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XAY DUNG BO BIEU KHIEN TRUQT
TREN CO SO'BAT DANG THUC MA TRAN TUYEN TINH
CHO HE TRUYEN DONG PHAOQ PHONG KHONG

SYNTHESIS OF SLIDING CONTROLLER ON BASIS LINEAR MATRIX INEQUALITIES

FOR AIR-ROD DRIVE SYSTEM

TOM TAT

Bai bao trinh bay két qua xay ding bd digu khién truot thdi gian hitu han
trén co s§ bét dang thirc ma tran tuyén tinh LMI (Linear Matrix Inequalities) cho
hé truyn dong phéo phong khdng 57mm. Cac két qua kiém nghiém béng md
phong trén phan mém Matlab-Simulink cho thdy bd diéu khién nay dam bao
duoc do chinh xc bam; on dinh tdc do dong co, téi; khir duroc dao dong trong
diéu kién hé thdng chiu anh hudng cla cac yéu t6 phi tuyén do cau trdc phan co
vaxung luc khi ban gay ra.

Tir khda: BO diéu khién truot, bat déng thirc ma tran tuyén tinh, hé truyén
ddng phéo phong khang.

ABSTRACT

The paper presents the results of constructing finite time sliding controller
on the basis of Linear Matrix Inequalities (LMI) for 57mm anti-aircraft gun drive
system. The simulation test results on Matlab-Simulink software show that this
controller ensures the grip accuracy; stabilize engine speed, load; eliminates
vibrations under system conditions influenced by nonlinear factors caused by
mechanical structure and firing impulses.

Keywords: Sliding controller, Linear Matrix Inequalities, anti-aircraft gun
drive system.
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1.DAT VAN BE

Hién nay, d6i véi tac chién hién dai, phdo phong khéng
van la bd phan khéng thé thiéu tao nén ludi Iira phong
khong tam thap hiéu qud, s lugng phao 57mm trong bién
ché lyc lvgng phong khong Viét Nam la tvong déi I6n, vi vay
yéu cau dat ra la can nang cap, hién dai héa phao phong
khéng 57mm dé dap (rng t6t hon nhitng yéu cau ctia chién
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tranh cdng nghé cao. Hwéng nghién ctru chinh [a tap trung
vao viéc khac phuc nhitng nhuoc diém ciia bo diéu khién
hién cé, d6 1a tinh tac déng nhanh, dé én dinh téc do quay
clia phao khi ¢ nhiéu tac dong. Bé déap (rng digu do can co
b6 diéu khién co tinh bén virng cao. Qua khao sat cho thay
b6 digu khién trvot nhanh LMI cho két qué tét ngay ca khi cd
céc yéu to phi tuyén tac dong[3, 4, 5].

PO LUONG Goc,
TOC PO

Y

BOTAO LUAT
PIEU KHIEN

Téc d6 dat BO BIEN O

CONG SUAT

Hinh 1. So d0 khdi chiic ndng hé truyén dong phao phong khong bam sat
gdc quay huéng
2. XAY DUNG MO HINH CO HE
Phrong trinh mo ta chuyén ddng cua déi twong diéu
khién c6 dang:
do
—+M 1
eq dt c ( )
Trong dé: My: M6 men ddng co (N.m)
M. M6 men can (N.m)
Jeqt M6 men quén tinh ctia déng co (Kg.m?)
Lwc ma sat trén 6 khap va phan quay co6 thé quy doi vé
m& men can tac dong Ién truc quay phia tai;

dc:‘]

Mms = (MCOSign¢+Mcl%) (2)
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Trong dé: M, Hé s6 ma sat tinh, dau phu thudc vao
chiéu chuyén déng;
Mg Hé s6 ma sat dong phu thudc vao toc do
chuyén dong.

NéEu hé truyén dong ting dung trén cac hé théng v khi,
thi khi ban sé sinh ra céc xung lvc (phan luc) tac dong lén
phan quay. Thanh phan nay xuét hién c6 tinh ngau nhién,
dot bién, va c6 gia tri gi¢i han, ta ky hiéu M,,. Nhw vay cac
thanh phan can tré chuyén dong clia co cdu goc quay la:

Mc = Mms + Mcxl (3)

Phuong trinh md men dién ti sinh ra béi dong co chap
hanh kich tir doc l1ap c6 dang:

Mdc = Kiiu (4)

Vong dong dién phan (ng cé phuong trinh:

. di
u=Ri +L —L+e 5
u'u u dt b ()
do
e. =K, — 6
di
L —-=-Ri -K o+u 7
u dt uu b ()
Dét cac bién trang thai;
do

- T6c dd goc XFE:@

- Dong dién phan trng clia dong co X, = i,
Hé phuong trinh trang thai clia co hé:

. K. )
X, = _iMclxl +_|Xz _i(MwS'gnd)_Mcxl)
Jeq Jeq Jeq
8)
. K, R, 1
XZ = —:Xl ——uX2 +:U
Pat ma tran:
K.
BENVIN
A — |:A11 A12:| — ‘]eq Jeq ’
A21 Azz _K_b _u
Lu Lu
1 T
:
B= [Bu BlZ] = |:0 L_:| (9)
1 .
f(X,t) = _J_(MCOSIQn(p_Mcxl) (10)
eq
Phurong trinh trang thai dang téng quat:
X =Ax+Bu+f(x,t) (12)
voi x=[x, x|
Chon mdt tregt co dang:
s(e)=Ae (12)
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Trong d6, A=[Fg] va e=[e, e] Voi
€ =X~ X 38, =X, — X, (13)
X X, 12 quy dao mong mudn, F 1a vecto hé s6 khuéch

dai, g la hang sé.
Khi dat dén diéu kién truot s(e) = 0 ta co:
e, =g Fe, (14)
Sai s6 cua hé théng theo (11), (13), (14) c6:

e, =(A,—A,gFe, + ApXy, ALK, =X (15)
Gia thiét rang luat diéu khién u,, dam bao cho:

X, = AriX, AR (16)
Tl (15) va (16) c6 sai s6 cua hé kin:

é,=(A,~A,0 F)e, 17

St dung bat ddng thirc ma tran tuyén tinh LMI dé thiét
ké madt treot. Theo [2] véig >0 vamatran X, Y, W > 0 néu
bat dang thirc LMI sau thoa mén thi hé thdng sé 6n dinh:

AX =AY +XAL YA, X ) o 19
X -W

Trong gé, cac ma tran X, Y, W la cac ma tran diéu kién
cla bat dang thic ma tran LMI, sé dwgc tim dya vao ma
tran A, B va diéu kién (18).

VGi P 1a ma tran xac dinh deongP = X *;F = gYX ' thi sai
s6 clia hé théng sé tién téilan can géc 0.

Chiing minh: Chon ham Lyapunov cla hé théng dang:

V, (e,) =e]Pe, (19)
Theo (15)
V,(e,) =e;Pé, +é/Pe,
. . T

:eIP(An —-A,9 1F>el + eI (An -A,9 1F) Pe,
Gia str bat déng thic sau théa man:
P(Ay—ALg7F) +(A, ~A,gF) P<-W
=V,(e,)<-e/W'e <2, (W’1)||e1||2 20)

=V, (e,)<-a,V,(e,)

e }"min (Wil)
Trong do: o, :k—ID)

Nhuw vay voi X =P?

XA X+ XA, —(A,GFX) < XWX

Thay Y = g*FX thi diéu kién clia bat déng thirc LMI duoc
chirng minh.

Tir (14) c6 thé két luan rang khi ché do truot s(e) = 0
duwoc théa man, thi e,(t) cling s& hdi tu vé vung tiém can 0.

Chon luat diéu khién dé sai s6 trang thai tién dén mat
trwot trong thoi gian hitu han.
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Uy = —(9B) " (AMAX—AX,, +Qsgn(s) + s + csgn(s)|s|”) (21)

Trong do, o vay la cac hang sé duong. Q 1a vecto cac gia
tri chan trén cla g(f(x,t)).
Chirng minh: Chon ham xac dinh duwong

v, (s) = %sTs (22)
Pao ham (22) va qua bién déi co:
V,(s)=s"$=s" (AAx+gBu+gf(x,t)- AX,) (23)
Thay (21) vao (23) co:
V,(s)=s"s=-s"asgn(s)|s|" —s"ys (24)
—s'Qsgn(s)+s'gf(x,t)

. 2 m+l
=V, (s)<-A, Sl[) — Ay S

2( ) min (Y)(" ") mm(c)(" |) (25)

=-aV, (s)—B(V, (s))"

Trong d6, o=21,,(y)>0 p=2""%  (c)>0va

n, =(n+1)/2<1

Theo [1, 5] trang thai clia hé thdng sé ti€én vé mat truvot
trong thoi gian hitu han:

R avz(s(e(to)))lfnﬂﬁ
r a(l_nz) B

3. MO PHONG VA BANH GIA KET QUA
3.1. Tham s6 md phéng

M6 hinh md phéng xét hé truyén dong quay cé ban
kinh quay r, = 1m, vat ndng dat tai diém cudi cé trong
lvgng m, = 1700kg. Bong co chap hanh mot chiéu kich tlr
nam cham vinh clru cé cac tham sd Ru = 5Q, L, = 0,2H,
K, = 0,1V, K; = 0,ANm/A, ty sd truyén clia hop déi téec

(26)

™ _1/1076, mb men quan tinh cta rd to J, =2.10"Kgnr .
nZ

Thé céac gia tri da cho vao (9) ta tim dugc ma tran cac hé sé:

_6.10° 0
A 6.10° 50 B
-0,5 25 5
Dva trén thong s6 thuc té clia hé truyén dong tién hanh

chon: g =5;y=20; 0 =200;n=0,6.
Giai diéu kién (5,6) bang LMI toolbox ctia Matlab xac

dinh duoc:
-0,17 o 10,5 -0,85
;F=gYX™ =

oy | 21
135 21 6,75 10,5

Qua d6 xac dinh duoc luat diéu khién ug,.
3.2. KEtqua mo6 phoéng

Tién hanh danh gia chat lvgng clia bo diéu khién théng
qua dap tng tdc dod cua hé truyén déng trong cac truong
hop khac nhau. bat t6c do dong co la 2000 [vong/phut].
Trong trudng hop khdng c6 xung luc khi bén, téc do dong
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co 6n dinh, sai léch tinh bang khéng (hinh 2). Téc do quay
clia mam phéo la 1,85 [vong/phat] (hinh 3).

2000

Téc do [vong/phat]
> a
o o
o o

o
=}
S

o

]—Téc dd dong co' khi khdng c6 xung luc

0 0.5 1 15 2 2.5 3 3.5 4 4.5 5
Thai gian [giay]

Hinh 2. T6c d0 dong co khi khdng c6 xung lyc

2F

Téc do [vong/phut]
a b

o
o

o

|—T6c dé mam phao khi khéng co xung lwc

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Thoi gian [giay]

Hinh 3. T6c d0 mam phao khi khong ¢6 xung lyc
Hinh 4 la dap ¢ng téc dd ctia mam phao khi tin hiéu dat
vao la ham sin.

P~

‘— T6c d& mam phéo khi tin hiéu vao 1a ham sin

The dg [vong/ phat]
N} LY o A

&
T

o 1 2z 3 4 s & 7 8 9 10
Thai gian [giay]
Hinh 4. T6c d0 mam phao khi tin hiéu dét Ia ham sin
Hinh 5 la dap (rng téc dd cda dong co khi tin hiéu dat
vao la ham nhay béc.

2000

Téc do [vong/phit]
) I
o o
o o

o
=3
o

o

I—Téc d6 dong co khi tin hiéu dat thay déi

0 1 2 3 4 5 6 7 8 9 10
Thoi gian [giay]

Hinh 5. T6c d0 dong co khi tin hiéu vao la ham béc thang

Qua hai trvong hop trén cho thay téc @6 mam phao 6n
dinh, khdng dao dong, thoi gian qua dd nho, dap (rng yéu
cau veé tinh tac dong nhanh ctia hé théng.

Trudng hop co tac dong clia xung luc khi ban: tai thoi
diém 4 gidy va 7 giay cho tac dong xung luc M, = 1000Nm va
900Nm thi dap (*ng dau ra clia téc dd dong co va mam
phao nhv hinh6va7.
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- Thi hai, phuvong phap nay ddm bao dwoc do chinh xac

2000 bam, gidm t6i da sai sO va hién tuvong dao dong trong diéu
. | kién hé thong chiu anh hudng clia cac yéu té phi tuyén do

cdu triic phtrc tap phan co gay ra.

1000

Tbc dd [vong/phit]

o
=3
o
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Tir cac két qua mo phong thay rang bo diéu khién truot
LMI cho hé truyén déng phao 57mm cé tinh dén xung lwc
khi ban co chét luvgng t6t, dap (ng dwoc yéu cau clia hé
théng. Trong diéu kién chju anh huéng cla cac yéu t6 phi
tuyén nhu: mé men ma sat, mé men quan tinh trén tai,
xung lec khi xa kich hé théng van dam bao dwoc do chinh
xac trong ca ché do dong va ché do tinh, sai s6 tinh ludn vé
0 trong céac truong hgp khac nhau. Dao déng trong qua
trinh diéu khién rat nho, thoi gian qua dd ngan gilp nang
cao tinh chinh xac khi bén, ting xac suét tiéu diét muc tiéu.
4. KET LUAN

Bai bao da trinh bay két qua xay dwng bo diéu khién
trieot thoi gian hitu han trén co s& bat déng thi’c ma tran
tuyén tinh LMI cho hé co dién phao phong khong 57mm.
Phan trinh bay dwoc bat dau tir viéc xay deng mé hinh co
hé, téng hop bd diéu khién trugt LMI, md phéng bang
phan mém Matlab-Simulink. Cac két qua kiém nghiém
cho thay:

- Thi* nhat, viéc st dung bd trvgt LMI lam tang tinh tac
ddng nhanh ctia hé théng , ma van dam béao dé qua chinh
trong ngudng cho phép.
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