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TOM TAT

B0 quan st trang thai 1a mot hé thong tinh toan bang mé hinh toan hoc, ¢ thé s
dung dé nghién ctru cac phuong phép phan tich va thiét ké hé théng diéu khién dong co
dién noi chung va hé thong diéu khién dong co mot chiéu néi riéng. Bai bao nay trinh bay
két qua mo6 phong cho b quan sat dugce xdy dung trén phan mém MATLAB/Simulink.
MBS hinh bd quan st nhiu duogc thiét ké dé quan sat d6i tuong dong co DC nham cai thién
hiéu suét 1am viéc, tang do tin cay cua cac thiét bi st dung dong co DC trong qué trinh
van hanh. Hiéu qua ctia bd quan sét trang thai 13 cai thién nhiing han ché khi sir dung cam
bién nhu 12 giam thiéu sai s6 va nhidu do luong tac dong dén hé thong, tang tinh linh hoat
va giam thiéu chi phi.

Twr khoa: MATLAB/Simulink, b quan sat trang thai, dong co DC, nhiéu

ABSTRACT

The state observer is a mathematical model calculation system that can be used to
study methods of analysis and design of electric motor control systems in general and
DC motor control systems. in particular. This article presents simulation results for the
observer built on MATLAB/Simulink software. The noise observer model is designed to
observe DC motor objects to improve working performance and increase the reliability of
devices using DC motors during operation. The effect of state monitors is to improve the
limitations of using sensors by minimizing measurement errors and disturbance affecting
the system, increasing flexibility and reducing costs.

Keywords: MATLAB/Simulink observer, DC motor, disturbance

1. Pit van dé: phan hdi nhanh, cong suat khoi dong va
md men xodn cao hon, pham vi diéu chinh
tdc do 16m, van hanh ém ai,v.v..[1]. Tuy s&
hitu nhiéu wu diém, dong co DC van ton
nay boi vi dugc ung dung trong cOng  tai nhwoc diém 16n 1a hién tugng mai mon
nghiép do mot sé wu diém sau: thoi gian  co hoc trong qua trinh van hanh. Hon thé

Pong co mot chiéu la dang dong co
thuong duge st dung phd bién nhit hién
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nira, tiép diém gitra chdi than va cb gop co
nguy co gdy hu hong, chap chay néu hoat
dong qua muc. Do do viéc quan sat dong
co DC trong qué trinh lam viéc 1a thiét yéu
dé cai thién duoc hiéu suit hoat dong, tang
do tin cay cua cac thiét bi st dung dong co
nay [2].

Trong nhitng nim gan day, tin hiéu
phan hoi trang thai cho bo diéu khién dong
co DC thudng st dung cac cam bién nhu
12 cam bién vén tdc, cam bién gbc va cam
bién do dong dién dé do dac trong qua trinh
van hanh dong co DC va tra vé két qua cho
bo diéu khién. Tuy nhién do tac dong boi
moi trudng nén cac cam bién nay c6 mot sb
nhuoc diém 1am cho két qua tra vé khong
dang so véi thyc t& (bi nhidu). Cam bién
van toc c6 nhuge diém 1a dé bam bui, cdc
manh kim loai hay céat. Chinh vi vdy ching
gay nén nhiing tac dong khéng t6t cho qué
trinh hoat dong ciia hé thong [3] Cam bién
goc ¢6 nhuoc diém 14 han ché vé pham vi,
cam bién do goc thudng c6 pham vi do hep,
didu nay c6 thé gay han ché trong viéc sir
dung chung trong cac tng dung doi hoi
pham vi rong hon. Cam bién do dong dién
cling c6 han ché vé pham vi va kho khin
trong viéc lap dit va bao dudng cam bién,
didu nay co thé lam ting do phirc tap va
chi phi ciia qua trinh cai dat va duy tri. Bén
canh d6 3 loai cam bién nay s€ phat sinh
sai s6 néu trong qua trinh do ¢ anh hudng
cua yéu 6 moi truong nhu nhiét do va do
am [4].

Hi¢n nay, by quan sat cho dong co
DC str dung cdc ma tran trang thai thay
cho cac cam bién do nhitng vu diém nhu:
giam thiéu sai s6 do méi truong, ting tinh
linh hoat va kha nang kiém soat hé théng,
giam thiéu chi phi va tang hiéu suit [5].
Chinh vi vay, nhom téac gié thuc hién chon
nghién ctru nay: “NGHIEN CUU THIET
KE BO QUAN SAT TRANG THAI CHO
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HE THONG DIEU KHIEN DONG CO
MOT CHIEU”.

B0 quan sat trang thai cho hé thong
diéu khién dong co mot chiéu trong bai bao
nay udc lugng cac dai lugng sau: goc quay
(0), vén toc quay (), dong dién (i ) va gia
tri mémen nhiéu (d).

2. Tong quan vé by quan sat nhiéu
(Disturbance Observer) va hé théng
diéu khién

B6 quan sat nhiéu bac 3 (DOB) 1a bd
diéu khién phan hoi dau ra vong trong c6
vai trd loai bd cac nhiéu bén ngoai va lam
cho bo diéu khién duong co sé vong ngoai
tré nén manh mé truéc nhitng bat on cua
dbi twong. Do d6, hé thong vong kin DOB
gan gidng nhu hé thdng vong kin danh dinh
theo bo diéu khién co sé va mo hinh ddi
tuong danh dinh ma khong cé nhiéu [6].

Bo quan sat nhiéu c6 cic loai quan sat
nhiéu loan nhu sau:

Bing 1: Céc dang thiét ké DOB [7]

Hé | Cac miu thiét | Poi twong wéc
thong ké DOB tinh (est)
(1) Ham truyén | Chi c6 nhiéu
(2) Bo quan sat | T4t ca cac bién
danh dinh trang thai va
Hé nhiéu
thpng . .| Tt ca cac bién
lien | (3) BO quan sat . .
trat tu t6i thigu | 208 thdi ngoai
tuc T trir dau ra
R .| Cac tham sb,
(4) B quan sat |, .« .
thich tmg bién trang thai
va nhicu
Hé | (5) Ham truyén | Chi c6 nhiéu
thén R , . .
kyg (6) BO quan sat | T4t ca cac bién
thuat danh tinh trang thai va
s 6. nhiéu
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trat tu ti thiéu

Hé | Cac miu thiét | P6i twong wéc
thong ké DOB tinh (est)
(7) BO quan sat | Tt c4 cac bién

trang thai ngoai

trir dau ra

Tat ca cac bién
trang thai va
nhiéu

(8) Bd loc
Kalman

Trong 8 loai DOB dugc trinh bay thi
riéng b loc Kalman khong phai 1a bd quan
sat nhung dugc liét ké trong bang nay vi
dugc thiét ké dé udc tinh nhiu. B¢ loc
Kalman va by quan sat thich tmg co thé
duoc thiét ké dudi dang ca hé thong lién

Tham chiéu
gia toc

Bo diéu
khién ngoai
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tuc va hé théng, nhung ching bi gidi han &
nhing diéu trén.

Dé c6 thé ude tinh cung lac cac bién
trang thai ban dau cua ddi tugng diéu khién
nhu 13 bién vén tdc va bién dong dién thi co
thé str dung ly thuyét vé quan sat tong quat.

Vé mat 1y thuyét, DOB biéu thi trong
cac ham truyén twong duong voi cac DOB
xudt phat tir qua trinh thiét ké cho bd quan
sat bac tdi thiéu, nhu duoc chira & Béang 1.
Su khac biét giita hé thong lién tuc va hé
thong s6 1a viéc thiét ké dua trén 1y thuyét
diéu khién lién tyc hay 1y thuyét diéu khién
s0. Néu khong can xem xét anh huong ctia
thoi gian diéu khién thi tot hon nén thiét ké
mot hé thong lién tuc [8].

Nhiéu

i
i
1 - £

‘—>i Gia toc a

—— Ddi trong 1
—@—+—» Ngora )y

B quan sat
nhidu

Hinh 1: Cdu tric co ban cta hé théng diéu khién dua trén diéu khién gia téc

Dé biéu dién chuyén dong cta dong co
DC, thuong sir dung ba phuong trinh sau:

v.0=R,i, 0L, B0tk o)

Trong do, v la dién ap phén ung, i
1a dong dién phan ung, o 1a toc do quay,
R, la dién tr¢ phan ung, L_1a do tw cdm
phan ng, va K. la hing s6 suit dién dong
cam ung.

(1) =K, () (2)

Trong phuong trinh (2), 7 1a mOmen
phan ung, va K, 12 hang s6 mémen

54

da(t)
dt

Trong phuong trinh (3) J 13 mémen
quéan tinh cia rotor, m 1a tbc d6 quay va t f
la m6 men nhicu.

Phuong trinh (1) biéu thi cac tinh
chat vé dién; Phuong trinh (2) thé hién su
chuyén ddi tir ddc tinh dién sang ddc tinh
co; va phuong trinh (3) biéu dién phuong
trinh dong nang quay.

=10 10  ®

Momen nhiéu 1 f técv dung 1én dong co
dugc coi 1a mémen t_ d€ ban than dong co
van hanh chur khong phai mémen do ngoai
luc tac dong [9].
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Dong dién
Dlé“‘ khién Piénap | z _____ NhiZu
i dong .
*f\ \ 7, Van tée
\/ \/ quay
+ 0]
T g L K,(s) >
K| _A ',
- Mach bién
tAn |t
K <
. . (e
Bo diéu khién ‘ o
. < Dong dién
momen Xoan TR
hoi tiép

Hinh 2: So dé khéi ctia hé théng diéu khién déng co DC mé-men xodn

Trong Hinh 2, ham truyén tuong duong
1
Ls+R,

Pé diéu khién dong co, mach bién
tan nhu Ginv dugc st dung dé dat dién
ap v, va dong dién 1, tao ra mo-men
xodn 7. Mit khac, vi mé men xodn
khong duogc tao ra truc tiép, ngay ca khi
mo men nhidu can trd chuyén dong, nén
khong thé thuc hién dugc viée diéu khién
triét tiéu nhiéu.

Vi vy, trong nhiéu truong hop, cam
bién dong dién duoc si dung dé thyc hién
phan h01 trang thai sao cho gia tri cua dong
dlen 1 gan voi gia tri tham chiéu hién tai

L Trong truong hop nay, bo diéu khién
dong K, (s) duoc thiét ké dé co do loi cao
dé dat duoc phan hdi nhanh nhét co thé. Do

d6,két qua thu dugc 1a 1,
Bén canh d6, ¢ phuong trinh (2) c6 thé

tim moi quan h¢ cua 1, = —1,.va hé so

‘ | . 3 , .,
khuéch dai — duoc thém vao trudc gia
tri tham chiéu dong dién. Do d6 c6 thé dat
dugct, =1 _[10].

3. Ma tran va hang ctia by quan sat
dong co DC

Xét phuong trinh x = x, %, x g
=0 o i]"voi ngo vao diéu khién u = v,
va nhiéu d = T, Déi véi dau ra duoc quan

sat, gid stir rang 0

y=q90

1
a
st dung cam bién goc quay, cam bién van
toc quay va cam bién dong dién tuong ng.

Electrical ) Kotauonal
current Disturbance velocity
s torque F————=— . == )
R L, (=x 3) rq flr k -i Rotation
Electrical = d | angle
voltage Torque ! o ' -
. — ! =
v+ 1 (‘x3) 1 - -1 1 (Xz) 1 @ 1 | @ ( tl )
< — P Kt ‘ e 4 T -+_’
i L ) + J s s |
| a | !
[ ! : : !
i i [k @ (=x; =%) !
i T e* ! !
v v . M
Voltage Current Velocity Angle
sensing sensine sensing sensing

Hinh 3: So dé khéi ham truyén bé quan sdt trang thdi cia déng co DC
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Gia su rang chi c6 mdt loai cam bién
dugc lap dat. Tur hinh 3, ta co

x,(t) = 8(t) = w(t), and x, (t) = &(t)
- %(Ktia (-7, () - KO(D)
X0 =10 = 20, 0-K 00 -R i, )

Tt x=Ax +Bu-B, dva y=C,xthu
duoc phuong trinh trang thai sau:

i I 0
o) [= i 0 Tt o(t)
Lol |, KR, [0
) ) L La La_
0 T
+ 0 Va(t)-|:0 O} T,()
S
_La_
Cx=[1,0,0]x
y(t)=4C,x=[0,1,0]x 4)
C,x=[0,0,1]x
Cx= [1 0, 0:|X khi cam bién gbc
quay duoc thiét 1ap
Cx= [O,I,O]x khi cam bién van toc
quay duoc thiét 1ap

Cx= |:0 0 I:IX khi cam bién dong
dién duorc thiét 1ap

Néu tin hiéu phan héi 1a cam bién goc
quay, thi c6 dugc phuong trinh sau:

C 1 0 O
U,=|CA |=] 0 T 0 |
C,A* k/J 0 K,/J

56
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Dinh thtc cta ma trin U, la
det(U,) =K, /J (d6i v6i hé thong 1 ngd
ra, néu dinh thuc khac 0 va rank nhét quan
v6i bac n thi co thé quan sat duogc). Mac
khac rank(Um) 3v6i bat ky gia tri nao

cta k thi déu c6 thé quan sat dugc [11].

Néu doi tugng dong co DC dugc do
luong bdi cam bién van toc quay, thu dugc
phuong trinh sau:

C,
U,=| C,A
| C,A?
0 0
=|-k/J K. /J | (6)
k kk, KR,
| oL, L,

kK R
Khi det(U,) = ——*va det(U,,) =0
1 J°’L
voi k=0 a
Tur phuong trinh (6) c6 dugc hang ctua
ma trdn U , la:
3
rank(U ,) = {2
Hang cia ma tran U = 3 thi c¢6 thé
quan sat duoc néu k # 0 hoac U,=2sé
khong thé quan sat dugc néu k = 0

Néu d6i tuong dong co DC dugc do
luong boi cam bién dong dién, thu duogc
phuong trinh sau:

G,
U,=| CA
|C,A
0 0 1
=| 0 -K,JL, KJ/I |7
Kk KR, RZ kk,
L, L L, |
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Khi dinh thirc det(U,,) =
v6i k=0 thi det(U,,)=0

Khi d6 hang ctia ma trdn U, la:

3
rank(U ;) = {2

Hang cua ma tran U, = 3 thi co thé
quan sat dugc néu k # 0 hoac U,= 2 sé
khong thé quan sat duoc néu k = O

Nhin chung, vi hé théng khéng co hé
sO giam chan va véi k = 0 thi goc quay
khong thé dugc woc tinh tir cam bién van
tdc quay. Trong hinh 3, khi k = 0 khong ¢6
tin hiéu phan hi gia tri vé goc 0 [12].

Bdng 2: So sanh kha nang quan sat
Unl13]

.o C6 thé wéc
. 1K Kha nang , .
Cam bién . tinh dai
quan sat Ar 1
lwgng vat ly
Cam bién , ,
gbc quay Quan sat duoc 0, 0,1
Cam bién Quan sat duoc
van the néu c6 hé so 0,1,
: giam chan
Cam bién Quan sat duoc
done dicn néu ¢ hé s 0, w,1,
g dic giam chan

Bdng 3: So sanh kha nang quan sat
Uy va U

Cam | Kha ning | Cé thé wéc tinh
bien quan sat | dai lwgng vat ly
C:am bién | Quan sat 0,0, .,
gbc quay | duogc
A Du c6 hé s giam
, .k Khén Je ) ~
Cam bién £ chan hay khong
A LA quan sat A A X
van toc déu khong thé
duoc .
udc tinh dugc
Cam bién | Khong Du;CO heso glam
A , chan hay khong
dong quan sat A A X
A déu khong thé
dién duoc .
udc tinh duoc
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Tuy nhién, khi hé théng ¢ hé sé giam
chan va voi k # Othi gia tri goc s& duoc
phan hoi dén bo quan sat trang thai van
toc hodc dong dién. Pic biét, co thé thiét
ké mot hé thong diéu khién khong co cam
bién goc khi quan sat gia tri dong dién, ma
cac dai lugng vat 1y co dién tir nhu 1a goc
0, van toc o thi duge ude tinh chi tir dai
lugng vat ly dién (dién 4p v,, dong dién
i,)[14].

4. Két qua mé phéng bd quan sat
trang thai h¢ thong diéu khién dong co
mét chiéu

4.1 M6 hinh héa dong co mdt chiéu

Mo hinh héa d6i twong dong co DC
dugc xay dyng trén phan mém mo phong
MATLAB/Simulink. M6 hinh dugc xay
dung trén phién ban MATLAB 2019 [15].

Tw
trwong
R L tinh
AN A0 T
8
( T
v Machphan D @
Rotor b6

Hinh 4: So dé6 mach déng co DC

Mo phong dong co DC trén phan mém
MATLAB dua theo Bang 4

Bing 4: Thong so dong co

E%i‘;gc? Pai lwgng Gid tri
Ra |Dién trd phan ting 4
La |Cudncam phantng| 2.75¢-6
Ke ?gfgg > fm“agt dien| 6 00274
Kt Hing s6 momen 0.00274
b Heé s6 giam chan | 3.5077¢-6
Momen quan tinh | 3.2284e-6
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Bing 5: Thong s6 mé phong [16]

%% Physical parameters
Ra=4;La=2.75¢-6; % Armature
resistance & inductance

Ke=0.0274; % Inductive electromotive
force constant

Kt=Ke; % Torque constant
b=3.5077e-6; % b is a damping
coefficient

J=3.2284¢e-6; % Rotor moment of inertia

k=0; % Modulus of elasticity of torsion
spring %% State space model

A=[0, 1, 0;

0, -b/J, Kt/J;

0, -Ke/La, -Ra/La];
B=[0;0;1/La];Bdis=[0;1/J;0];D=0;
C1=[100];

C2=[010];

C3=[001];

%% Create extended system and
observer design

A =[A -Bdis;zeros(1,4)];

B =[B;0];C1_=[C1 0];D_=D;

pole ob=[-5,-6,-7,-8];

H temp=place(A ’,C1 _’,pole ob);
H=H temp’;H1=H(1:3);H2=H(4),
%% Stabilized control system design
pole fb=[-1.2,-1.3,-1.4];
F=place(A,B,pole fb);

x0=[0;0;0];

Hinh 5: Mé hinh héa MATLAB mé phéng déng co DC

58

tetaf——

o R k o —
ia
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Keét qua moé phéng
150
2100
"0k
0 T I | |
0 00 0l 015 02 025
- : ; 1 :
3 400 =i
g m oga
0 . ‘ |
0 005 01 015 02 025
3000 T ] T I T
2000 1 1

1 Il i 1
[} 0.03 0.1 ) 0.13 0.2 0.23
Time(s)

Hinh 6: Két qua mé phéng trang thdi cia 0, w, i,

4.2 M6 hinh héa by quan sat trang
thai dong co mot chiéu

M0 hinh hoa dbi trgng bo quan sat hé
thong diéu khién dong co DC duge xay
dung trén phan mém mé phong MATLAB/
Simulink. M6 hinh dugc xdy dung trén
phién ban MATLAB 2019 [17-18].

Ma trin Ma trin
iopn nhié doi twong _
Tin hiéu i diéu khién Tin hign
wie F 7 b
o) T
x(r) = Ax(t)Bu(t) B quan

______________ sat nhiéu

4

r—--

Hinh 7: So d6 mé hinh todn bé quan sdt

Trong hinh 7 tin hi€u ngd vao r(t)
chinh 1a dién ap phan tng (Va). Tin
hiéu ngd ra y(t) bao gdm cac tin hiéu
géc quay, van tdc quay va dong dién
(ia). Ngd ra udc tinh y(t) bao gdm goc
quay udc tinh, van toc quay wéc tinh
va dong dién udc tinh dugc mo hinh
héa mé phong bang phan mém Matlab/
SIMULINK ¢ hinh 8.

TAP CHi KHOA HOC | 71550



Joupnal 01( Science - V L U T E

ss_nhieu

Hi'u
Bdis"u "
L '
5

" .
.
B'u +
A'

Hinh 8: Mé hinh héa bé quan sdt hé théng diéu khién
déng co mét chiéu

Két qua mé phéng:

Teta
~==Omega ||
| _===Curent

Hinh 9: Két qud mé phéng cua géc quay (6), vén téc
quay (w) va dong dién (i )

Tir hinh 9 thdy dugc: Goc quay 0, van
tdc quay © va dong dién i, qua do giai doan
dau va tré vé trang thai 6n dinh sau gidy
thir 7. Trong do6 gia tri vi tri (0) qua do tang
dan tir gidy thir nhat dén 7 gidy va 6n dinh
O gia tri cao nhét va khong c6 do vot 16.
Van toc (o) dat gia tri qua do cao nhat &
gidy thtr 2 va dan 6n dinh tir gidy tht 2 dén
gidy thir 7 va ¢6 do vot 16 1a 6% . Dong
dién i, qué do muc cao nhat & gidy thtr 3 va
dan 6n dinh tir gidy thir 3 dén gidy thir 7 va
6 do vot 16 1 9%

45 [ ‘
ol
30 -

25
20

e 451 | 4

Po—ily
——Uéc tinh la
E3

“urrent (A)

=T 913 4 5 6 7 8
' Time (s)

Hinh 10: Két qud mé phéng dong diénii, vai,

ISSN 261 5-9945

Hinh 10 hién thi: Thoi gian qua do cta
i to 1 gidy dén 8 gidy dau, trong do E3 1a
sai sO glua i afest )Va 1. Gia tri sai 5O dat gia
tri cao nhat 1a -4.5 ta1 thoi diém 1 4 giay
cling tic 13 tai thoi diém nay sai s6 gitta
ia(est) vai lacao nhit va léch nhau khoang
30.7%. Sau d6 E3 dan giam vé O va dat gia
tri 0 tai thoi gian 2.2 gidy trd vé sau ciing

c6 nghia la gié tri 1 V@ 1, bang nhau.

" |=—0Omega
. ——Uéc tinh Omegal
[e—E2

clocity (rad’s)

=152 25 3 35 4 5 5 55 6
Time (s)

Hinh 11: Két qua mé phéng w va w

(est)

Khao sat hinh 11 biéu dién: Thoi gian
qua dg cia ® tir 1 gidy dén 8 gidy dau, trong
do E2 1a sai sb glua o va o_,. Gia trj sai
s6 dat gia tri cao nhat 1a -1.5 tai thoi diém
1. 4 gidy ciing tic 1a tai thoi diém nay sai
s6 gitra © va o, la cao nhat va lech nhau
khoang 40.5%. Sau do E2 dan giam vé 0 tai
thoi diém 2.2 gidy tro vé sau ciing c6 nghia
la gid tri © va (oestbéng nhau.

—Theta
——Uoc tinh Theta

5 2 25
Timc (s)

Hinh 12: Két qua mé phéng @va 6,

Hinh 12 mo ta: Thoi gian qua do cua
theta tir 1 gidy dén 8 gidy, trong d6 El 1a
sai s0 gilta O va 0. Gid tri sai s6 dat gid tri
cao nhat 1a -0.1 tai thoi diém 1.4 gidy ciing
tic 1a tai thoi diem nay sai s0 gita O va 0
la cao nhat va 1éch nhau khoang 25% sau
d6 E1 dan giam vé 0 va dat gia tri 0 tai thoi
gian 2.2 gidy tr& vé sau ciing c6 nghia la
gid tri 0 va 0_ bang nhau.
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Hinh 13: Két qua mé phéng ciia momen nhiéu

Khao sat hinh 13 biéu dién: Ubc
lugng momen nhiéu (Disturbance torque
estimate) qua do tai thoi diém 1 gidy va
sau 2 gidy thi gia tri cua DTE (Disturbance
torque estimate) bang v&i gia tri dat cua
momen nhiéu (Disturbance torque).

ISSN 2681 5-9945

5. Két ludn

Bai bao nay gidi thidu vé nghién ctru va
thiét ké bo quan sat trang thai cho hé thong
diéu khién dong co DC dua trén mo hinh
toan hoc. Sau d6 sir dung phan mém MAT-
LAB/Simulink dé thuc hién mé phong hé
thong diéu khién danh gia tin hiéu phan
hdi cua bd quan sat, gitip dong co DC hoat
dong mdt cach dang tin cdy, tang hi¢u suét
lam vi¢c cho dong co, theo doi dugc tin
hi¢u cua dong co khi hoat dong ma khong
bi nhiéu, mai mon do cac gia tri nhiéu sai
s6 tir cam bién gay ra.
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