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TOM TAT

Gidi thudr diéu khién phi tuyén la gidi thudr thuong diroc ap dung cho cac hé thong da
duot biét rd vé phuwong trinh todn hoc. Trong cac gidi thugt phi tuyén, gidi thudr diéu khién trurot
la thong dung nhdt. M6 hinh dwoc &p dung trong deé tai nay la hé bong thanh truc léch - mét hé
thong théng dung trong nghién cizu Iy thuyér diéu khién. Bai bao nay gidi thiéu mét phuwong phdp
diéu khién trueot cho hé thong bong thanh truc léch. Gidi thudr trucot duoc thiét ké théa man céc
gia tri dat cua vi tri hon bi khdc nhau va dwoc dam bao bang toan hoc. Két qua md phong va thyc
nghiém tai cac gia tri diém lam viéc khac nhau cho thdy bé diéu khién trirot hoat dong tét.

Tir khéa: bong thanh; diéu khién trirot; d@iéu khién phi tuyén; Matlab; Simulink; 1y thuyét
diéu khién; thyc nghiém; mé phong; phwong phdp diéu khién.

ABSTRACT

Nonlinear control algorithms are often used to control systems that have explicit
dynamic equations. Out of such algorithms, sliding control mode is the most popular. The
model in this paper is a ball -beam system - a popular model in control theory research. This
paper presents a method of sliding mode control for ball - beam systems. The sliding mode
control is designed to satisfy different set points of position of ball and guaranteed by
mathematics. Simulation and experimental results at different working points prove that the
sliding mode controller works well.

Keywords: Ball and beam; sliding control; nonlinear control; Matlab; Simulink; control
theory; experiment; simulation; control method.

I.  DPATVANDE do, do 6n dinh hé théng khong duge dam bao

Hé théng béng thanh truc 1éch 1a mot mo

hinh théng dung trong céc giai thuat didu khién.

day 1a mot mo hinh duoc phét trién tir mo hinh
bong thanh truc gitra. Tuy cac giai thuat diéu
khién thong minh duoc ap dung nhiéu cho hé
thdng nay [1], [2] nhung mot khuyét diém co
ban 1a diéu khién théng minh Ia do thuat diéu
khién khong xuét phat tir md hinh toan hoc cua
hé théng nén ta khdng tan dung duoc thong tin
hé thng théng qua phuong trinh toan hoc. Tir

bai giai thuat toan hoc.

Giai thuat tuyén tinh ciing dugc ap
dung cho h¢ théng [3], [4]. Tuy nhién, ban
chat hé thong la phi tuyén nén giai thuat
tuyén tinh chi dam bao hé thdng hoat dong
tai mot s6 diém lam viéc nhat dinh va day
hoat dong cua hé théng 1a khong duogc lon.
Do @6, giai thuat phi tuyén to ra phi hop
trong truong hop hé thong da dugc biét rd vé
phuong trinh toén hoc.
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Trong giai thuat diéu khién phi tuyén,
giai thuat truot (Sliding Mode Control
—~SMC) la théng dung nhat [5] va da duoc &p
dung cho mét hé phi tuyén “underactuated”
[6]. Do d6, trong khuon kho bai béo nay, tac
gia ap dung mot phuong phap diéu khién
trugt cho mot hé twong tu, d6 1a hé bong
thanh truc léch.

Cac muc tiép theo cua bai bao duoc
trinh bay theo thir tu sau: Muc 1l trinh bay mé
hinh toan hoc hé bong thanh. Muc Il trinh
bay cach thirc xay dung mot bo diéu khién
trugt va 4p dung bo diéu khién d6 cho hé bong
thanh. Muc IV trinh bay két qua md phong
cua thuat toan duoc d& xuat cho hé béng thanh.
Muc V trinh bay két qua diéu khién thuc té
cho hé théng. Phan két luan duoc trinh bay
trong Muc VI cua bai béo.

I1. MO HINH TOAN HOC

Hé qua bong duoc dat trén mot thanh
nam ngang va lan ty do doc theo chiéu dai
thanh. Canh tay di dong dugc gan véi thanh
beam ¢ 1 dau va dau con lai gan véi dia quay.
Pia quay c6 thé thay ddi 1 goc 1a @, va canh
tay di dong hop véi thanh mét géc « ( nhu
hinh 1).

Theo tai li¢u [7], ta c6 phuong trinh
toan hoc mo ta h¢ thong bong thanh:

u—(@2mrf +Ky)a +(mg(L-r)+

+|2‘Mg)c05a

b= > 1)
(mr=+K,)

. 1, .

i=—/((ra"+gsina) @)
K4

Vai:

a(t):  goc thanh beam (rad/s)

r(t): vitri qua bong (m)

6(t): goc quay cua banh da (rad/s)

m: khéi lwong qua bong (kg)
M:  khdi lugng thanh beam (Kg)
L: Chiéu dai thanh beam (m)
R,: Tro khang motor (Q)

J.:  Moment motor (Kg.m?)

K,:  Hang sé motor

K,: hésotile

d: chiéu dai canh tay dong (m)
J,: Moment thanh beam (kg.m?)

K,:  Hang sé Back EMF (V/rad/s)

Bmml

Hinh 1. M hinh h¢ béng thanh

Vi cac thong s6 K, K,,K,, K, dugc

xac dinh nhu sau:

_R,J,L

K +J;;
bOKKd
K, K R.B
KZ:L mb K, =
d - Kin K,
K., 7
K3:1+R—m;K4:g

Vin(t): dién &p cép cho dong co;

u(t) =KsVin: 1a dién ap diéu khién hé ball and
beam.
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bat: x =rx=(X=a,X,= Thay (1) va (2) vao (4) ta dugc:
%, = X 1 —(2mri +K,)a +
=X, .
Sj=—F5—— L +
« =9 cinx bo(mrf+K,) +(mg(L—r)+EMg)cow 5)
’ K4 ) .
. S ra”—gsina
X3 =X, +}/10!+)/3I'+)/2K—
4

u—(2mxx, +K,)x, +

L
~(Mg(L=x)+- Mg)cosx,

Xy =

(mx; +K,)
I11. BQ PIEU KHIEN TRUQT

Bo diéu truot duoc dién ta thong qua
so do sau:

Fa
r

Heé bong tinh S

thanh truc o mit trrot

léch g

W Ba u‘ieu
khién
trirot
dién 4p cap cho déng co [

Hinh 2. So' d6 bé diéu khién mo trurot

Thiét ké SMC:

Goi e la tin hiéu sai léch:

e =r-r,
Trong d6, «, =0 vardlagia tri dat.
Chon mat trugt nhu sau:
S, =€, +ye, +7,6 +ye
=a+pa+yf+y ¢-n) ®3)
Véi y,, 7,,7; va >0, »,<0, y,<0,
Y32 V17>
L4y dao ham S: theo thoi gian ta duoc:

S, =d+ya+y,f+y,f 4)

Chon luat diéu khién u nhu sau:

u=_2mrr+K,)a +(mgr +%)C08a

a“—gsina

)mr2+K)  (6)

R
~(na+7rf+7,

4
—(mr2 + Kl)r3 sgn(sl)
Thay (6) vao (5) tacéd: S, =—T",sgn(S,)
Néu chon T 14 hing s6 dwong thi ta s& duoc
S,S, <0, do vay S1 dan vé 0 thoa mén yéu cau.
VI. KET QUA MO PHONG

Céc théng sé6 md hinh cua md phong
duoc lya chon nhu sau:

m=60.47x10"°(kg); R=1.23x107;
_ — m/ - | - :
d=0075; g 9.81(42), L=055:

J =§mR2 'K, =0.0535; R =35;

2
J =§mR2 M =346.6x107;J, =%;

K, =75;J,=0.049x10"; B, =5x10";

n=14; y,=-6.85; y,=-11.42; I'=0.3.

Céc gia tri thong s ban dau cua bién
trang thai hé théng duoc chon nhu sau:

o)
e =0("%)

o Truong hop 1: Biém lam viéc thay doi
tuong wng véi su thay doi gia tri dat
rq = 20cm

X init = 0.01(m);

2 |n|t

=0.002(rad);

3 init
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Time Series Plot:

Nhdn xét:
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Hinh 3. V; tri cua vién bi

Time Series Plot:
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Hinh 4. G6c léch cua thanh beam

Time Series Plot:

=
o

Yoltage on Motor

Time (seconds)
Hinh 5. Pién ap cdp cho dong co
e Truwong hop 2: Diém 1am viéc thay doi

tuong (ng voi sy thay doi gia tri dat
ra = 40cm

Hinh 6. V; tri cua vién bi

c 10 Time Series Plot:
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Hinh 7. Goc léch cua thanh beam

Time Series Plot:
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Hinh 8. bién ap cdp cho déng co

Két qua md phong cho thay hé thong
hoat dong tét véi bo diéu khién truot. Véi vi
tri dat cua trai banh cang nho thi thoi gian
xac lap cua goc léch thanh beam va vi tri hon
bi cang nhanh, tir duéi 10s dén dudi 20s
(hinh 3 va hinh 6). Tuy nhién, do trong giai
thuat diéu khién c6 ham diu sign(). Do do,
dién ap cép cho dong co bi dao dong
chattering (nhu & hinh 5 va hinh 8). Mat khéc,
tai vi tri hon bi 6n dinh, thanh beam nam
ngang hoan toan thi dién ap cua dong co
cling khong vé gia tri 0 duoc ma giit & mic
3V dé gitr thanh beam khong bi ngd xudng
ma van & vi tri nam ngang.

V. KET QUA THUC NGHIEM

M® hinh thyc nghiém la mo6 hinh duoc
ché tao tai phong Thi nghiém diéu khién tu
dong cua khoa dién-dién tu, dai hoc Su pham
Ky thuat TP.HCM. Két cau co khi cia md
hinh dugc mé ta nhu hinh duéi day:

Hinh 10. M6 hinh nhin tzr trén xuong

Chu thich:

1. Thanh beam

2. Qua bi (bong)

3. Bong co 24VDC

4.Encoder
5. Bé sét
6. Day dién tro

So d6 phan ctg dién cia md hinh duoc
dién ta nhu hinh dudi day. Trong do, day dién
tro duoc quan theo kiéu bién tré con chay dé
do wvi tri trai banh (trong truong hop nay la
mét vién bi sit). Encoder duoc gan dong truc
v6i dong co dé do goc léch thanh beam.
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Hinh 11. So dé phdn cing cia hé bong thanh
truc léch

e Két qud thuc té khi dung bé diéu

khién trwot véi Vi tri dat vién bi 20 cm

Paosition of Ball

0 2 4 6 g 10 12 4 16 18 20
Time (s)

Hinh 12. V; tri qua bi dat tai 20cm

20

Angle of Beam
(degree)
=

"
&

20 | | | | |
0 2 4 6 8 10 12 14 16 18 20
Time (s)
Hinh 13. Goc léch thanh beam (d¢) dat tai
20cm
§ 10
Sg 5-
57 o
S

0 2 4 6 g 10 12 1 16 18 20
Time (s)

Hinh 14. Pién &p cdp cho motor déng co (V)
dat tai 20cm
e Két qua thuc té khi dung bé diéu
khién trwot véi Vi tri dat vién bi 40 cm

____________________________________________________________________

-------------------------------------------------------------------

Paosition of Ball
{em)

10 12 14 16 18 20
Time (s)

Hinh 15 . Vi tri qua bi dat tai 40cm

41

_____________________________________________

.........................................................................

Angle of Beam
(degree)

Time (s)

Hinh 16. Goc léch thanh beam (d¢) dat tai
40cm

Vaoltage on Motor

~o 2 4 6 8 10 12 4 16 18 20
Time (s)

Hinh 17. Dién &p cdp cho motor déng co (V)
dat tai 40cm

Nhdn xét:

Két qua thuc nghiém cho thay két qua
twong tu nhu nhitng két luan & phan mé
phong. Hé thdng hoat dong tét véi bo diéu
khién truot duoc thiét ké theo cong thic (6).
Vi vi tri dat cua trai banh cang nho thi thoi
gian xac lap cua goc léch thanh beam va vi
tri hon bi cang nhanh, dudi 20s (hinh 12, 13,
15, 16). Tai vi tri hon bi 6n dinh, thanh beam
nam ngang hoan toan thi dién ap cua dong co
cling khong vé gia tri 0 duoc ma giit & mirc
3V dé giir thanh beam khong bi nga xudng
ma van & vi tri nam ngang.

Dong thoi, ta can luu y: khi gia tri dat
cang 16n thi thoi gian xéac lap trong két qua
mo phong cang Ién nhung trong két qua thyc
té thi thoi gian xac lap cang nhé. Do 1a vi
trong mé phong, gia tri dit ban dau cua hon
bi 1a & bén phia phai cia Hinh 9. Nhung &
mo hinh thuc, ta can tha hon bi tir phia trai
cua Hinh 9, dé sy dao dong ban dau vat ly
cua hon bi la khéng qua lon.

Ngoai ra, két qua thuc té va md phong
14 kh& sat nhau: thoi gian xac lap cua vi tri bi
14 khoang trén dudi 10s, thoi gian xac lap cua
goc léch thanh beam la khoang trén dudi 4s.
D6 1a vi thong s6 md hinh cia d6i tuong mo
phong va thuc té kha sat do cac théng s6 md
hinh caa phong thi nghiém da duoc nhan
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dang chinh xac thong qua do dac va théng sé6 té cho thiy hé théng hoat dong 6n dinh tai

dong
VI.

truot.

[1]
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[6]

[7]

Tac g

co cua nha san xuat. cac gi4 tri khac nhau (nhu trong bai bao 1a
KET LUAN ca.c .v1 tri 20 cm va 40 cm SO.Y('YI vi tr|.g().(f 0):

' o Giai thuat truot da duogc thict ké vai gia tri
Bai bio da trinh bay mot gial thuat gy ruy ¥ gia va duge dam bao bang toan hoc.
Két qua dieu khien mé phong va thuc
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