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THIET KE BO DIEU KHIEN PHAN HOI DAU RA THiCH NGHI
TREN €O SG BO QUAN SAT TRUOT BAC CAO
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DESIGN OF ADAPTIVE OUTPUT FEEDBACK CONTROLLER
BASED ON HIGH-ORDER SLIDE OBSERVER FOR MISSILE LAUNCHERS
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TOM TAT

B diéu khién ctia hé truyén dong bé phdng cd vai tro rdt quan trong trong
on dinh chat lugng diéu khién, ting xac sudt tiéu diét muc tiéu. Bai bdo trinh
bay két qua xay dung bd diéu khién phan héi dau ra thich nghi trén co s6 bo
quan sét trugt bac cao cho hé truyén dong bé phong CM-90 thudc t6 hop tén
|ra phong khdng C-75-M3. Cac két qua ki€m nghiém bang mé phdng trén
phan mém Matlab-Simulink cho théy b diéu khién nay dam bao dugc do
chinh xac trong diéu khién; 6n dinh dugc hé thong ngay ca khi ¢6 nhiéu manh.

Tir khéa: Diéu khién truot, bé phdng, tén liia phong khong, déng co.

ABSTRACT

The controller of the launcher drive system plays a very important role in
stabilizing the control quality and increasing the probability of destroying the
target. This paper presents the results of building an adaptive output feedback
controller based on a high-order sliding observer for the CM-90 launcher drive
system of the (-75-M3 air defense missile system. The simulation test results
on Matlab-Simulink software show that this controller ensures control
accuracy; stabilizes the system even when there is strong interference.
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1.DAT VAN PE

T6 hogp tén Ika phong khéng tdm trung C75-M3 la
thanh phan quan trong, gép phan tao nén ludi Itia phong
khéng bao vé viing trdi T6 qudc clia Quan ching Phong
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khong - Khéng quan. Hién nay, hé truyén dong clta bé
phéng C75-M3 cua t6 hgp da qua nhiéu nam sirdung, bd
diéu khién déng ca chap hanh da cd, rat can nghién ctu
nang cap, hién dai héa dé dap ung tét han nhiing yéu cau
cla chién tranh céng nghé cao. D& céi thién chat lugng
diéu khién ctia bé phéng chl yéu gap phai nhiing thach
thuc sau: (1) Khi tén Itia phdng, sé tao luc ddy gay nhiéu
loan manh lén hé théng. (2) Vi bé phéng bao gbm mét co
cdu quay phuong vi va mét co cdu quay goc ta, khi hai bod
CO cau quay quanh truc quay tuong Ung, sé xay ra mo
men héi chuyén va tac dong chéo gay nhiéu loan do hiéu
tng héi chuyén. Tat ca cac yéu té nay sé gay ra kho khan
cho viéc cai thién dé chinh xac cta hé théng. BE giai
quyét van dé trén da c6 nhiéu bo diéu khién phi tuyén,
tién tién da dugc nghién ctiu [1], chdng han nhu diéu
khién thich nghi [2], diéu khién backstepping thich nghi
[3], diéu khién loai bé nhiéu déng cha dong [4], diéu
khién thong minh dua trén mang naron [5], bd diéu khién
ché& d6 truot bac cao [6], cac phuong phap néu trén déu
st dung cac phuong phép diéu khién phan héi trang thai
day dd. Tuy nhién, do su bat dinh vé tham sé ciia mo hinh,
nhiéu tac dong nén cac thiét bi do khong thuc su chinh
xac, anh huéng dén chat lugng diéu khién. Hudng nghién
ctu chinh cda bai béo la tap trung vao xay dung bo diéu
khién phéan héi dau ra thich nghi trén co s& bd quan sat
truot bac cao cho hé truyén déng bé phong. Ung dung
b6 diéu khién dé xuat da ci thién ré rét dé chinh xac bam,
giam rung, tang xac suat tiéu diét muc tiéu cuta khi tai.
2. XAY DUNG MO HINH HE TRUYEN DONG

Hé truyén dong bé phong C75-M3 c6 2 kénh: Goc
phuong vi va goc ta, c6 cau tric nhu nhau. Sau day chi
di xét cho mot kénh phuong vi, kénh géc ta tuong tu.
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Theo [2, 3], ché d6 lam viéc cta hé truyén déng bé la
“ché& dd mémen xo0an”, nghia la gia tri diéu khién dau ra
la dién ap ty 1é thuan véi mémen xoan dau ra ctia dong
ca va biéu thi hé s6 dién ap mémen xo0dn 1a ky. M6 hinh
toan hoc cda hé truyén déng truc phuong vi ¢ thé dugc
biéu thi nhu sau:

y:kuu_Bequy_dn_C1w_c2w_T(t’y'y) (1)

Jequ

Trong d6: Jequ 12 tdng mémen quan tinh cda déng co
va tai; y la vi tri dau ra theo phuong vi clia bé; Bequ la hé s6
ma sat nhot; w,w la téc d6 goc va gia téc goc cta bé; ¢,
2 1a hé sé nhiéu tac dong chéo gilia hai kénh; d, la hé s6
bat dinh; t(t,y,y) la thanh phéan bét dinh va sai s6 mo
hinh.

Gia thiét tat ca cac tham s6 hé thong déu bi gidi han
va cac gidi han trén/dudi déu dugc biét. Rat kho dé biét
chinh xac cac tham s6 hé théng va khéng thé tranh khoi
viéc cac tham s8 hé théng sé thay déi trong qua trinh lam
viéc. Can phai tuyén tinh héa cac tham s6 cta phuong
trinh khéng gian trang thai dé giam su khéng chic chan
bang cach st dung luat diéu chinh tham sé va cai thién
tinh chat hé théng. T (1) co:

Jeau Be . d & '

T T T T YT Ty @
= Jeu Beu dn ¢ <
P AT AT TR T T

~ . 1 . .
d(ty.y) :k—r(t,y,y) ta co:

u

0,y=u-6,y-6,-6,0-0,0-d(ty.y) (3)
Dat x =[x,,x,] =[y,y] 1a bién trang thai, khi &6 c6 hé
phuong trinh trang thai:
X, =X,
0%, =u—6,x, -6, —6,w—-0,0—d(t,x) (4)
y=X

3. THIET KE BO DIEU KHIEN THICH NGHI PHAN HOI
DAURA
3.1. Bo quan sat trugt bac cao
Trong Ung dung thuc té, rat khé dé do van téc ctia hé
théng, do d6 can thiét ké bd quan sat dé udc lugng bién
trang thai theo thai gian thuc.
TU (4) ta co:
{)‘( = Ax +Bu+Df(t)

y—Cx (5)
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Trong dé:
0 1

()= -6, -6,0-8,0-d(t,x)]/8,

B& quan sat trugt bac cao dugc thiét ké nhu sau:

z,=z,+1(x,-z,) (6)
0

R =£——222+I2(x1—z1) 7)
91 1

X=2z+Pv (8)

vV=v(x,-2,V) 9)

ronads e C T 1o
NI ca-Le) | Tl

B& quan sat ché do trugt bac cao gom hai phan. Mot
phan 1a bo quan sat Luenberger nhu dugc thé hién trong

(6)va (7),véi z=[z, z,] laudclugng clia bién trang thai
x=[x,,X, ]T. Gia tri udc lugng chinh xac clia bién trang
thai clia bé quan sat truot bac cao dugc thé hién & (8),
trong d6 % =[%,.%,] . L=[I,,1,]" a tham s& ctia bé quan
sat Luenberger.

Bi€u thuc cu thé chia (9) dugc thé hién trong (10):

1 1

vV, =—a,M2|v, —x, +z|2sign(v, =X, +2,)+V,

v, =—aMsign(v, —V,)

Trong d6: M>>f(t), oy, a; la cac hang sé duong.

Nhu vay, bo quan sat dé xuat gém mot la b quan sét
Luenberger truyén théng cung cap tinh gigi han cla sai s6
quan sat hodc sai s6 udc tinh z-x khi cé dau vao gigi han
chua biét; phan con lai la bd quan sat ché d6 trugt bac cao,
c6 thé hiéu chinh gia tri udc tinh cla bd quan sat
Luenberger thém n(fa cac sai s6 uSc tinh c6 thé dugc gidm
nho tuy y bang cach tang g; va M d sau mét thai gian hiu
han. Hon nira, néu khong cé nhiéu va khoang thai gian lay
mau du nhd, sai s6 quan sat c6 thé hoi tu vé 0.

3.2. Thiét ké b diéu khién thich nghi phan héi trang
thai

VGi xiq4 1a gid tri dat va z; = xq - Xiq |a sai s6 theo vi tri.
Coi x, la lugng diéu khiéu do dau vao. Sai léch clia x; la
Z5 = X2 — X2eq, khi d6 cé:

Z, =X, =Xy =X, =Xy =Z, +X Xig (12)

Zeq-_
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Thiét ké x,., =%, —k.z,, ta cé phuong trinh theo sai
lach:

z,=2,-kz, (13)
TU (13) cho thay dé z; — 0 thi z, — 0, theo (3) c6:
9112 261)-(2 _e1xzeq
=U—6%,,, —6,x, —6, —0,w—6,0—d(x t)
14)

=u—6, (%, —k, (X, —%)) —6,%, —6, ~6,w—6,0—d(x,t)
=U—0 %, —6k%q (8, —8k, )X, -6, —0,0—6,0—d(x,t)
Luat diéu khién dugc thiét ké nhu sau:

u=u, +u, (15)
Trong do6:

u, =0X +0k X, +(8, -0k, )x, +6,+6,w+6,0 (16)

h2
u, =-k,z, —4—;522 (17)
Trong d6: hs gia tri I6n nhat cla sai léch

h, 2B, |

(p||+<50I +|62 —61k1|62,|>”<2|£62;

w

& la s6 thuc duong théa man:
€ >z, [(62 ~6k,)%, —6"@+u, —a(x,t)]; z,u, <0.

VGi bd quan sat ché doé truot bac cao (6), (7), luat diéu
khién phan héi dau ra thich nghi bén vimng (15), dam bao
cho hé théng 6n dinh va héi tu vé 0.

Chiing minh:

Chon ham Lyapunov nhu sau:

\A(t):%egﬁ (18)
Pao ham 2 vé (18) co:

()-8,

= —k,z2 +2, [uS +(6, -8k, )%, —éTtp—a(x,t)J (19)
Rutra: V,(t)<—k,z2 +e=-AV,(t)+e (20)

Trong d6: A :&M (0) la gié tri ban dau ctia Vi(t).

Tmin
Do d6, khi t—)oo,V1(t)=£Vé |z,| = 2|2 ;
}\ )\61 )\e1min
255 fro
Tk

Tmin

Tu luat diéu khién va bo quan sat da dé xuat tién hanh
mo6 phdéng danh gia trén phan mém Matlab-Simulink
trong phan tiép theo.
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4. MO PHONG VA DANH GIA KET QUA
4.1. Tham sé mé phéng
Tién hanh mé phoéng véi cac tham sé diéu khién:
ki=100;k,=10; 6=[0,2 0,1 0,5 0,2 0,3].
4.2. Két qua mé phéng

Kiém tra chat lugng ctia bé diéu khién théng qua dap
Ung vi tri cGia hé truyén déng trong cac trudng hop khac
nhau.

Truong hgp 1: Vi tri goc dat [a 100 do, véi mémen tai
ban dau la 30Nm, so sanh dap ung gilia hai bd diéu khién
PID va diéu khién thich nghi.

=]
=]
T

= =3 -3
S S S
T

Vi tri gbc phwong vi bé [dd]
el
o

o

—B¢ DK thich nghi
--- B&6 DK PID 4
I 1 I 1 I 1

0 1 2 3 4 5 6 i 8 9 10
Thai gian [s]

Hinh 1. Dap (ing vi tri véi mdmen tai ban dau 30Nm

Truong hop 2: Vi tri géc ddt la 100 d6, véi mémen tai
ban dau la 30Nm, tang moémen tai lén 50Nm tai thoi diém
4 giay va 7 giay.

=3
S

@
S

3
S

N
=
T

Vi tri goe phwong vi bé [d&]

~
S

=)

/ —B¢ BK thich nghi
----B DK PID
1 L L I 1 I I
0 1 2 3 4 5 [ 7 8 9 10
Thai gian [s]

Hinh 2. Dap (ing vi tri véi momen tai thay doi

Truong hop 3: Vi tri goc dat [a 100 do, véi mémen tai
ban dau la 30Nm, tang mémen tai 1én 100Nm tai thai
diém 4 giay va 7 giay két hgp nhiéu tac dong.

200

g
b=
o
=l
o
=
=}
5
F—
a
Q "
a i
o
5 = [

2 TR I R
= { " [——Bo DK thich nghi
af- --- B3 DK PID

L Il L 1
0 1 2 3 4 5 6 7 8 9 10

Thei gian [s]

Hinh 3. Dap (ing vi tri khi thay d6i mdmen tai két hop nhiéu tac dong
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=]
=]
-1

—— B4 BK thich nghi|
-- B3 DK PID

Sai sé vi tri theo goéc phuong vi [d6]

=

1=
T
L

L L 1 1 1
1.5 2 25 3 35
Thoi gian [s]

=3
o
3

Hinh 4. Sai 56 vi tri khi thay d6i mdmen tai két hop nhiéu téc dong

Qua ba trudng hagp trén cho thay, bd diéu khién dé
xuat c6 téc do dap ung nhanh, én dinh khi c6 nhiéu tac
déng. Véi bo diéu khién PID thai gian qua dé 16n, khi co
tai ngau nhién tac déng, boé diéu khién PID da khéng con
gilt dugc 6n dinh cho hé théng. Trong khi d6 bd diéu
khién thich nghi van cho dap ng tét, d6 dao déng khong
dang ké, sai s6 trong pham vi cho phép, hé én dinh sau
0,5 gidy, d6 qua chinh 0,7%; sai s6 xac lap 0,02 dé. Két qua
nay cho thay bo diéu khién thich nghi téng hgp dugc phu
hop cho yéu ciu cta hé truyén déng bé phong trong té
hop tén Ia phong khong.

Nhén xét: TU cac két qua moé phong thay rang, bo diéu
khién truot cho chat luong diéu khién t6t hon bé diéu
khién hién c6 clia khi tai, ndng cao d6 chinh xac, bén viing
vGi nhiéu.
5.KET LUAN

Bai bao da trinh bay két qua téng hop bo diéu khién
thich nghi phan héi dau ra, két hgp b quan sat truot bac
cao cho hé truyén déng phuong vi cla khi tai bé phong
tén Itia phong khéng, ching minh hé én dinh theo tiéu
chuén 6n dinh Lyapunov, mé phéng danh gia bd diéu
khién bang phan mém Matlab. Cac két qua mé phong
cho thdy bo diéu khién da dap (ing dugc yéu cau chat
lugng clia hé truyén déng, c6 thé iing dung vao cai tién
thuc nghiém trén khi tai tén I&ra C75-M3.
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