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THIET KE BO DIEU KHIEN TOI UU TOAN PHUONG
TUYEN TINH CHO KENH DO CAO THIET BI BAY

SYNTHESIS OF SLIDING CONTROLLER ON BASIS LINER QUADRATIC REGULATOR

FOR AIR-ROD DRIVE SYSTEM

TOM TAT

Kénh diéu khién d cao mdy bay c6 vai tro rdt quan trong trong 6n dinh
duting bay. Bai bao trinh bay két qua xay dung b diéu khién t6i uu toan phuong
tuyén tinh cho kénh do cao. Céc két qua kiém nghiém bang md phong trén phan
mém Matlab-Simulink cho thdy b diéu khién nay dam bao dugc do chinh xac
bam; 6n dinh duoc dd cao ngay ca khi ¢6 nhiéu manh.

Tir khéa: Diéu khién toan phuong tuyén tinh, mdy bay, do cao, chuyén
dong doc.

ABSTRACT

The aircraft altitude control channel plays a very important role in stabilizing
the flight path. This paper presents the results of building a liner quadratic
regulator controller for the elevation channel. The test results by simulation on
Matlab-Simulink software show that this controller ensures tracking accuracy;
stable altitude even in the presence of strong noise.

Keywords: Liner quadratic regulator controller, aircraft, altitude, vertical
motion.
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1. DAT VAN BE

Diéu khién quy dao bay hay con goi la diéu khién ty
déng chuyén déng khéi tam cé vai trdo rat quan trong
trong giai doan phat trién cla cac hé théng diéu khién tu
déng thiét bi bay. Trong dd, én dinh dé cao gdép phan
khéng nhé vao én dinh quy dao bay. Hién nay, mét s6
thiét bi bay ctia Quan ching Phong khéng - Khéng quan
da qua nhiéu nam s dung, thiét bi xudéng cap, bd diéu
khién lac hau, rdt cdn nghién clu nang cap, hién dai hoa
dé dap Ung t6t hon nhimng yéu cau cda chién tranh céng
nghé cao. Huéng nghién ctu chinh cla bai bao la tap
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trung vao viéc khdc phuc nhitng nhugc diém cla vong
diéu khién hién cé trén kénh d6 cao, do la tinh 6n dinh
nhanh, chéng rung t6t khi c6 nhiéu khi dong hoc tac
déng. DE dap ung diéu d6 can c6 bo diéu khién co tinh
bén viing cao. Qua khao sét cho thay bé diéu khién téi uu
toan phuang tuyén tinh (LQR) cho két qua tot ngay ca khi
€6 cac yéu to nhiéu loan tac dong [1, 51.

2. MO HINH KENH BIEU KHIEN DO CAO TRONG CHUYEN
DONG DOC CUA MAY BAY

-
-

Hinh 1. Biéu dién cac luc tac dung 1én mady bay trong chuyén dong doc

Diéu khién chuyén dong doc ctia khéi tam may bay la
diéu khién do léch cao AH so véi quy dao bay cho trudc
(hinh 1). N6 gilr vai tro rat quan trong trong cac giai doan
bay khac nhau, tir khi cat canh, bay hanh trinh cho dén khi
ha canh tiép dat [2-4].

Nguyén tic diéu khién tu dong la loai tri sai léch AH
dam bao 8n dinh d6 cao may bay theo dé cao quy dao bay
cho truéc.

Trong d6: w, =ku, la téc dé dat do vong ngoai dua
vao.

TU hinh 1 va [1] ¢4 hé phuang trinh chuyén déng doc
clia may bay:
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dw
M= Pcos(a—a, ) —Xcosa, +Ysina, —Gsin®

mW% =Psin(a—a, )—Xsina, +Ycosa, —GcosO

dw
J,—2=3M
" : (M
w =3
ﬁ:WsinE)
dt
$=0+(a-aqa,)
Trong do:

P: Luc ddy ctia déng co, c6 phuang, chiéu trung véi truc
doc clia may bay; 9: Goc chic ngéc; a: Goc tan; 8: Goc
nghiéng quy dao; m: khéi lugng may bay; w,: téc d6 goc
quay quanh truc z X: Luc can chinh dién; Y: Luc nang;
G: Trong luc clia may bay; W: D6 16n vetor téc d6 hanh
trinh; M: Momen ngoai lyc tdc ddng 1én mdy bay; H: D6 cao
cGia may bay.

Hé phuong trinh (1) la hé phi tuyén cé cac ham lugng
gidc, mat khac cac luc va momen cling phu thuéc vao céac
théng s6 bay phi tuyén, do vay viéc phan tich diéu khién la
rat phuc tap va gap nhiéu khé khan, nén can tuyén tinh héa
hé (1). Sau khi tuyén tinh héa ta co:

é+£q:0

S+av 9+af, =ay (-6;)

9-0-a=0 (2)
H=W,0

w, =49

Véi: a%;a% ;a% ;a%

y? o m, 27 m, > ¥ m,

la hé s6 gia téc theo céc truc.

Theo céac biéu thic quan hé dugc trinh bay & [1], cac
phuong trinh chuyén déng doc chu ky ngén theo toan t
Laplace c6 dang:

a;‘a+ SO=0;
@ +a’ P)a+S”+a“P)9 =a” (-5,); 3)
0+ a-9=0.
Khi may bay bay bing déu, khong cé nhiéu thia’, nho
c6 thé bd qua. Hé phuong trinh (3) dugc viét lai nhu sau:
s6+aja=0
a’ a+(s’+a%s)9=a’ (-8,); 4)
-0-a+ 9=0
TU (4) rat ra ham s6 truyén cla téc d6 goc chic ngoéc la:
IP) _ o TP+

W (P) = ;

! -84(P) T
B K w? T,P+1 Ky (TP+1)w]
PP+28 w P+w?) T, (PP+2€ w P+w®)
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Trong do:
1 . .
Ty =—— la hang s6 thdi gian theo goc nghiéng quy
a
y
dao.
8
8 _ Naqa s N . ~ A 2 .
K% = la ham truyén may bay theo t6c dé géc chuc
[¢]
ngog;

Ham truyén may bay theo t6c dé goc chuc ngoc:
K2 (T,P+1) w?
W2 (P) = —~ T,P+1) o]
(P*+28, ,w P+w}) P

Tu moi lién hé gilra d6 cao va goc nghiéng quy dao:
dH

—=W.6
dt

Rut ra ham truyén dé cao may bay theo t6c dé goc chic
ngoc la:

s PH=WO —)H:%G )

_H(P) _ 6(P) HP) _ K w? 1TW
T 8,(P) -6,(P)6(P) (P?+2€,w P+w?)P P

W, (P)

Bi€u thurc lién hé do cao vdi thdng s6 chuyén déng goc
: W,
clia may bay: AH=W,A8, hay H :T°G
M&i quan hé gilta g6c nghiéng quy dao 6 va gdc chic
ngoéc 9
= ! 3;192100 i =>0= ! .l(.o
TP +1 TP+1P

P z! z
Trong trudng hop ham truyén cla co ciu trg dan
Wp(P) = 1, ¢6 quy luat diéu khién dé cao st dung w,:

85 =Kgrw, +Ki (H, —H) (9)

Trong d6, tin hiéu H,, Hdugc 1y tir bé hiéu dinh dé cao

hodc tur cac dai do cao vo tuyén.
1]s L oW, |H
[P| ] |meer| | B

Hy o

—

KALP+1kf | o
P2 o P+t

b

Y e SO~
. I\.:‘ :a@'.—-

H

m

Hinh 2. So d6 cdu tric mach vong diéu khién 6n dinh d6 cao

Trong sG d6 cau trdac (hinh 2), hai mach vong trong la
cac mach vong diéu khién vi tri géc cia méy bay; mach
vong ngoai la mach vong diéu khién quy dao clia may bay
(trong chuyén déng doc la dé cao). Tinh chat dong hoc cda
mach vong phu thudc vao tinh chat déng hoc hai mach
vong trong.

3. THIET KE BO PIEU KHIEN LQR ON PINH PO CAO

Xét mot hé théng diéu khién mé td bai phuong trinh

khong gian trang thai:
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X = AX +Bu véi u(t) = —Kx(t) (10)
Trong dd, K 1a ma tran hé sé phan hoi. Nhiém vu dét ra la
phdi cuc tiéu héa (t6i uu héa) chi s6 chat luong
J:I(XTQx+uTRu)dt. Véi Q, R 13 nhitng ma tran xac dinh
0

duong hodc ban xéac dinh duong hodc ma tran thuc déi xdng.
Tu (10) ta co: x = Ax -BKx=(A -BK)x an
Thay (11) vao céng thuc tinh chi sé chat lugng J ta cé:

)= j(xTQx+ K™x"RKx)dt =ij (Q+K'RK)xdt (12)
0 0

Bay gid ta chon ham Lyapunov:
V(x) =x"Sx ; V(x) > 0, Vx
Vi S la ma tran vuong xac dinh duong.

= V(x) = X"Sx + x"Sx + X" Sx

(13)

=x"(A—BK)"Sx +x"Sx + X"S(A —BK)x
=X"[(A—BK)"S+S+S(A —BK)]x (14)
Do V(x) xac dinh ducng, nén dé hé théng 6n dinh thi
V(x) phaila xac dinh am.
Tadit:  V(x)= %(x%x) = —x"(Q+K"RK)x

(do Q va R la ma tran xac dinh duong nén ma tran (Q +
K'RK) ciing |a xac dinh duong, tir d6 V(x) sé 1a xac dinh am).

= x"(Q+K'RK)x = —x"[(A —BK)"S + S(A —BK) + $]x

Q+K'RK = (A—BK)'S+S(A—BK)+$ (15)

Theo tiéu chudn 8n dinh thi hai cda Lyapunov, néu ma
tran (A - BK) 6n dinh thi sé ton tai mét ma tran xac dinh
duong S théda man phuong trinh (15).

Chi tiéu chat lugng bay gid c6 thé dugc xac dinh nhu sau:

T T Tey|”

J:.([(x Qx +u'Ru)dt = —x Sx|0 (16)

= —x(0)" Sx(0) +x(0)" Sx(0)

DE& hé théng 6n dinh thi x(c0) >0 nén J=x"(0)Px(0).
Vay chi s6 chat lugng J c6 thé xac dinh duoc tur diéu kién
vao x(0) va ma tran P.

DatR=T'T, phuong trinh (15) trg thanh:

(AT —K'B")S+S(A—BK)+$+Q+K'T'TK =0

Phuong trinh trén c6 thé viét lai nhu sau:

ATS+SA +[TK—(T")'B"S]"[TK —(T")'B"S]

~SBRB'S+Q+5=0

Chi tiéu chat luong J dat gia tri cuc tiéu khi biéu thuc:
X' [TK—=(TT)'B'S]"[TK—(T")'B'S]x dat gia tri cuc tiéu.

Theo [5] c6 thé cuc tiéu hda J theo K véi K=RB'P, vdi
P la nghiém cla phuong trinh Riccati:

A"P+PA-PBR'B'P+Q=0

(17)

(18)

(19)
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Luat diéu khién t&i uu lic nay sé la:

u(t) = —Kx(t) = —R'B"Px(t) (20)
H, ~0p 5 2 | % 8 0 H
DD K3 (Tys +1)a, L w, e

H 2 +28, 0,5+ @, Tys +1 s

<
<
K<
<

LQR

Hinh 3. So d6 cdu trdic bd diéu khién LQR két hop mach vong 6n dinh d6 cao
4.MO PHONG VA DPANH GIA KET QUA
4.1. Tham sé mé phong

Cho may bay véi cac ddc tinh nhu sau: Dién tich canh:
S = 23m?% Trong lugng: G = 7300kg; Momen quan tinh:
J, = 630KgmS?; J, = 5250KgmS? Day cung khi déng trung
binh: b, = 4m; Kich thudc khi dong: L = 7,15m; B cao bay
H=5000m, M =0,5.

m

. " , 1 1
Ung véi M = 0,5 c¢: ay :—0,4[5—2} jan, :—1,981[5—2};

ap, :O,266[l2} ay; :0,916[%}? a :12,106{%}?
. S : s ‘ S
g

1 apn, K2
Ty =——=2,5[s];K¥ =—==3,671;K* =—==1,468..
a w s T

2
y a 0

Qua tinh todn c6 ma tran hé s6 phan héi:
[K] =[0,83190,6673 0,0002]
4.2. Két qua mé phéng

+ Trudng hop 1: Pd cao bay thay d6i (H = 5100m),
khoéng c6 nhiéu.

Két qua md phdng trén hinh 4 cho thay véi bo diéu
khién LQR, may bay dat do cao can thiét mot cach ém 4i,
khéng dao dong, khong c6 d6 qua chinh, sai s6 xac lap
bang khong. Goc chic ngoc va géc nghiéng quy dao dam
bao tét.

0 GO kY BAY

Hinh 4. Két qua md phdng ché do tinh khdng c6 nhiéu

Website: https://tapchikhcn.haui.edu.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

+ Trudng hop 2: D6 cao bay thay d&i theo ham nhay bac
tur 5000m 1én 5100m Ién 5300m rdi gidam xuéng 5200m,
khong c6 nhiéu.

Hinh 5. Két qua mé phdng do cao bay thay ddi khong nhiéu

Trong trudng hop 2, bd diéu khién LQR ¢ tinh tac dong
nhanh cham hon, nhung thoi gian dat trang thai xac lap la
nhu nhau va tinh 6n dinh t6t han (hinh 5).

+ Trudng hgp 3: D6 cao bay khéng d6i (H = 5000m), gia
si ban dau may bay bi Iéch khéi quy dao 10m, c6 nhiéu.

Hinh 6. Két qua m phong ché do tinh 6 nhiéu

Trong trudng hgp cé nhiéu, d6 rung lac clia may bay s
dung bo diéu khién LQR giam di dang ké, chat lugng diéu
khién t6t hon hdn bd diéu khién theo mach vong hién tai
dang st dung (hinh 6).

Hinh 7. Két qua mé phdng do cao thay ddi theo ham step véi nhiéu
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+ Trudng hop 4: Po cao bay thay déi theo ham step, c6
nhiéu (hinh 7).

4.3. Nhan xét két qua

Qua két qud md phong ta thdy, mach vong 6n dinh d6
cao da 6n dinh dugc hé théng, tuy nhién khi cé tac ddng
cUa nhiéu thi d6 cao bay bi anh huéng nhiéu hon so véi bo
diéu khién LQR. Qua trinh qua dé cta kénh d6 cao khi s
dung bo diéu khién LQR khong c6 dé qua chinh, thai gian
qua dd ngan, qué trinh diéu khién ém ai, chéng rung tét.
Cac goc chic ngdc, géc nghiéng quy dao 6n dinh, giam
dugc dao dong khi cé nhiéu khi dong hoc.

5. KET LUAN

Bai bao da trinh bay két qua xay dung bo diéu khién t6i
uu toan phuang tuyén tinh cho kénh diéu khién d6 cao cla
thiét bi bay trong quan sy. Phan trinh bay dugc bat dau tu
viéc xay dung mé hinh co hé, téng hop bo diéu khién, mo
phéng bang phan mém Matlab-Simulink. Cac két qua kiém
nghiém cho thay:

- Thit nhét, viéc st dung bo diéu khién LQR lam ting
tinh 6n dinh cda hé théng, dm bao dé chinh xac khi bam
dé cao.

- Thi hai, phuong phap nay da giup giam téi da sai so
va hién tugng dao dong trong diéu kién hé théng chiu anh
hudng cla cac yéu t6 phi tuyén, nhiéu loan khi déng hoc
trong qua trinh bay.
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