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Tom tat:

Bai bdo trinh bay két qua téng hap bd diéu khién trugt dau cudi nhanh trén co s bat déng thirc ma
tran cho hé ca dién nhiéu dong cc cd lién hé ma sat, dan hoi. Cac két qua dudc khao sat danh gia
bang md phéng trén phan mém Matlab-Simulink cho thdy bd diéu khién nay dam bao dudc cac yéu
cau chat lugng ngay ca khi hé thong chiu anh hudng cla cac yéu to phi tuyén do cau trdc phan cg
gay ra.

T khéa:
nhiéu déng ca, diéu khién trugt dau cudi, bat dang thirc ma tran tuyén tinh.
Abstract:

The paper presents the results of fast terminal sliding controller based on linear matrix inequality for
many motor systems with friction, elasticity. The results surveyed and evaluated by simulation on
Matlab-Simulink software show that the controller ensures the quality requirements in the system

under the influence of nonlinear factors as causing the mechanical structure.

Keywords:

multi-motor drive systems, Adaptive Sliding mode control, elastic, backlash.

1. MO’ PAU

Hé truyén dong (HTD) nhiéu dong co tng
dung trong cdng nghiép va qudc phong
déu 1a hé dong luc hoc phi tuyén, chia
c4c lién hé chéo; cac mbi lién hé nay lam
cho mé hinh cua dbi tugng diéu khién tro
nén phi tuyén. Trong diéu khién HTD vat
liéu dan hoi nhidu dong co, viéc kiém soat
lyc cang trén bang vat lidu 1a mot van dé

khd. Cac bo diéu khién (BPK) HTP nay
lién tuc duoc nghién ciu phat trién tir don
gian nhu BPK PID [3] dén phuc tap nhu
logic md [4], mang noron [5], diéu khién
t6i wu [6], va diéu khién bén viing [7].
Tuy nhién van chua c6 BPK nao dap ung
tét chat lwong ciia hé ciing nhu tinh hét
nhitng tac dong cua yéu té phi tuyén cua
phan co. BDK diéu khién truot thich nghi
ma tac gia dé xuit da cho chit lugng tét
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ngay ca khi tinh dén cac yéu tb phi tuyén
nhu: ma sat, khe ha, dan hoi.

2. MO HINH CO' HE

Xét mét md hinh hé théng dién co hai
khéi luong dan hoi dang 1 két hop dang 2
[1], [2] nhu hinh 1. O day chi xét dao
dong dan hoi trong lién két hai chiéu giia
dong co va tai; gitra hai tai cia hai dong
co, cac moi lién két khac coi nhu cung
virng hoan toan.

1! ‘r2

Hinh 1. M6 hinh co’ hé dan hdi hai déng co

Trong d6: T1, T2, Tig, Tiz: mGmen dong
co, tai; Ji, Jz, Ji1, Ji2: mGmen quén tinh
déng co, tai; ws, W2, W1, Wr2: téC do déng
co, tbe do tai; 1, Cy, by, by: hé sb cang, hé
s6 ma sat nhét caa khép néi, F: luc cing
cua dai vat liéu; ry, rp: ban kinh rulo 1,
rulo 2, vy, Vo toc do dai caa dai vat liéu
chay qua. Chi sb 1, 2 twong @ng cua hé
truyén dong dong co 1 va dong co 2.

Trong [1, 2] tac gia da xay dung phuong
trinh trang thai cua co hé nhu sau:

Ap =0, -0, Ag,=0,—-0,

. 1
o, = r[kc1- fL(Ag) + k9, (M) — (T, + r1':21)]

L1

. 1
W, = Ki[ka' f,(A@y) +Kpp-9,(Aw,) — (T, — rZF:LZ)]

L2

1)

. 1
F. =Cyp {ﬁwu Lo,l+—— C Fo )}
12°

'izl =C, |:r1a)u Lo, L+ —— C 21):|
1l

y= F12

c b N LA K e IA
trong do: k, = ford“" k, = w"m lahésotilé
I dm I dm

d6 ctrng va ma sat caa phan co.

X %]

T

X=[X % X X
Ap, o, o, Fy F12]

%=t -
X, =K—[kc1-f1(x1)+km-gl<xa)-(T )]

L1

X %, =U, — X,

[kcz fo (%) +Kyp-0,(%) = (T, — I’2X6)] (2)

LZ

, 1
X5 = Ciz{ﬁxs - rzx4(1+axs)}
12°

. 1
X = C12{r1x3 X1+ ﬁxe)}
12°

Cac ham £ (x), f (%), g(%), g(%,)1a ham phi
tuyén phu thugc vao khe ho banh ring
hop sb.

0 khi [x| < ez,
f(x)=1%-a, khix>a, ; g(xl)lef(xl)l
X +ay khix<-a,
. 0 khi |%| < a,
r f —
vl T0x) {1 khi [x, > a,

Pua dugc mé hinh (2) vé dang:
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%5=A5+ B(u+u,(xt)) @)

- f . ’ ’ A 3 -
bit e=x" —x khi d6 c6 mo hinh sai

lIéch bam:

d (4)
—e=Ae+B(u+u, (et
8 o= ne+B(uru, (e)
trong do:
(0 0 -1 0 0 0 ]
0 0 0 -1 0 0
00 0 0o L o9
A: L1
00 0 0 0 -=
KLZ
0 0 C,nn C,u, 0 0
_0 0 C,nn —C,r, 0 0 |
1 0 0 0 |
01 0 0 o,
B = 00 ]/KLl 0 U= @,
00 0 ¥YK,|'~ |0
0 0 0 0 0
oo o 0 |
e
0 e,
0 e
us(et)= . e=| "
‘ kclfl(el)_kblgl(el)_TLl A
kczfz(ez)_kbzgz(éz)_TLz es
e6

Dé xuat thiét ké by diéu khién truot thoa
méan bat ding thic ma tran tuyén tinh
LMI (linear matrix inequalities) co tinh
dén sy hoi tu vé& mat truot trong khoang
thoi gian hitu han cho hé truyén dong
nhiéu dong co. Lya chon mit truot va
bién trugt duoc xac dinh nhu sau:

{g(t)eR”:a=S§:Q}, (5)
s=(B"K'B) B'K™

(ISSN: 1859 - 4557)
Vé6i K théa man bit dang thic ma tran
LMI nhu sau:
AT(AK+KAT)A<0; K>0;

[ooo0o0o0 1]
"l000 010

(6)

Trong do6 A 1a ma tran truc giao thoa mén
ATA =1 duoc xac dinh A=null(B), nghia
la théa man AB =0. Vi quy udc cac bat
dang thirc ma tran c6 diu < 0 1a ma tran
xac dinh @m con > 0 la ma tran xac dinh
duong. b3t K=[4,] = i.jel6.

Giai diéu kién bat dang thirc ma tran LMI
[8,9] thu duoc :

AT (AK + KAT)A:

_ C12 [rl(ﬂ% +ﬂ’35)_r2 (154 +ﬂ45)]
Coo[ 1 (g + s )+ 1, (Ao — 255 | (7

Clz [rl (2‘36 _154)"' I (/153 _/146 ):'
Clz I:rz (163 + 235)_ h (164 + /146 )]

khi d6 mat truot dugc cho boi:
o=Se=(B'K'B) B'Kle=0 (8)
Trong d6 bién truot dugc tinh nhu sau:

S = (BTK-lEa)'l BTK™ =

SO 24

10 0 0 0 -2
9)
o1 0 0o 0 -2
100 K, 0 0 -2K,
00 0 K, -K, 0
Mat trugt khi d6 dugc tinh:
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o=(B'K?B) B'Ke=

o
10 0 0 0 -217g
01 0 0 —2 ||e,|(10)

oo Kk, 0 0 -2k,|le
00 0 K, -K, 0 ||e

_eG_

Mot luat diéu khién trugt duoc thiét ké:

Uy = %= _s.Ae— Bsign(c
u L} Ae-— psign(o) (11)

2

Thay S, A, o ¢ trén vao (11) ta co:

U
Uy :{ }:
U,

e,.(2C,, r,+1)- Bsign(e, —2e,)-2C,, 1, &,
B { 2C,, 1,8, - B.sign(e, —2e;)—e,(2C, ,-1)
(12)
Chtng minh hé 4n dinh tiém can véi thoi
gian hiru han.
Bwéc 1: Chang minh hé on dinh tiém can
vé 0 khi da nam trén mat truot.
Xét ma tran bién d6i M va lién két vecto
Z dugc dinh nghia nhu sau:

y (13)

s (ATKA) AT i {G}

(8"k*B) B'K*| LS

s
7= = =Me
|z, Se -

Do d6, dao ham thoi gian cua z duoc tinh
nhu sau:

(14)

z=Mg=M.Ae+M.B(u+u,)
=M.AM*z+M.B(u+u,)

(15)

Sau d6, hé théng diéu khién vong kin

(4) c6 thé 1a chuyén thanh dang théng
thuong sau day:

Vi G.AKA GAB| z 0

= 4 [g+gd](16)

o) SAKA SAB| o] |I
Mt khac, tir phuong phap diéu khién
tuong duong ta c¢6 luat diéu khién twong
duong la:

Uy (1) =S Ae -u, (t) (17)

Bing cach dit 6=o=0 va thay thé u(t)
bang u,(t), c6 thé chi ra rang ché do
truot bac hai 6n dinh trén mit truot (7) thé
hién qua

2,=(A" KA) AT AKAZ (18)
Chuyén dong ché d6 truot (17) s& 6n dinh
néu ton tai ma tran xac dinh duong
N, € R?® sao cho dao ham theo thoi gian
cia ham Lyapunov V (z,,t) =2/ N,z théa
man véi hé s6 duong y co:

V= ZlT [AiTNl + N1A1:|21 S_7/”21”2

trong do

(19)

_Clz I

- 2C,r,
A1:<ATKA)1ATAKA:{ 1“} (20)
_C12r1

2C,1,

Ma tran duong N, eR*? dugc xac dinh
sao cho

ATN, +N,A <0 (21)
bat N, = ATKA trong d6 K la ma tran thoa
méan LMI (5), bat dang thic Lyapunov
(19) dtiing voi N, = ATKA >0, nhu vy ché
do truot theo thur tu giam bac (18) s& 6n
dinh tiém can. Tu matran Kva A ¢ (5) da
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tinh & trén ta co:

10
N1=ATKA={O 1}0

(22)

Thay N; vao (20) ta co:

—2C,,r,

Cph }<O (23)
Cph

"N, +N,A =

Vay hé 6n dinh tiém can vé 0 khi nim
trén mat truot.

Bwéc 2: Diéu kién tiép can mat truot
trong thoi gian hitu han.

(ISSN: 1859 — 4557) I

o' G=0"S8=0".(B'NB)'B'Ng
=o' .(B"N,B)'B"N,(Ae+B(u+u,))
=o' (S.Ae+U+U,)
=o' (-p.sgn(c) +Uy) =—po]+ oy,
<-Blof+lo G, Jul+ #0)
<-Blol+lol [ (|s-Ael + £)+ )]
= (A=) 1, [5-Ae] - 1, ) o]

< —5||0'|| <0

Theo bd dé 2 trong [27] hé tién vé mat
treot trong khoang thoi gian hiru han

t, <[oO)/z -

F,, . 1 F,
R, =Cy| ho, — Lo, | 1+ a F.
12
b
ki2
Bién trang thai
BOQ PIEU KHIEN TRUQT LMI
T o u _[ul}_{ey(zc12 r,+1)— B.sat(e, —2e;)—2C, rl.e‘i T o)
- [ BapK " *lu, 2C,, 1,6, Bsat(e, —2¢;)—e,(2C,, 1,—1) ., o
tbcdo € 0 DX -
toc do [€

F Fdat

Hinh 2. M6 hinh mé phéng hé théng va BBK
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Trong cau trdc trén, bai bao da xay dung
bo diéu khién luc cing vong ngoai, vong
tbc d6 dung bo diéu khién PID, vong
dong dién da duoc xir 1y boi bién tan.
Trwong hop 1: Khi khe hé banh rang
a = 0,005 rad (0,2870), tai khong ddi, luc
cang dat F =10 N.

Luc cang [N]

—Luwccang d?!
——Luwccangdaural
. . L . . . L

1 2 3 4 5 6 7 8
Thoi gian [s]

Hinh 3. Bap ng lwc cang véi khe hé banh rang

= 0,005 rad
1200
1000
5 800
s
2 600
2
9 400
8
200 1
o o)
—Téc do déng co 2
05 1 15 2 25 3 35 4 45 5 55 6
; Thai gian [s]
Hinh 4. Bap rng toc do véi khe hé banh rang
a = 0,005 rad

Trwong hep 2: Pap tng luc cang ciua hé
thdng khi xét dén anh huong cia mémen
quan tinh cua tai.

Lwccang[N]

—Luwc cang thuc

—Luwc cang dat

0 2 4 6 8 10
Thoigian[s]
Hinh 5. Bap &rng lwc cang véi anh hwéng
ctia mémen quan tinh J =4J

1200 -

o
o
(=]

®

=3

(=]
T

B
=]
(=]

Téc d6 [ vong/phut |
ny f=2]
(=] (=]
[=] (=]

0 —Tbc d6 dong co' 1
—Tbc d6 dong cor 2
=200 £ i I .
Q 2 4 6 8 10

Thdi gian[s]

Hinh 6. Pap tng téc dé v&i anh hwéng
ctia mémen quan tinh J.=4J

Truong hop 3: Thay doi d6 cing cua
bang vat li¢u

In__

Tée dé [vang/phat]
o

0 —Luccangdiural -
. . . . . . . . . .
1 2 3 4 5 6 7 8 9 10
Thai gian [s]

Hinh 7. Pap ng Iwc cang khi giam hé sé cing
bang vat liéu C1,=0.2 (N/m)

1400

1200 -

800 -

Téc @4 [vong/phit]

200 - ——Téc dd déng co 1

——Téc d6 dong co 2

1 2 3 4 5 6 7 8
thai gian [s]

Hinh 8. Pap (rng t6c dé khi giam hé sé clng
bang vat liéu C1,=0.2 (N/m)

Nhan xeét:

Tir cac két qua md phong thiy rang bo
diéu khién truot thich nghi cho chét luong
diéu khién tét. Trong diéu kién chiu anh
huong cua cac yéu té phi tuyén nhu: khe
hd banh rang, hé s6 dan héi, mdmen ma
sat va mdmen quan tinh trén tai, hé thong
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van dam bao duoc do chinh xac trong ca
ché d6 dong va ché do tinh, sai sé trong
ché @6 tinh luén vé 0 trong cac trudong
hop khac nhau.

4. KET LUAN

Bai bao di trinh bay két qua téng hop
BDK truot LMI cho hé co dién nhiéu
dong co c6 lién hé ma sat, dan hdi. Phan
trinh bay duoc bat dau tir viéc xay dung
mo hinh co hé, tim luat diéu khién, ching

(ISSN: 1859 — 4557)

minh diéu kién 6n dinh, xay dung mé
hinh mé phong, kiém nghiém bing phan
mém Matlab-Simulink. Qua kiém tra va
so sanh véi cac két qua cua cac cong bd
truge day [3-7] cho thdy BPK d3 néing
cao duoc chat lugng cua hé thong truyén
dong nhiéu dong co thong qua cac tiéu chi
danh gia, d6 1a: tinh bén viing vai nhiéu,
dam bao kha ning qua tai vé moémen, dam
bao tot dic tinh dong va dic tinh tinh,
dam bao tinh chinh xac bam.
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