq, Usq Va ws. Cac tin hiéu ra caa

mo hinh thuan la ¥, va ®. Néu md hinh thuan chinh xac va dong co lam viéc khong tai (Tv
= 0) thi tin hi¢u ra cia mo hinh thuan trang véi tin hi¢u ra cia dong co: ¥r =¥ vaw=w
MO0 hinh nguoc (reverse model) la nghich dao cua mé hinh thuan. Cac tin hi¢u vao

diéu khién ciia mé hinh nguoc la v, va . Cac tin hiéu ra cia mo hinh nguoc 13: Usg, Usq Va
os. Néu md hinh nguoc chinh xac, tin hiéu vao cia md hinh nguoc trung vai tin hiéu ra caa

m6 hinh thuan.

Hé théng diéu khién dong co ba pha khong dong bd dung mé hinh ndi voi b quan sat

tir thong rotor dugc mo ta nhu Hinh 3:

ref @
7@ o] e
1 Y0O-%| FILTER
- A

H | B

A 4

Y

INVERSE
MODEL

lTI.

» INVERTER

| INDUCTION

MOTOR

ROTOR FLUX
ESTIMATOR

PROCESS
MODEL

Hinh 3: Hé thong diéu khién md hinh ndi vai bo quan sat tir thong rotor

() Nguon: Duong Hoai Nghia, Nguyén Van Nho, Hong-Hee Lee (2007). Control of induction motor using
IMC approach. ICPE’07 Conference in Daegu, Korea (trich dan lai)
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4. Uéc lwgng tir thong ding mang hdi quy

Dé udc luong tir thong rotor, ta dua vao mé hinh sau:

x(K)

\ 4

f(x) e
() T

A\ 4

g(x) >(x
y(k)\l/—

Hinh 4: M6 hinh huén luyén tir thong ding neuron

> y(k+1)

Dé hudn luyén tir thong theo mé hinh trén, ta st dung mang hdi quy Narxnet c6 ciu
tric nhu Hinh 5:

Hidden

Hinh 5: M6 hinh mang Narxnet huan luyén bo uéc lugng tir thong

Sau khi huén luyén tir thong ta c6 duoc két qua nhu Hinh 6:

Mean Squared Error {mse)

Best Validation Performance is 5.6465e-008 at epoch 95

= Train
10 Validation
Test
------- Best
10° |
107
1w
105}
________ P
'1[]-3 E 1 1 1 1 1 T T T T T
0 10 20 30 40 50 B0 70 80 90 100
101 Epochs

Hinh 6: Két qua huin luyén bo udc luong tir thong

o Tu két qua sau khi hun luyén tir thong ta c6 dugc bo ude luong tir thong dung mang
hoi quy Narxnet nhu Hinh 7:
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NARX Neural Network - Closed Loop

FiN
Subsystem

Hinh 7: B udc lugng tir thong dung mang Narxnet
5. Két qua mé phéng mé hinh diéu khién
5.1. So do mé phong simulink

- H¢ thdng diéu khién dong co khong ddng bd dung mo hinh ndi két hop mang hdi quy
dé udc lugng tir thong rotor c6 so d0 md phong nhu Hinh 8:

Inverter Induction Motor

IMC Filter  Inverse Model

Ref

?

Wref

=
:

Process Maodel £

MNeuron
Flux Estimator

Hinh 8: So d6 diéu khién dong co ding mé hinh ndi két hgp mang hoi quy

Trong d6 khdi Neuron Flux Estimator 13 khéi uwdc luong tir thong dung mang hdi quy
Narxnet.

5.2. Thong so diéu khién
B6 diéu khién duoc thiét ké véi cac thong sé ciia mé hinh nhu sau:

- Pién tro stator R, = 1.177.0
- Pién tro rotor R, = 1.38202



- Bién cam stator L, = 0.119H

- Pién cam rotor L, = 0.118H

-Hbécam L, = 0.113H

- S6 ddicuc P =2

- Momen quéan tinh / = 0.00126K gm?

Thong sb caa bo diéu khién duoc chon sao cho dap tmg qué d¢ danh dinh cua toc do
dong co o va tir thong y ¢6 dang cia kh&u quan tinh bac 1 véi thoi hang vao khoang:

- Thai hang téc do 7, =0.15s

- Thoi hing tir thong 7, =0.055

Twong ting v&i thoi gian dap (g (95%) cua tde d va tir thong lan luot 1a: 37, =0.45s
va 3z, =0.15s.

Thoi hang cua cac khau dao ham dugc chon Ty = 0.1ms.

B6 udce luong tir thong rotor dugc xac dinh vai Ko = 10.

Trong cdc m6 phong, dong co dugc khoi dong tai thoi diém t=0s dén toc do o = 150
rad/s. Tai thoi diém t = 1s, momen tai T = 3.5 Nm Xuat hi¢n. Tai thoi diém t = 1.5s, dong
co giam toc do dén o = 75 rad/s. Tai thoi diém t = 2.5s, momen tai T = 0 Nm.

5.3. Két qud mé phong
5.3.1. Dap vng danh dinh

Dit cac thong sd clia dong co trung v6i thong sé ciia mo hinh. Két qua mé phong duge
trinh bay trén Hinh 9:

10 T

: : : : : — Fi Meuron
| S — S S ——— S ——— AU - -
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. | | | | |
0 0.5 1 15 2 25 3
Hinh 9: Bap tng danh dinh khi stir dung Neuron udc luong tir thong
5.3.2. Tinh bén viing khi thay déi dién tré rotor va stator
Thay doi Ry = 2R,, R, = 2R, duoc két qua mo phong nhu Hinh 10:
10 T T T T T
. e -
— Firef
e e, —F .
— Fi Neuron
Y N S SO R SO NS i
Y OSSO OO ST A ]
0 | | i | |
0 0.5 1 15 2 25 3
20 I ! ! ! !
: : : : — Wrep
| | | =
¥ T o )
? b
| | | i |
05 1 1.5 2 25 3
6
—TL
L OO RO EOOOOUO RO URY. HOUROU OO SOOI S Te
S
0 O N O |
UI\I\A S S S
2 | | | | |
0 0.5 1 15 2 25 3

Hinh 10: Tinh bén viing khi thay dbi Rs va Rr (Neuron)

5.3.3. Tinh bén viing khi thay doi nhiéu thong sé dong thoi
Thay dbi Ry = 2R, R, = 2R,, Ly = 0.8L,, L, = 0.8L,,L,, = 0.8L,, va ] = 5], ta

c¢6 duogc két qua mo phong nhu Hinh 11:
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m{A -------------------------------------------------------------------------- —
B P,
L™ ?
S O S e —— ]
H Fi ref
B ------------------------.-------------------------.--------------------------i -------------------------------------------------------- —Fj H
= Fi Meuron
4 R e R e e EE R s s e eSS e .|
Y . Fromeroenmcecnneenioas drmmormeenn s Froeerromenoennoeniiaas Jrmeeeroe s —
0 i | i | \
0 0.5 1 15 2 25 3
200 T | T .
150 o
Y EEU T S SRR 1 NI SO S i
P
S A—— A T i
0 i i i i i
0 0.5 1 1.5 2 25 3

Hinh 11: Tinh bén viing khi thay d6i dong thoi cac thong sb

5.3.4. So sanh hé théng khi sw dung hai bo woc lwong khac nhau

Dit théng s6 clia dong co tring v4i thong sd ciia mo hinh. Sau d6 cho chay hé théng
lan lugt voi b udc lugng dung moé hinh toan va bg udc lugng dung mang neuron. Két qua
sau so sanh nhu Hinh 12 dén Hinh 14.

Fi ref
— Fi Estimator |
— Fi Meuron

2 —
0 | | | | |

W oref
W Estimator
1] —— W Neuron

Hinh 13: So sanh dap tng tdc d6 ciia b Estimator va bd Neuron
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TL
Te Estimator ||
Te Meuron

Hinh 14: So sanh momen dong co cua bd Estimator va bd Neuron

Két qua cho thay khong co su khéac biét nhiéu khi hé théng chay véi bd woc luong tir
thong dung m6 hinh toan va bd udc luong str dung mang neuron hdi quy. Nhu vy c6 thé
thiy mang neuron c6 thé img dung tt trong hé thong. Va hon nita mang neuron c6 thé hoc
dugc nhimng sy thay d6i ciia hé thong trong nhitng diéu kién 1am viéc khac nhau.

6. Két luan

Hé thong diéu khién dong co khong ddng bo ba pha hoat dong tét véi bo woc luong tir
thong sir dung md hinh toan va bo ude luong sir dung mang hoéi quy. Viéce thay do6i dap tng
momen dién tir do thay ddi cac thong sé dién trg, dién cam, momen quén tinh da khong anh
huong dén kha niang xac 1ap cua toc d6 ngd ra. Tuy nhién d6i Vi viée ude lugng dua vao
cac phuong trinh toan mo ta dong co thi tir thong da khong bam t6t trong truong hop dién
cam thay 601 Con ddi véi bo wdce lugng tir thong ding mang neurron, ddp tng tir thong rat
6n dinh vé mat thoi gian xéc lap, ciing nhu do vot 16 cho du ¢6 thay ddi céc thdng sb cua
dong co trong qua trinh hoat dong. Bo udc lwong tir théng ding mang neuron cho két qua
mong doi khi thay d6i nhiéu théng s cia mé hinh.
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