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XAY DUNG MO HINH PHAN HOI TRANG THAI
PIEU KHIEN PONG CO KHONG PONG BQ

Nguyén Thi Thu Hién", L& Hong Thu, Vii Thj Oanh
Truong Dai hoc Cong nghé Thong tin va Truyén thong — Pai hoc Thdi Nguyén

TOM TAT

Ngay nay trong thoi ky cong nghiép héa hién dai hoa cac day chuyén san xuit, dong co khong
déng b0 rotor léng soc dang dugc str dung rong rdi do co cAu tao don gian, gia thanh re, dé ché tao,
qua trinh van hanh an toan va tin cdy. Trong pham vi bai bao nay nhom tac gia da nghién ciru
phuong phap diéu khién phan hdi trang thai va kiém nghiém dugc (mg dung ctia phuong phap nay
vao dong co khong dong bo ba pha roto 1ong soc. Két qua cho thdy khi dong co mang tinh chat
tuyén tinh thi thoi gian xac 1p 1a nhanh hon so véi khi dong co mang tinh phi tuyén. Phuong
phép nay cho thay tinh linh hoat toan dién va dbi tuong diéu khién dang sir dung rong rii nhat hién
nay. Pay s& 1a co s dé xay dung cac hé théng diéu khién c6 chét luong cao vé do chinh xac, 6n
dinh va thoa man ddi véi cac hé théng truyén dong c6 yéu cau nghiém ngat vé mat dong hoc.

Tir khéa: Piéu khién tw dong; dong co khong dong b rotor long séc; phdn héi trang thdi; diéu
khién; tuyén tinh héa.
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BUILDING THE STATUS FEEDBACK MODEL FOR MOTOR CONTROL
WITHOUT SYNCHRONIZATION
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ABSTRACT

Nowaday, in the period of industrialization and modernization of production lines, Asynchronous
rotor squirrel cage motors are widely used due to its simple structure, low cost, easy to
manufacture, safe and reliable operation process. Within the scope of this article, the authors have
researched the method of controlling state feed back and have tested the applications of this
method in asynchronous rotor squirrel cage motors. The results showed that the energy is linear, so
the setting time is faster than the nonlinear energy. This method showed the most flexible and
widely used control objects. The results would be a good basis for building high quality control
systems about accuracy, stability and satisfaction for drive systems with strict dynamical
requirements.
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1. Mé dau
Pong co khong dong bo (PC KDB) rotor
léng so¢ ¢6 wu nhug diém nhu: ciu tao don
gian, d& ché tao, van hanh tin ciy an toan va
gi4 thanh ré nhung van dé diéu khién lai gip
rat nhidu kho khin do tinh phi tuyén ciia BC
KPB. bé dong co lam viéc mot cach chinh
x4c va on dinh c6 nhiéu phuong phap dicu
khién khac nhau nhu ding phuong phap diéu
khién PID kinh dién, c6 thé két hop PID véi
bo diéu khién mo... d€ tao ra mot bo dicu
khién dam bao dugc yéu cau cong nghé. Tuy
nhién mdi phuong phap déu co vu diém va
nhuge diém, nhung déu chung mot muc dich
la dam bao duogc 1a hé diéu khién phai don
gian, 6n dinh, chinh x4c, chi phi thip va cho
hi€u qué cao. Phuong phap nay st dung cac
tin hiéu & dau ra phan hdi vé& dé diéu khién
dong co sao cho dong co van hanh theo ding
yéu ciu cong nghé da dit ra, dap ing nhanh
cac tin hiéu dau vao, loai bé duoc cac tin hiéu
nhiéu trong hé théng. [1]
Noi dung nghién ctru cia bai viét da phan nao
khang dinh két qua dat duoc khi ap dung
phuong phép niy trén hé truyén dong BC
KBB rotor 1ong soc khi hé mang tinh chit
tuyén tinh va phi tuyén.
2. Phwong phép phén hoi trang thai
2.1.Phwong phdp phén héi trang thdi cho hé
tuyén tinh
Ta c¢6 hé phuong trinh trang thai
x(i) = A®)x () + B(i)u(i)
y(i) = C(i)x(i) + D(i)u(i)
Tu hé phuong trinh ta c6 so dd cdu trac phan
hoi trang thai nhu sau

o)

w(i)=0

thay (2) vao (1) ta dugc:

x(i+12) = (A(i) — B(1) K) x(i) + B(i)w(i) 3)
y = (C(i) - D(i) K) (i) + D(i)w(i)

Ta phai thiét ké K sao cho ma tran [A(i)-B(i)K]
nhan n gi{i tri Si Vol i=132. ...n, da choq trudce tu
yéu cau ve chat lugng can co6 cua hé¢ thong.

2.2. Phwong phdp phin héi trang théi cho
hé phi tuyén [2]

Xét h¢ phi tuyén dugc mé ta boi phuong trinh
trang thai nhu sau:

d m
d—)t(:f(x)+H(x)u:f(x)+iZ:l:hi(x)ui 7
y=9(x)
Trong do
% U 9, (x)
X=| . [ju= ;g9(x) =
X, u, g,,(x)

H (x) = (h(x),h,(X),...h, (X))

Thiét ké bo diéu khién phan hdi trang thai cho
hé phi tuyén (4) ta thyc hién tuyén tinh hoa
chinh x4c. Tir d6 ta c6 dwoc mo hinh tuyén
tinh hoa chinh xac hé phi tuyén nhu sau:

HE tuyén tinh 2eAx+Bw; yCz

0di truc toa dd D61 twong di&u khien phi tuyén MINO

K200 — il [
wx Lo

Hinh 2. Biéu khién tuyén tinh hoa chinh xdac quan
hé vao ra hé phi tuyéen MIMO

3. Xay dung moé hinh toan hoc PC KDPB

rotor long soc [3], [4]

3.1. M6 hinh trang thdi lién tuc trén hé truc

I x v
fix ll\uT‘u\.}—.

toa do dq
Ta c6 phuong trinh
diy 1 1-o |1-a | o 1|
@ \a T PR g Oy
1 l-g| l-g l-or| 1|
—Ao-gi, 1 —+— 1 — O/ H— P H— N
ol r | ' o ok |-
N ) N ﬂ :l —lu et ~om
Hinh 1. M6 hinh diéu khién phdn hoi trang thdi il 't
Voi: u(i) =w(i)— K x(i) (2 ﬁ =—i ~la-ah, - —v,
~ : Q)
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Trong do:
) Vi ) V/fq
l//rd = ' l//r =
L,
L2 . s
o=1— H¢ s0 tir tan toan phan
LL,

T = L T = L Hang s6 thoi gian stator, rotor
RS Rr

Tir hé (5) ta co thé viét lai md hinh trang thai

duéi dang sau:

dz

—=Ax+Bu
dt (6)
y=Cx+Du
Trong d6 cac ma tran
( 1 1-0—] 1-6  1-c
= =t [N —_— —0
ol, T, ol o
o Lo} 1o, 1o
A : oT, T, c oT,
Ti 0 Ti —(o, - w)
0 E —(o, - w) %

[1 0 0 o] , [o OJ

C= ;D=

0100 00

Ta ¢6 md hinh céu trac trang thai lién tuc cua
DC KDB trén hé toa d§ dg nhu hinh 3 dudi day.
o D}

1=

Hinh 3. M6 hinh trang thdi lién tuc ciia PC KDB
trén hé toa do dg

3.2. M6 hinh trang thdi gian doan trén hé
truc toa do dq
Ta c6 h¢ phuong trinh trang thai gian doan
x(i+2) = A>i)x(i) + B(i)u(i) )
y(i) = C(i)x(i) + D(i)u(i)
Vi céc bién dau vao ug, Usq Va s 12 héng $6
trong pham vi chu ky trich mau T
Vi cac ma tran trang thai nhu sau:

171 i+17‘7 oT 1-oT lfo'w_l_
olT, T, oT, o
T 11[1;1] Lo 1ol
A(i): T T oT,
T

T 0 1-— (0, - @) T

T T

0 — —(0,-@)T -—

T, =) T,

0
oL,
. T | . (1tooo0y . (00
BO= 0 o ;C(')z(o 10 OJ;D(I):[O 0]
o o
o o

Ta ¢6 mo hinh hé phuong trinh trang thai gian
doan ctia BC KPB duoc mo6 ta nhu hinh 4.

» . |
™| D(i)

- xGi =13

u (i)

) ) (i
Ll £0)

AH)

Hinh 4. M6 hinh trang thdi gidan doan ciia DC
KDB trén hé toa do dg
4. Thiét ké by phan hdi trang thai diéu
khién PC KDB
4.1. Thiét ké b$ diéu khién phin hoi trang
thdi diéu khién DC KDB 3 pha mang tinh
chat tuyén tinh
Xét khi o thay doi quanh diém lam viéc. Khi
dong co chay voi momen tai mc = 50(N.m), ta
do duoc toc dd ws = 314,1593 rad/s, o =
303,6873 rad/s
Ta tim dugc cac ma tran A(i), B(i), C(i), D(i).
Thong sb cia DC KPB nhu sau:
Pan=0,37kw, n=3000v/p, n=70%, cose=0,8,
2p=2. Thay céc thong s6 cua dong co vao h¢
phuong trinh trang thai cia dong co ta co:
02811 00425 03507 184303) (04386 O

) -0,9425 0,2811 -18,4303 0,3507 | 0 04986 . (8)
X(i+1)= x(i)+ u(i
00174 0 09826 0,034 0 0
0 00174 -0,0314 10,9826 0 0

L (1oo00) (00
y(l):[0 10 ij(m(o o]u(')

4.2. Thiét ké bj diéu khién phin hoi trang
thdi diéu khién PC KPB 3 pha mang tinh
chét phi tuyén

4.2.1. Tuyén tinh héa chinh xdc mé hinh PC KPB
M5 hinh trang thai cia DC KBB sau di tuyén
tinh hoa.

of dBukhidn

- 2177

DC.KDB

M5 hinh tir thong

Hinh 5. So d6 cdu triic ciia doi twong DC KDB
sau khi thyc hién tuyén tinh hoa chinh xdc
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Mo hinh tuyén tinh thu dugc sau khi da tuyén
tinh hoa chinh xac nhu sau:

1 dig,
- 00 —=Ww
S h nd vid dt
ay coO thé viét | g
Y(X)=|0 1 A
s dt
00 1 LU
dt

4.2.2. Cdu triic diéu khién tach kénh truc tiép

Sau khi da thyc hién tuyén tinh hoa chinh xac.
Ta tach md hinh dong co thanh 2 thanh phan:
Thanh phan tao tir théng(dong isg), thanh phan
tao momen (dong ig).

M&6 hinh phan dién (tao tir thong)

isld =W,
11 ©)
\Prd =-|—7|3d _?Trd

r r

bait cac bién trang thai va cac ma trén

i ), g
Xi:('//' J*ul_(wl)7y1_(lsd) (10)

rd

o} e

Mo hinh (10)‘ duoc viét lai dudi dang md6 hinh

trang thai phan dién nhu sau:

{Xl =AXx +BuY (1)
Y =Cx

MG hinh phan co (tao momen)
m,, = kw.
M , 2 (12)
w= Tp (my —mg)
bit cac bién trang thai va cac ma tran:

X, :(mM J;uz =(W,)i ¥, =(my)in, =me
w

0 O K 0
Az:[lp 0 ;BZ:[OJ;CZ:(l 0);D, = _zp}
J

Dua trén nhitng két qua do ta thay thé bo diéu
chinh dong hai chiéu trong so d6 cau tric hé
truyén dong tua theo tir thong roto kinh dién
bang mot khau phan hoi trang thai. Tir d6 ta
c6 so d6 cau triic diéu khién tach kénh cua
bC KbB dudi day:

o

'..-’ ~Y
o —

T ey

Hinh 6. Cdu triic diéu khién tach kénh truc tiép
cua PC KPB
4.3. Téng hop cdc bé diéu khién [5]
4.3.1. T(fng hop bo diéu chinh dong dién Ry
va bé diéu chinh téc dé R,
Gia thiét diéu chinh téc do dong co & muc
dudi toc do dinh mirc. Téng hop mach vong
diéu khién gém cac khau diéu chinh toc d6 va
khau diéu chinh dong, khi d6 ta coi khau
nghich luu c6 quan tinh rat nho T, =
0,0017(s).
Tir d6 ta c6 duge bd didu khién dong va tdc
d0 nhu sau:
1

Ri D s+D (14)
s K K
2—"-T.s 2-"Ts
oL,D ol
R - 1+2(T, +22Tc)s (15)
C8I¢s

4.3.2. Tong hop bé diéu chinh Rig.

Khi bit dau khoi dong ta khoi dong BPC KDB
nhu may dién mot chiéu sau khi d 6n dinh
viéc cAp ngudn phia kich tir iy ta moi cdp
momen quay is,. Ta c6 thé bo qua anh huéng
cua phan tng trong qua trinh khéi dong khi
d6 ta co bo diéu khién dong dién:

: ! Ri,, =418 (16)
M6 hinh (12)‘ dugc viét lai dudi dang mé hinh S T
trang thai phan co nhu sau: 2K, O_E Tus
. S
X, = AX, + Byu, +Dyn, (13) Pén day ta da xdy dung dwoc mo hinh mo
Y, =CX, phong phan hoi trang thai hé phi tuyén
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Hinh 7. So d6 mé phong phan hoi trang thdi hé
phi tuyen

St dung phﬁn mém Matlab ta s& thu duoc
dang song cua hai thanh phin tao momen
dong isy va thanh phan tao tir thong dong i,
nhu dang hinh 8.

Hinh 8. M6 phong dong dién iy, i
Qua két qua mo phong ta thiy dong khi bat
dau khoi dong ting nhanh, dong iy dat gia tri
xac lap, con dong 15g=0. Khi bat dau co tai
dong isg tang dan va dat gia trj xac 1ap.

So sanh két qua md phong dong dién iy, |Sq
ctia hé phi truyén va hé tuyén tinh ta c6 két
qua nhu hinh 9, hinh 10

Hinh 9. M6 phong dong dién is, is phi tuyén

Hinh 10. M6 phong dong dién isg, isq tuyén tinh

Trong 46 dong isq 1a thanh phan tao momen
Va dong isq 1 thanh phan tao tir thong

Dong dién s, isg & 2 hinh 9 va hinh 10 cho
thay khi khoi dong va dong tai vao dong dién
thay d6i. O hinh 9 cho thiy dong dién dat gia
tri xac 1ap nhanh hon nhung gia tri xac 1dp ca
hai mé hinh déu dat két qua nhu nhau.

5. Két luan

Nghién ctru nay di giai quyét duoc mot sb
van dé sau:

Nghién ctu mo hinh trang thai ctia dong co
khong déng bo trén hé truc toa do dq, phan
tich ban chét cia dong co

Nghién ctru vé phuong phap phan hoi trang
thai va xay dung bo diéu khién phan hoi trang
thai cho hé tuyén tinh va hé phi tuyén

Bo diéu khién phan hdi trang thai c6 kha ning
mg dung t6t cho PC KPB véi cac két qua
nhan duoc la:

Hai thanh phan tao momen dong isq Va thanh
phén tao tur thong dong iy, ban dau ¢6 dao
dong va dat gié tri xac lap gan gidng nhau.
Véi md hinh phan hoi trang thai hé tuyén tinh
hé dat duoc gida tri xac 13p nhanh trong
khoang 0,15s va nhanh hon mé hinh trang
thai hé phi tuyén.
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