KHOA HQC - KY THUAT

UNG DUNG PHUONG PHAP
MO HINH NOI PIEU KHIEN
PONG CO KHONG PONG BO

® NGUYEN HOANG VU - THACH NGOC PHUC

TOM TAT:

Bai bdo trinh bay hé thdng diéu khién tdc d6 dong cd khong ddng bo (PCKPB) 3 pha diing
phuong phap md hinh ndi (Internal Model Control-IMC). Trén cd s& phuong phép diéu khi€n mo
hinh ndi cho d6i tugng tuyé&n tinh da dugc M.Morari & E.Zafiriou phat trién nim 1987. Phuong
phap nay c6 vu diém 1a d& thi€t k& va thuit todn don gian. Bai bdo phat trién y tudng trén dé diéu
khién cho d6i tugng phi tuyén 12 PCKPB 3 pha. Muc dich ciia tdc gid 1a xAy dung mo hinh hé
thong diéu khi€n bén vitng toc d6 dong cd bing phuong phap diéu khién mo hinh noi. Tao tién dé

cho viéc xAy dung cdc mo hinh thir nghiém cho cic hé thong diéu khién dong co chit lugng cao.

DPdng thdi dy ciing 1a co s d€ ché tao cac bo diéu khién toc do dong co (bd bién tan) tng dung

trong c4c hé thong truyén dong dién chinh x4c.

Tir khéa: dong cd khdng ddng bd, mo hinh nodi, phuong phap diéu khién.

1.Pat van dé

DPCKDB dugc st dung rong rai trong dan dung.
Trong cdng nghiép PCKPB con han ché& nhu diéu
khién khong tin ciy, kha ning qué tdi moment nhd,
dong md mdy 16n nén loai dong co nay phai
nhudng chd cho dong co mot chiéu. Ngay nay, véi
su tién bo clia khoa hoc k¥ thut cling nhu phat
trién ctia ly thuyét diéu khién ty dong, dién tif cong
suat, ky thuat vi xtt 1y da khic phuc dudc nhudc
diém trén, dua PCKPB trd thanh dong co phd bién
nhat trong cong nghiép. Vi cac phuong phip diéu
khién dugc tich trong bi€n tan tir d6 c6 nhiéu
phuong phép diéu khién dong cd.

- Piéu khién PCKPB biing phuong phdp dinh
hudng trudng (field-oriented control) [1].

- Phuong phdp diéu khién mo hinh ndi (Internal
model control) [2].

- Phuong phdp diéu khién tuyé&n tinh héa mo
hinh vao ra (input-output linearization) [3].

- Phuong phap diéu khién ché& do trugt (Non
linear sliding mode) [4].

- Phuong phap diéu khién dva trén tinh thu dong
(passivity based control) [5].

- Phuong phap diéu khién toan phuong tuyé&n
tinh hdi ti€p trang thdi (linear quadratic state
feedback) [6].
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Trong d6, phuong phdp mo6 hinh nodi ¢6 nhiéu
vu diém. Cédc diéu kién vé& &n dinh va tinh bén
vitng dugc dién td mot cach don gidn thong qua
cdc ham truyén dat cia hé thong nén dé sit dung
trong thi€t ké.

2. Téng quan nghién citu

Phuong phdp ding mo hinh noi c6 uu diém Ia
thuat todn rat don gidn. Cic diéu kién vé &n dinh
ndi va tinh bén vitng dudc dién td mot cach don
gidn thong qua cdc ham truyén dat clia hé thdng,
nén dé st dung trong thi€t k& va lap trinh diéu
khién.

Pic biét trong linh vuc diéu khién PCKPB
rotor 16ng séc, dién trd clia rotor rat khé do mot
cach chinh xdc. Chua ké dén viéc khi dong co lam
viéc thi nhiét do ting 1én 1am dién tr§ ctia ddy quin
stator, rotor ting theo. Pién cdm cla diy quan
stator (L), rotor (L) va hd cam gitfa stator va rotor
(L) thay ddi theo tai va theo nhiét d6 ctia dong
cd. Phuong phép diéu khién md hinh ndi phin nao
khic phuc dugc khé khin ndy nhd vao tinh chat
diéu khién bén vitng vdi sai s6 cia md hinh.

Khuyét diém cta phuong phap ding mo hinh
ndi d€ diéu khién PCKDPB rotor 1dng s6c 1a phuong
phdp nay dugc 4p dung rong rii cho hé tuyén tinh,
nhung d6i véi hé phi tuy€n thi con nhiéu han ché,
dic biét1a hé phi tuyé&n ctia doi tugng da bién.

3. Phuong phap diéu khién dung mé hinh ndi

Phuong phip diéu khi€n md hinh nodi cho d6i
tugng tuyén tinh da dudc

M.Morari & E.Zafiriou [2] phat trién. Hinh 1
trinh bay hé thong diéu khién mo hinh noi (Internal
Model Control-IMC):

Hinh 1: Hé théng diéu khién mé hinh néi

Mé hinh thuan

Trong d6: P 12 d6i tugng can diéu khién, p 12 mo
hinh clia d6i tugng, p ' 12 mo hinh ngugc cta doi

344 $6 9 - Thang 4/2023

tuong, (goi 1a bo diéu khién Q), F 1a bd loc thong
thap, r1a tin hiéu dit, d 1a nhiu ngd ra, y la tin hiéu
dap tng ngd ra, ¥ 1a tin hiéu ngd ra cda md hinh, e
12 sai s& ngd ra cia md hinh so v6i ngd ra thuc cia
ddi tugng.

* Trudng hgp 1y tuéng: (p =p; d=0)

y=Fr+({-F)d

Trudng hdp nay khong c6 tinh hiéu hoi tiép ve,
do do:y =p*u=p*(Q*r) =p*Q*r

Chon: Q= pl=p'nénp*Q=1I(véilla ma trin
don vi)

=> y =rla gid tri ngd ra mong mudn.

* Truong hgp khong 1y tuéng: (trudng hgp
phai gip trong thuc t€ (P # p) con goi la trudng hop
c6 sai s0)

Theo so dd ham truyén ta c6:

u=Q*(r-£)=Q*[r-(y-9)]

=Q%r-Q*[p*u- p *ul

u=Q*r-Q*[p- pl*u

[I+Q*(p- p)I*u=Q*r

u=[I+Q*p- p)I'"*Q*r

Thong s6 ngd ra: y = p*u

y=pll+Q*(p- pHI*Q*r

Chon: Q= p!

=>y=pll+ p'p- p' p)I' O*r

=>y=pll+ p-'p-1"Q"r

=>y=plp'pl'p*r

=>y = p*p*r

=>y =r(gi4 tri mong mudn)

Nhan xét: n€u vi ly do nao d6 p # p hay ton tai
nhiéu dé ¥ #y thi gia tri y vAn dat dugc gid tri mong
mudn (gia tri dit).

Tuy nhién, khi tim ma trin Q = p -, ta thuGng
gip 2 vin dé sau:

- Xuat hién thira s6 (s - a)(o. > 0) 8 mau sd lam
cho hé thong lam viéc mat 6n dinh.

- Bac tlr 16n hon mAu nén hé khong c6 tinh kha

thi.
D& khic phuc van dé trén ta chon ma tran Q:
., k(s-a)
— 5l
Q=p (s- )"

Trong d6: Gid tri n chon sau cho ma trdn Q
c6 bac tlr biang véi bac mau. k,o > 0 12 hai hing
s0 thuc.
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= y=P*u =P{]—I3‘ k(s_“)(P—ﬁ)} prile—a),
(s+A4)" (s+A)"

=>y=PK1— k(s_a)jl—ﬁlp k(s‘a)y}al k(s—a)
(s+4)" (s+A)" +2)

k va A dugc chon sao cho sai s& xdc 1ap 12 nhd
nhat.

4. Thuat toan diéu khién dong co khong dong
bd 3 pha dung mé hinh ndi

Trén co s§ phuong phip diéu khién mo hinh
ndi cho d6i tugng tuyén tinh da dugc M.Morari &
E.Zafiriou [2] phdt trién. D€ tai nay phat trién y
tudng trén d€ diéu khién cho ddi tugng phi tuyé&n
12 dong cd khong déng bd 3 pha. Sd dd khdi clia
hé thdng diéu khién dong co 3 pha ding md hinh
ndi dé nghi dudc trinh bay trong Hinh 2.

Hinh 2: Hé théng diéu khién déng co ding
mé hinh ndi véi udc luong tu’ théng

(w,] uy u,
G u, u, 13
Ty + @ u, -
oy F Pt . ;{ BBD }_.{ Pong o }__,
To _if © Mo Rinh ngwgc -
Cw BO diéu khién IMC u,, Iy,
Ug BO udc
[} lugng v

v,

. +
W, = .
0L
M6 hinh thuan

, N [N R AN A aA s A
- Tin hi€u di€u khi€n Ia toc do va thong.

Trong do:

- Khéi d6i tugng can diéu khién gdm dong co va
b6 bi€n ddi.

- Pong co khong dong bo 3 pha biing hé phuong
trinh todn hoc trong hé toa dd tir thong stator dugc
qui ddi vé 2 pha.

- M6 hinh thuinp :

M0 hinh thuan 12 m6 hinh (phi tuyé&n) clia dong
cd khong dong bo trong hé toa dd tir thong rotor
(toa do dq) v6i céc tin hiéu vao 1a cdc thanh phian
ctia dién ap [usd, usq, ms] va cdc tin hiéu ra la cac
thanh phan ctia modul tir thong rotor trong hé toa do

dq va toc do ctia dong cd tinh bing rad/s [|y,),® .
Trong nghién ctfu nay khdi md hinh thuan dugc mo
phdng nhu Hinh 3.

Hinh 3: Mé hinh thugn

Usd— . %
Usg— Truan |
Wg ﬁ—%w

- M6 hinh ngugc p '
Hinh 4: M6 hinh ngugc

e ——= MOHINH [ U
pr— 1]
® —>] NGUGC . u:‘

M6 hinh ngudc p ' 1a m6 hinh nghich ddo
clia mo hinh thuan p dudc xay dung theo phép bién
ddi sau:

- Né€u trong m6 hinh thuin p khau vi phan theo
thoi gian (dy/dt = x) dugc thay bgi khau vi phan roi
rac [y(k + 1) - y(k)1/ Tsamp = x(k). Trong d6, T
12 thoi gian 14y miu tin hiéu dudc chon. Khi d6:

¥+ D) =30 + Tygpe(k)

Thi trong m6 hinh ngugc PA™!' phdi tinh gia tri

samp

cia ham ngugc clia phuong trinh (dy/dt = x) 1a
phuong trinh x(k) = [y(k + 1) - y(k)]/TSamp mau
thuan v6i nguyén 1y nhian qua. Song vi cdc dai
luong clia ddng co thay ddi rat cham so vdi chu ky
18y miu (dic biét hé toa do tir thong rotor) nén c6
thé thay x(k) bing gid tri cia chu ky 14y miu ngay
trude do.

hay: X(k) = [y(k+1) - yK) 1/ Tgymp,

* U6c lugng tir thong: TU thong rotor khdng do

Hinh 5: B6 uéc lugng tu théng rotor

U ——

. UdC LUONG

[13,ip] —== g =
r——-= TU THONG
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truc ti€p duge ma chi c6 thé wdc lugng thong qua
cdc thanh phin cla dong dién ia, ib, ic do dudc, tdc
dd us tinh dudc va dién 4p us cung cip cho dong cd.
(Hinh 5)

* B0 loc IMC (Internal Model Control): (Hinh 6)

Hinh é: Bé loc IMC

d — o] 1 | sy
T,5+1
o 1
— =
T,5+1

B0 loc IMC 12 b loc thdng thap (bac):
1/(T\Vs +1)val/(T,s+1)
* Bo bi€n ddi: 1a bd chuyén ddi hé truc dién ap
tr ugg, Ugg (trong hé toa do tir thong rotor) va g
sang dién dp ug, va ugg (trong hé¢ toa dd stator ding

TAILIEU THAM KHAO:

yén), sau d6 bi€n d6i sang c4c thanh phin cla dién
p 3 pha u,, u, u, cung cip truc ti€p cho dong co.
(Hinh 7)

Hinh 7: B6 bién déi dién ép

Ug—m Bf) ——= Ll
Ugg ——> —==1l},
" o
)y — BIEN DO E— U,
Usgy Usp
5.Kétluan

Hé thong diéu khién dong cd khong dong bd 3
pha biing phuong phiap mo hinh nodi. Hé thong dn
dinh va bén ving, sai sd xdc lap tudng d6i nhd.
Thai gian d4p ng tuong d6i nhanh, chat lugng ddp
ting danh dinh t5t. Hé thong bén vitng ddi vdi sai
léch hé thdng s6 ctia mo hinh so v6i ddi tudng can
diéu khién. Pdp ting ctia hé thdng khong bi 4nh
hudng ding ké bdi sy thay ddi cda moment tii va
nhiéu tdc dong m
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ABSTRACT:

This study presents the speed control system of three-phase asynchronous motors using the
internal model method (Internal Model Control-IMC). This system is based on the method to
control the internal model for linear objects which was developed by M.Morari & E.Zafiriou in
1987. This method has a simple algorithm and it can be desinged easily. This study develops a
speed control system to control the three-phase asynchronous motor which is a nonlinear object.
This study aims to build a speed control system which well control the motor speed by using the
internal model control. This study is expected to provide useful information to develop models for
high-quality engine control systems. At the same time, it is also the basis for manufacturing motor
speed controllers (inverters) for precision electric drive systems.

Keywords: asynchronous motor, internal model, control method.
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