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THIET KE BO QUAN SAT TRANG THAI
TRONG HE THONG DIEU KHIEN TUYEN TiNH HOA BONG CO DI B0
bang Anh buc (Truong DH K5 thudt cong nghiép - PH Thdi Nguyén)
1. bat van dé

Tu dong hod qua trinh san xuét da va dang 1a miii nhon then chét giai quyét van dé nang cao
ning suét va chat lugng san pham. Céc hé thong truyén dong sit dung dong co di bo rotor 16ng séc
dang dugc tng dung rong rai boi n6 ¢6 nhiéu vu diém: ciu tao don gian, gid thanh ré, van hanh tin
cay..., diéu nay ¢ y nghia dac biét trong cdc hé truyén dong cong suat 16n.

Tuy nhién, dong co di bo 1a d6i tuong phi tuyén nén viéc diéu khién gip nhiéu khé khian va
phiic tap. Mot trong nhing phuong phdp diéu khién phi tuyén hita hen mang lai chat luong cao 1a
phuong phdp tuyén tinh hod. Theo [2]: Phuong phdp tuyén tinh hoa 1a mot trong cac phuong phép diéu
khién phi tuyén dua trén co s& "hinh hoc vi phan'. Theo phuong phdp ndy ta phai thiét k& bo diéu khién
phan héi trang thai (DKPHTT) thong qua phép ddi truc toa do thich hop dé dua d6i tugng phi tuyén vé
dang tuyén tinh trong toan bd khong gian trang thai méi (trong hé toa do méi).

Nhu vay, véi phuong phap nay phai xac dinh dugc gia tri clia cac bién trang thdi can phan
héi. Truée day, dé x4c dinh dugc gid tri clia cc tin hiéu nay 1a do truc ti€p nhd cdc thiét bi cam bién.
Nhung khong phai moi tin hiéu déu c6 thé do truc ti€p (nhu tir thong, gia toc...), song c6 thé quan sit
(do gian tiép) trong mot khoang thoi gian da 16n thong qua tin hiéu vao/ra - Bo quan sat trang thai.

2. M6 hinh toan cua Pong co di bo

Xét doi tuong diéu khién 1a dong co di bo rotor 16ng séc trén hén hé toa do dq. Nhu ta da
biét hé toa do dq (hé toa do tir thong rotor) 1a hé toa do ¢6 truc thuc d triing véi truc clia vector tir
thong rotor W, va hé dq quay xung quanh goc toa do véi toc do géc w, = dé,/dt.

Goi i,(t), i, (1), i, (t) twong ung la cac dong dién &
d4u ra cua bién tan cung cép cho cidc pha u, v, w
ctia dong co va thoa man phuong trinh sau:

i ()+i (t)+i(t)=0
i (t)=]i.|cos(w,t)
Trong dé: Ji_ (t)=i,|cos(w,t +120°) (1)
i, (t)=i,|cos(w,t + 240°)

Cudn day

pha U aw, 1. 1, ,
? _T_rISd _ftprd + (ws _w)qu
av’ 1 1 (2)
Hinh 1: M6 hinh cuia dong co di bo e B () e U
dt Tr sq (C‘)S ) d Tr q
dé,
= a)S
dt

Theo [3], mo hinh todn cua dong co trén hé toa do dq nhu (2). Thanh phdn phi tuyén
dugc cdu thanh bdi tich gifia cdc thanh phdn w | | w | ctia vector trang thdi va bién vao .
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Chuyén (2) sang khong gian trang thdi, véi cdc bién trang thdi x,, X,, X;, cdc bién dau vao
u,, U,, Uy va cac bién daura y,, y,, y;, ta c6 hé phuong trinh phi tuyén cta dong co trén khong
gian trang thai nhu sau:

Xl :Lprd ul = ISd yl = l.Ier
X, =W, u, =ig, y, =¥,
Xazes uszws y3:es
dx i INES 0 ] - S 5 6 At:
d_tl L —ax, = X, Hé (3) c6 dang tong quat
r ' d x
dx, | _ 1 1 — = Ax+H (x)g (4)
at |- Xw=—X, |+ 0 u, + T U, +1 = X |Ug dt
dx, r r 1 3 |y=Cx
dt i 0 ] L0} | 0 | - -
e -w 0 1 0 x 1 00
- Vii T, T
Y1 1 0 0] x azl 1 -2 ol b= 1 _
= -= ®=]0 — -x,C=/0 10
Y, | = 0 1 0 2 T T
001
BE 0 0 1jx 0 0 0 0o 0 1
3. Thiét ké bo quan sat trang thai y §TPT .
3.1. Tinh quan sdt duoc ciia hé phi tuyén - J =
Theo [2], diém trang thai X, cla hé phi tuyén c6 ,l BQS

tin hiéu vao u (t ) vatin hiéura y (t) dugc goi la quan Hinh 2 Quan st trang thdi
sat duoc, néu ta c6 thé xac dinh duoc né mot cdch chinh

xac thong qua céc tin hiéu vao/ra trong mot khoang thoi

gian hitu han T. Khoang thdi gian quan st cAng ngan s& cang tot cho cong viéc diéu khién sau
nay. Néu thoi gian quan sdt qua 16n, diém trang thdi X, vlra x4c dinh duoc c6 thé s& mat di y
nghia tng dung cho bai todn diéu khién, vi khi d6 c6 thé hé da chuyén dén mot diém trang théi
mdi cdch rat xa diém trang thai X, .

3.2. B6 quan sdt Luenberger mad rong

Xét hé phi tuyén nhu (4), véi tin hiéu vao g(t) , tin hiéu ra y (t), bién trang thai quan sat
duoc X (t) , vector ham phi tuyén H (x) va I(X,u, y ) 1a vector ham dung dé hiéu chinh mo hinh
sao cho c6 duoc X(t) = X(t) trong khoang thoi gian T hitu han.

H(X)

Hinh 3: Cdu triic khdu quan sdt trang thdi
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Nhu vay, bai toan thiét ké & day la tim vector ham | (X, u, y) sao cho c6 duoc X(t) — X(t)
trong khoang thoi gian T hitu han. Theo [2], ta c6 thé chon trudc I_(X, u, X) = L(X - CX), khi dé
ta c6 bo quan sat trang thai (5).

cij—tl: AX + H (Q+ L(X—CX) (5)

Trong d6 L 1a ma tran hang cin xac dinh, theo [1], ta chi cAn xac dinh ma tran L sao cho
tat cA cdc gié tri rieng A; cta ma tran bat bién (A - LC ) nim bén trdi truc o, diéu d6 dong
nghia véi viéc tim L' dé: (A-LC)" = A" -C"L" nhan cdc gi4 tri cho trudc S;---, c6 phan thyc
am lam cdc gid tri rieng A, . Tuy nhién, ching nim cang xa truc 4o vé phia bén trdi cang tot, thoi
gian can thiét dé quan sét s& cang ngan.
3.3.Téng hop thudt todn ciia khdu quan sdt

Theo [3]va [4], v6i mo hinh dong co nhu (4) 12 hoan toan c6 thé quan sat dugc.

Thuc vay: ST 0
PPy T,
+ Chon trude céc diém cuc s, 1 (6)
o i  det(A-Al)=det| 1 -=-1 0 [=0
Tim gia tri riéng cua ma tran A, ta co: 0 Tro ;
1 . 1 . -
/]1=0,/12=—T—+J\/6_0,/13=—T——J\/6_¢) L ]

Ta thdy, doi tuong phi tuyén nay c6 hai cap nghiém cuc d6i xing qua truc thuc cta hé toa
do phitc. Hai cap cuc d6 khong nim c6 dinh ma di dong trén mat phang phiic theo mot quy dao
(quy dao diém cuc), né phu thudc vao diém cong tic (t6c do quay, phu tai, tham s6) clia dong
co. Mt khac, do nhiét do cong tdc va trang thdi bdo hoa tir thay déi lién tuc ciing 1am thay déi
vi tri cdc cap cuc. Nhu vay, cac cap nghiém cuc ctia dong co phu thudc vao tin s6 va cac tham so
ctia mo hinh. Do do6, viéc chon trudc cdc diém cuc dé thi€t k& bo quan sat trang thdi s& gap rat
nhiéu khé khin, song né lai khong 1am anh hudng t6i vi tri cic diém cuc clia doi tugng. Vi vay,
ta chi dong chon truée cac diém cuc nhu sau:

Sz_TiJ,bl véib<0dés, < Re{l,}

+ Tim L™ sao cho ( A" - C'L" ) nhan cdc gid tri s, lam cdc gid tri riéng:
" ={t,,...t, ) (@,...2) " véi a, :(sil —AT)_lCTL,
i=1,2,...,n, t,]a cic tham s6 tu do sao cho

cac vector &, doc lap tuyén tinh. _ -

b;s
. ’ Jivi 2
be a,,a,,a, la cac vector doc 1ap tuyén tinh , ta chon: d, d,
(s1-AT)'cT=| 295 bS5 @)
d, d,
0 0 L
L Si
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d1 %b[ 0 S 0 0
t,=|0 |=>a=|-ag| 7|d;| =a,=|bs|’ t,=] 0|=>a,=| 0
0 0 0 0 S, 1
[ sb S i [ sb %) ]
dl ZdZ _ lFZ 0 le dz? 0
(8)
L =— dz% d, Sldbl 0|= L= (LT)T =- —dl% dzg—;)l 0
0 0 s, 0 0 s,
Trongdo:
d, = (b12 + a))sl
d, = (b22 + a))32

d = ss,(bb, + )

Tir (8), ta nhan thay trong ma tran L ¢6 chita @, T, , trong qué trinh 1am viéc ctia dong
co, hai thong s6 nay luon thay doi, L s& nhan dang dugc su thay d6i trang thdi clia d6i tuong va
gitip cho bo quan sét trang thdi nhan dang duoc su thay déi trang thdi clia d6i tugng mot cich
chinh xdc. Nhu vay, bo quan sét trang thai sé ¢ cdc diu vao la iy, i

~

o @, W vacéc dau rala

el il
t/j rd (// rq ! 8
. ' 1! Ll o
Ld ul ] I=d 4 . ”
Canst oz —* =) o
Ll .
Phi_rg Scopel Gmeda (L-L1 Do
_/ gl a2
u I |z <
Ramp1 P Omega Goc_Bra E » I:l e
B {xa(Phi_re) -]
W 1cPhr) u i Dmegasﬂmega L Soope?
sint @
Bo_DKPT DCKDB - l:l OmaSa
L
-,
led Seopel kg
— Phi_rq
Izq pl—
OmeGa_s

Phi_rd

OmeGa

Bo_QSTT

Hinh 5: M6 hinh dong co da dugc tuyén tinh hod  Hinh 4: M6 hinh simulink bo quan sdt trang thdi

3.4. Két quda mo phong
Pé danh gi4 két qua nghién cttu, ta mo phong bing phan mém Matlab Simulink:
Vi du cho céc tin hi¢u vao: w, = 10sindt ; w, = 10t ; w; =0.05t; v6i:t=0+5 (s)

S, :—8—i,s2 :—7—i,33 :—6—i

Tr r
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Hinh 9: Quan hé W

q qu'q theo thoi gian.

4. Két luan

Tit cdc két qua mo phong trén ta thdy, véi cdc diém cuc s, nam phia bén trdi cdc diém cuc
am clia doi tugng thi tin hiéu quan sét duge Wy, (t), W, (t) luon bdm sét va dao dong xung quanh
tin hiéu thuc W, (), W, (t) v6i sai s6 rat nho. Moi quan he giita w,(t) va Wy (t), gilta w,(t) va
W, @), 12 hoan toan tuyén tinh theo quy luat tich phan. Nhu vay, céc két qua mo phong nay da
kiém ching dugc thuat toan clia khau quan sét 12 hoan toan ding nhu 1y thuyét.
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Toém tat

Tir trude t6i nay da cé nhiéu cong trinh nghién citu vé phuong phap Tuyén tinh hod, véi
cac két qua thu duoc cho thdy phuong phdp nay c6 trién vong rat 16n trong diéu kién phi tuyén.
Song né lai c6 nhuge diém 1a phai x4c dinh dugc chinh x4c gi4 tri clia c4c bién trang thdi cha doi
tuong (thong thudng 12 do truc ti€p bing céc thiét bi Sensor) dé dua phan hdi vé bo diéu khién,
nhung thuc t&€ ¢6 nhiéu bién trang thdi khong thé do truc ti€p duoc. Vi vay, trong bai bdo nay tic
gid da dua ra mot phuong phap méi dé xdc dinh gid tri clia cdc bién trang thdi - phuong phap
quan sat thong qua cac tin hiéu vao/ra, thay cho viéc do truc ti€p. Véi két qua mo phong, phuong
phédp nay da cho thay né c6 kha nang tng dung rat cao trong diéu khién phi tuyén dong co di bo
rotor 16ng s6¢ ndi riéng va cic doi tugng phi tuyén khéc néi chung.

Summary

Observer-based feedback- Linearizing control for induction motors

Up till now, there have been several research workknearizing method. The obtained
results have shown that this method has greatteffiecnon-linear control. Nevertheless, its
shortcoming is the fact that we have to specifycyahe value of objects' signals of state
(normally being direct-measured by sensors) inoteend the feedbacks to controller. In fact,
there is a great number of signals that cannot éasared directly. Henceforth, in the article, a
new research direction on determining the valuesigrfals has been mentioned - the method of
observing input and output signals, instead ofatlinreeasure method. As the imitative results
have shown, the method seems to have great agyatedtial in non-linear control for induction
motors in particular and other non-linear objentgeneral.
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