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Tém tit

Trong bai bdo nay, mét thudt todn diéu khién bén
vitng véi thoi gian cé dinh dwoc phat trién dé toi
thiéu héa sai léch quy dao ciia hé thong cong truc
gian banh 16p. Pau tién, bé diéu khién bén viing
dwoc thiét ké dua trén ly thuyét diéu khién truot
nham dam bdo dau ra ciia hé thong cong truc
gian bdanh 16p dat gid tri mong muon. Tiép theo,
viéc phdn tich tinh én dinh ciia phwong phdap dé
xudt duwa trén Iy thuyét on dinh Lyapunov va tinh
todn thoi gian hoi ty duoc trinh bay, diéu nay cho
phép nguwoi vin hanh c6 thé kiém sodt thoi gian
héi tu ciia hé thong thong qua cdac tham s6 diéu
khién. Cudi ciing, mé phong sé dwoc trién khai dé
kiém chitng tinh hiéu qua cia bé diéu khién dé
xudt trong viéc bam quy dao ddt va cé thoi gian
héi tu ¢6 dinh.

Tir khoa: Hé thong cong truc gian banh Zop, diéu
khién bén viing, thoi gian héi tu, on dinh
Lyapunov.

Abstract

In this paper, a fixed-time robust control
algorithm is developed to minimize the tracking
trajectory error of the rubber-tired gantry crane
system. Firstly, a robust controller is designed
based on sliding mode control theory to ensure the
output of this system reaches the desired value.
Then, the stability analysis of the proposed
method based on Lyapunov stability theory, and
the calculation of the convergence time are
presented, which enables the operator to control
the convergence time of the system through the
control parameters. Finally, numerical simulation
is implemented to verify the effectiveness of the
proposed controller in tracking the desired
trajectory and having a fixed convergence time.

Keywords: Rubber-tired gantry crane system,
robust control, convergence time, Lyapunov
stability.

1. Giéi thiéu

Céng truc 1 loai thiét bi nang ha va van chuyén
hang hoéa, dugc st dung phé bién tai cac nha xuong,
khu cong nghiép, hay bén cang. Trai nguoc véi loai
cong truc di chuyén trén ray, cong truc gian banh 16p
sir dung chan dé 1am bang banh xe gitp ting d¢ linh

hoat va pham vi chuyén dong, tir d6 nang cao kha
ning lam viéc. Do d6, cong truc gian banh 16p
thuong duoc tmg dung rong rai trong dicu kién lam
viée bén ngoai. Co nhidu loai cong truc pht hop vai
timg mai truong va diéu kién lam viéc khac nhau,
nhung diém chung giita chung déu 1a hé thong thiéu
co cau chap hanh. Diéu nay gitp cho cong truc co
chu trac don gian hon, giam chi phi san xuat va van
hanh do st dung it ddng co hon so véi cac hé thong
day di co cau chap hanh. Tuy nhién, viéc sb luong
bién diéu khién it hon s6 lugng bién trang thai khién
viée diéu khién cac hé thiéu co cdu chdp hanh gip
kho khin. Vi vay, bai toan thiét ké diéu khién cho hé
thong cong truc 1a mot trong nhimng van dé rat duoc
quan tdm hién nay. Mot sé phuong phap diéu khién
thong dung d3 duoc st dung, chéng han bo diéu
khién phan hdi tuyén tinh trong [1], bd diéu khién
phan hdi phi tuyén trong [2], hay bo diéu khién PID
trong [3]. Mic du don gian trong viéc thiét ké diéu
Kkhién, song cac bo diéu khién trén chua dam bao hé
thdng s& 1am viéc 6n dinh véi cac bat dinh. Ly thuyét
diéu khién t6i wu nhu LQR [4] hay diéu khién mo
hinh du bdo (MPC) [5] ciing duoc phét trién nhim
tdi wu hiéu suét lam viéc. Bén canh do, cac phuong
phap diéu khién hién dai nhu sir dung mang no ron
dugc dé xuét ¢ [6], trong khi bo diéu khién logic md
dugc thiét ké ¢ [7] cho hé théng céng truc. Dudi su
anh hudng cta bét dinh, diéu khién trugt duoc coi 1a
mot phuong phéap hiéu qua trong viéc dam bao hi¢u
sudt bam quy dao. Vi vay, rat nhidu bo didu khién
dua trén 1y thuyét diéu khién truot da dwoc phat trién
cho hé cong truc [8] - [16]. Cu thé, bo didu khién
truot thong thuong dugc sir dung trong [8], [9] nham
dam bao diu ra hé thong tién vé gia tri mong mudn
va bén ving véi bat dinh. Dé tranh hién twong rung
gdy anh huéng dén co cdu chép hanh, cac bo diéu
khién trugt nang cao hon duogc dé xuit va phat trién,
chéng han bd diéu khién truot bac hai trong [10],
[11], b diéu khién truot bac cao trong [12]. Ngoai
ra, diéu khién trugt v6i cach tiép can ham mii trong
[13], hay bo diéu khién truot tAng trong [14] gitip cai
thién hiéu suit bAm quy dao cia hé thong. Nghién
ctru [15] dé xuat bo didu khién trugt cho hé cong truc
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gian banh 16p két hop véi bat dang thic ma tran
tuyén tinh (LMI) trong viéc t6i wu hoa mat trugt. Ly
thuyét vé& dao ham bac phan sb ciing dugc ing dung
trong viéc thiét ké diéu khién nhu trong nghién ctru
[16] giup hé théng 6n dinh muot ma hon. Tuy nhién,
cac nghién cuu nay xem xét kha nang hdi tu cia hé
thdng trong khoang thoi gian vo han, didu nay can
tro tinh tmg dung cua cac nghién ciru trong thuc té.
Vi vy, thoi gian hoi tu cta hé thong ciing 13 mét yéu
t6 can dugc xem xét trong viée thiét ké diéu khién.
Mot s& nghién ciru phat trién bo didu khién 6n dinh
trong thoi gian hitu han nhu [17], [18], dam bao dau
ra hé théng bam gid tri dat trong khoang thoi gian
httu han. Tuy nhién céc dé xuét nay van tdn tai han
ché 1a thoi gian hoi tu phy thudc vao diéu kién ban
dau cua hé théng. T do, phuong phap didu khién
thoi gian c¢b dinh dugc phat trién, dam bao thoi gian
hoi tu ctia hé thong khong phu thude vao diéu kién
ban dau. Phuong phap nay dugc ung dung trong
nhiéu ddi twgng khac nhau nhu tau mit nude [19]
hay robot [20].

Trong ndi dung nghién ciru nay, mot bo diéu
khién truot thoi gian ¢ dinh dugc dé xuit cho céng
truc gian banh 16p nham dam bao dau ra hé thong
bam theo cac gi4 tri mong mudn va bén vimg véi bat
dinh. Phuong phip dé xuat cho phép hé théng 6n
dinh trong thoi gian ¢b dinh va dong thoi giai quyét
van dé diém ky di khién cho tién hiéu diéu khién
taing dot ngdt gdy ra sy mat on dinh va dao dong.
Tinh 6n dinh va thoi gian hoi tu cua hé théng duoc
kiém chung dya trén 1y thuyét 6n dinh Lyapunov.
Bén canh d6, viéc kiém chimg phuong phap dé xut
cling dugc tién hanh thong qua cac mé phong sd.
Céu triic ciia bai bao gdm cac phan nhu sau: Phan 2
gidi thiéu mo6 hinh dong luc hoc cia céng truc gian
banh 16p bao gdm niam bac tu do; thiét ké diéu khién
va kiém chung thong qua phan tich bang 1y thuyét
diéu khién hoc dugc trinh bay trong Phan 3; trong
Phan 4, hai kich ban m6 phong duoc xay dung voi
cac két qua mo phong dugce phén tich; Phan 5 1a két
ludn vé hudng nghién ciru.

2. M6 hinh céng truc gian banh 16p

Trong nghién ctru nay, md hinh va chuyén dong
cong truc gian banh 16p dwoc mo ta boi nam bién
trang thai nhu trong [18], bao gdm chuyén dong tinh
tién ctia gian X, chuyén dong ngang ciia xe con Y,
chuyén dong nang ha tai | va hai goc dao dong cua
tai a, . Thong qua nam bién trang thai ndy, cac
hanh vi cta hé céng truc dugc mo ta va kiém soat dé
dam bao hoat dong chinh xac va an toan. Bén canh
d6, ba chuyén dong chinh dugc xem xét thong qua
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cac tin hiéu diéu khién gdm chuyén dong tinh tién
cta gian tryc F,, chuyén dong ngang clia xe con Fy
va chuyén dong nang ha tai F,. Theo nghién cuu
[18], m6 hinh dong lyc hoc cua céng truc gian banh
16p dugc biéu dién bang phwong trinh sau:

M(q)§+C(a,q)q+D(q)a+G(q)
=F+d

M

Trong d6 M(q), C(q,q), D(q)eR™ va

G(q) e R 1a cac ma tran tinh toan tir thong sé mo

hinh va céc hé s6 giam chin; q = [x v I « ﬂ]T
. T

la véc to trang thai; F = [FX F R O OJ la cac

tin hiéu didu khién; va d=[d, d, 0 d, d,]
1a bat dinh gdy ra boi cac thong s6 hé théng. Gia
thiét day cap khong co gidn trong qua trinh lam viéc,
vi vay khong co bat dinh anh huong dén day. Boi vi
hé cong truc gian banh 16p co 5 bién trang thai trong
khi chi c6 3 bién diéu khién nén hé trén dugc goi la
hé thiéu co céu chap hanh. Bé xir 1y kiéu hé thong
nay, ta can phan tich phwong trinh (1) thanh céc hé

théng con. Dit q, :[x y I]T 1a bién trang thai

kich hoat va q, = [a ﬂ]T 1a bién trang thai khong
kich hoat, ta c6:

Mll (q)qa + MlZ (q)qu +C11 (qvq)qa
+C12 (qu)qu +Dy, (Q)qa+D12 (Q)Qu (2)
+G,(q)=F, +d,

M21 (q)qa + MZZ (q)qu +C21 (qlq)qa

3
+C22(q’Q)QU+G2(q):dU ( )

Trong do F, =[FX F K ]T :

d,=[d, d, 0] ,vad,=[d, d,]. Bién déi

phuong trinh (3) ta thu dugc phuong trinh sau:

q -M 1(du_M21qa_sz (4)
’ “ _C21Qa_CZZQU

Thay (4) vao (2) ta thu dugc m6 hinh méi cho hé
thong cong truc gian banh 16p nhu sau:

I\_/Ilqa +611Qa +C—:lzqu +él = Fa +§a (5)
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trong d6 cac ma tran dugc dinh nghia:

M, =M, ~-M,M,,*M,,,
C,=D,+C,-M,M,,'C,,,
C,=D,+C,-M,M,,'C,,,
G,=G,-M,M,,"'G,, & =d, +M,M,,'d,.

3. Phuwong phap diéu khién

Trong phan nay, tac gia dé& xuit bo diéu khién
trugt thoi gian ¢6 dinh cho hé thdng cong truc gian
béanh 16p. Pau tién, bo didu khién dé xuét duoc thiét
ké dya trén mé hinh toan hoc da trinh bay trong Phan
2. Tiép theo @0, tinh 6n dinh cua hé théng va thoi
gian hoi ty s& dugc phan tich trén co so 1y thuyét on
dinh Lyapunov.
3.1. B diéu khién truot thoi gian co dinh

Muc tiéu diéu khién hé cong truc gian banh 16p 1a
giit cho cac bién trang thai kich hoat tién t6i gia tri
mong mudn Oy =[x, Yy, Iy ]T va giam thiéu dao
dong goc g4 = 0,,,. Mit truot duge dinh nghia nhu sau:

S=¢€,+Ce, +C,e, +C.€, (6)
VOi:

T \
€ =02 ~Cur &, =0y ~Oy, S=[8 S, ], va
céc tham s6[Ca  Odifu C31khibn
C, :diag(cll’clz'C].S)’ ;=] 0 Cp|iCi= 0 c5

0 O 0 O

Pao ham mat truot ta thu duoc biéu thirc
Sz(qa _qad)+cl(qa _Qad)

7
+C, (qu _qud)+03 (qu _qud) ( )

Trong 1y thuyét diéu khién truot, tin hiéu diéu
khién duoc thiét ké bao gdm 2 thanh phan. Pau tién
1a thanh phan F, . c6 nhiém vu giit cdc sai léch &
trén mit truot, 1a nghiém cua phuong trinh $=0.

Nhu vay, két hop phuong trinh (4), (5), va (7) ta ¢6:
a_eq énqa +612qu +Gl

-1

_((Is_czMzzilel)Mlil) (8)

ClQa + Caqu
_CZMZ{l (Gz + C21qa + szQu )
Ngoai ra con thanh phan F +_sw CO nhiém vu kéo

céc sai 1éch tién vé mit truot, duoc thiét ké duwa trén
cach tiép cn trong nghién ciru [21] nhu sau:

Faisw = ((I —C Mzz_an M
c,san(s)+cgsig(s (€))
+Cesig(s)™ +c;s

trong do ¢; =diag(c;,,C;,.C;5) v6i j=4, 5,6, 7.

Ham sgn(s)=[sgn(s,) sgn(s,) son(s, )]T duoc
dinh nghia 1a ham dau va

.
sig(s)™ = [|sl|”K sgn(s,) |s,|"san(s,) |s,|™ sgn(sz)]

voi k=12, 0< g4 <1, 4, >11a dinh nghia cho ham
mil cia S. Viéc thém cac ham trén vao tin hiéu didu

khien F, g,

gitp xem xét tinh 6n dinh trong khoang

thoi gian c6 dinh ctia hé thong. Bang cach tong hop 2
thanh phan trong phuong trinh (8) va (9), tin hiéu
diéu khién cho hé théng cong truc gian banh 16p
duoc dé xuit nhu sau:

F.=F, . +F

a_eq a_sw

= Cllqa +C12qu + él
_(( I _CzMzzian)Mlil)_l

ClQa +C3qu (10)
_CzMzz_l (Gz + Clea + szQu )

+c,sgn(s)+cgsig(s)™
+Cesig(s)™ +¢,S

Théng qua md hinh cdng truc gian banh 16p &
phuong trinh (5), tin hiéu diéu khién dwoc dé xuat
dya trén 1y thuyét didu khién truot, mo ta boi phuong
trinh (10). Ngoai ra, bo diéu khién trong (10) khong
chtra cac thanh phan diéu khién giy ra hién tuong
diém ky di. Tiép theo, tinh 6n dinh ctia hé théng
duoc kiém chung thong qua ly thuyét 6n dinh
Lyapunov.

3.2. Phén tich on dinh

Chon ham Lyapunov nhu sau:

1
V=Zs"s 11
5 (11)

Dao ham phuong trinh (11) theo thoi gian va két
hop v6i phuong trinh (7) ta thu duogc:
_ST (qa_(jad)+cl(Qa_qad) (12)
+C2 (Qu _qud )+C3 (qu _qud )
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Thé lan luot cac phuong trinh (4), (5), va (10)
vao (12) ta co:

(Is _CzMzzilel)l\_/llil

V=57 (Fa _(Cllqa +C—:12C1u +él))
_CzMzz_1 (C21Qa + szQu + Gz )
+ClQa +C3Qu +®

(13)

trong d6 @ =c,M,,"d, +(I, —¢,M,, "M, )M, €, .
Trong thuc té, cac bat dinh va nhiéu thuong co
ngudn nang luong hiru han va mé hinh luén hoat
dong dudi nhimg rang budc vat ly. Do do, gia sir ton
tai p>0 sao cho ||®] < p. Thay tin hiéu diéu khién
(10) vao (13) ta thu duoc:

V =-s"c,sgn(s)-s"cgsig(s)"

—scgsig(s)” —sc,s+s'@
_”S”( min (CA)_"G)") S CSSig (S)y1 (14)
—s'csig(s)™ —s'c,s
S—”S”( min (CA) ) STC5Sig(S)#1
—sTcgsig(s)” —s'c;s
Chon tham s§ diéu khién c, thoa man

A (04) > p. Pao ham ctia ham Lyapunov trong (14)

min

duoc danh gia nhu sau:

V <—s"cgsig(s)* —s'cgsig(s)” —s'c,s
3 i +1 3 i +1

<-min(cg Z(|s| ) 2 —min(c, Z(|s| )

i=1 i=1

—min(c7i)2(|si|z)

i=1

15)
Ap dung bét ding thirc Holder va Jensen ta thu
duoc:

. At
V <—min(c; )(Z|s, |2J ‘
i=1
My +1

—min(c;, )i('s' |2)

i=1

1y

—min(cq;)3 2 (Z|s| j

) +1
<—min(c, )(2V) 2 —mln(cﬁl)3 2 (2V)#2
—min(c,; )2V

Al K+l
<V 2 -¢V 2 —¢V
(16)
w1 M+l 1w
voic, =22 min(cy), ¢ =2 2 3 2 min(cy), va
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c,” =2min(c,, ). Bang céch chon céc tham sé diéu

khién c,,c,,c, 1a cic tham sé duong, phuong trinh

(16) chi ra rang dao ham ciia ham Lyapunov am, déu
bang xay ra khi va chi khi s=0. Nhu vay, hé thong
6n dinh tiém can theo 1y thuyét 6n dinh Lyapunov.
Viéc xac dinh thoi gian hoi tw ¢b dinh da dugc dé
cap dén trong nghién ciru trude day [21]. Dya trén
nghién ctru [21], thoi gian hoi tu cua bd diéu khién
dé xuét trong (10) cho cong truc gian banh 16p duoc
tinh toan trong nghién ctru nay. Bang cach viét lai
(16) dudi dang vi phan ta thu duogc:

dt<-— dv (17)

m+l o+l
+c,V

GV 2 +cV ?

Tich phan 2 vé trong khoang thoi gian [0,T] ta
co:
V(o)
T< j dv (18)

M+l Hp+1
*
+c,V

¢V 2 +cV 2

1 b=ttty
2

Pat V(0)=V,, 0<a_“12+1

va @=-— tacd:

dav
¢ Vi+c VP +c,V
dv
¢, Vi+c, VP +c, 'V (19)

+J- dv
1c VP +c,V

Vo

Xét thanh phan thir nhat, ta cé:
1
av
L=l
! ¢ Vi+tc,V
1 ¢ odvt?
l-agc, +¢, V2

o a)'”[ ]

Xét thanh phén thir hai, ta co:

(20)
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dv
¢ VP +c,V

V"dv

¢, +c, Vi

o' -
0

o
Il

e2))

Il
re Sk rem S me S

c, +¢, 6"

Xét can trén cua thoi gian hoi tu cta hé théng
didu khién, khi 6 phuong trinh (21) dugc bién dbi
thanh:

1

Vo b-2
. 0°°do
TZ <-— ||m T
Vom® e Cg +C, O
1 ¢ do

= = = 22
b-1{¢, +c, 0" @)

o
RN Y
¢, (b-1) Co
Nhu vay, mat truot s€ hoi tu vé khong sau khoang
thoi gian ¢b dinh nhu sau:

T<t=—t In[1+&
¢, (1-a) C,

(23)

+————1In [1+ Cl ]
¢ (,uz _1) Cs

Béng viéc lya chon cac tham sé diéu khién trong
phuong trinh (10) pht hop véi hé thdng, bo diéu
khién gitp dam bao kha ning bam quy dao mong
muén va giam thiéu cac dao dong l4c. Hon nita, dua
vao phuong trinh (23), ngudi van hanh cé thé diéu
chinh cac tham sé cg,c,,C,, 24, 11, dé kiém soat thoi
gian hoi tu cia hé théng ma khéng phuy thudc vao
trang thai ban dau.
4. M6 phéng kiém chirng

Trong nghién cuu nay, hai kich ban mé phong
dugc xdy dung nham kiém ching tinh hidu qua cta
phuong phap dé xuat. Thong s6 ctia mo hinh cong
truc gian banh lép dugc lya chon dya trén nghién
ctru [18], cu thé nhu sau: m =5kg, m_=0.85Kkg,
m, =7 kg, m =2kg, b, =27 Ns/m, b, =18 Ns/m,
b, =20 Ns/m, b, =5 Ns/m. Thong s6 ciia bo diéu
khién dugc chon nhu sau: ¢, =055, c,=0.5
¢, =100, c,;, =¢c,, =0.1, c;; =¢C;, =—5,24 =05
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M, =15,¢, =c,, =c,; =50, ¢, =C; =C, =5I,.

Kich ban 1 dugc xdy dung dé nhan manh kha
nang hoi tu vé gia tri mong mudn trong khoang thoi
gian ¢6 dinh ma khong phu thude vao diéu kién ban
dau cta hé théng. Nghién ciru xem xét 3 diéu kién
ban dau khac nhau cua hé théng, cu thé:

-Piéukién 1:q,, =[0 0 0.75]

-Pidukien2:q, =[2 3 1]

-Pitukién3:q,, =[6 4 225]
Két qua md phong Hinh 1-5 chi ra ring véi nhitng
diéu kién ban dau khac nhau cua hé thdng, cac trang
thai déu hoi ty vé gia tri mong mudn trong cling mot
khoang thoi gian. Cu thé, dép ung chuyén dong cua
céng truc theo truc x va truc y hoi tu vé gia tri dat
sau khoang thoi gian 1an luot 1a 7 gidy va 9 gidy, mo ta
trong Hinh 1 va 2. Bén canh d6, sau khoang 5 giay,
chiéu dai day cap 6n dinh & mirc 1.5m ma khong bj anh
huong boi diéu kién dau, thé hién trong Hinh 3. Hinh 4
va 5 md ta cac dao dong cla tai, ¢ thé thiy bo dicu
khién c6 kha nang dép tit cic dao dong lic cua tai dé
gitr cho hé théng 6n dinh trong suét qua trinh van hanh.
Nhu vay, béng cach lua chon céc tham sd diéu khién
phu hop trong phuong trinh (23), phuong phap dé xuét
¢6 kha niang cho phép ngudi van hanh kiém soat thoi
gian hoi tu ctia hé théng mot cach d& dang.

f’r\ [—Tham chiéul

\ - -Diéu kién 1

S Didu kién 2
- -Diéu kién 3

4

= .’ I\\
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Hinh 2. (Kich ban 1) Ddp iing chuyén djng theo trucy

Trong kich ban 2, bo diéu khién dé xuét duoc
xem xét 1am viéc trong méi truong c6 nhidu va bat
dinh. Ngoai ra, bo diéu khién SMC théng thudng
duoc su dung dé so sanh hiéu suét bam quy dao dat,
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(24)

Trong d6 cac tham s6 didu khién duoc lya chon
gidng voi bo didu khién dé xuit. Cac trudong hop
nhidu duoc st dung dé kiém chung tinh bén viing
ctia phwong phap dé xuét gdm:
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(1) DBé kiém tra tinh bén viing cua phwong phap
dé xuat, cac bat dinh cuia hé théng dugc xem xét. Véi
tham sb bo diéu khién khong d6i, cac thong s6 mod
hinh c6 gia tri nhu sau:

m, =30kg, m, =4kg, m, =42kg.

(2) Bén canh viéc xem xét cac bat dinh, nhiéu moi
truong ciing 13 mot yéu t6 anh huong dén chat luong
diéu khién. Nhiéu gi6 dugc st dung c6 dang [18]:

d, =0.5pk,c,Av’ (25)

Ngoai ra, cac yéu t6 bt thuong va khong ludng
trudc dugc tac dong 1&€n hé théng duoc gia st co
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dang:

10.5sin(0.7t)
4.75c0s(0.3t)
d, - 0 (26)
0.05c0s(0.02t)
0.05t

Véi truong hop nhidu dau tién, Hinh 6-10 cho
thdy ca bo diéu khién dé xuét trong (10) va bd SMC
trong (24) van cho hiéu sudt bam quy dao mong
mudn tét, diéu nay cho thiy kha ning lam viéc trong
mdi truong c6 bat dinh. Ngoai ra, nho vao viée ¢o
thé tinh toan dugc thoi gian hoi tu trong phuong
trinh (23), bo diéu khién d& xuit da cho ra dap tng
nhanh hon bd SMC théng thudng. Véi chuyén dong
theo truc x va y, thoi gian hoi tu cua bo diéu khién dé
xuit nhanh hon bd SMC thong thuong khoang 1.5
lan, mo ta trong Hinh 6 va 7. Pac biét, kha nang dap
g nhanh ctia phuong phap dé xuat dugc thé hién ro
nhét trong Hinh 8, khi ma chiéu dai day cap hoi tu vé
gi4 tri mong muén nhanh trong khoang 6 gidy trong
khi véi bd SMC thong thuong 1a khoang 11 giay.
Céac dao dong lac cua tai déu duogce triét tidu chung to
kha ning bén viing cua bo diéu khién dé xuat véi cac
bét dinh, thé hién trong Hinh 9-10. Quan sat trong
truong hop nhidu thir hai, mac du bo diéu khién d&
xudt van cho thiy kha ning bam quy dao t6t hon so
v6i bd SMC thong thuong nhung ca hai by diéu
khién déu bi anh huong hiéu suit dau ra dang ké.
Qua d6, mot van dé tiém nang duoc dua ra va can
giai quyét trong tuong lai.

5. Két luin

Nghién ctru nay di phat trién bo diéu khién bén
vimng thoi gian ¢d dinh cho hé cbng truc gian banh
16p. Dua trén 1y thuyét diéu khién truot, phuong
phap dé xudt dam bao cac trang thai cia hé thong
tién t6i gia tri mong mudn, dong thoi dap tit cac dao
dong lic cua tai. Ngoai ra, kha nang 6n dinh bén
viing véi mot s6 bt dinh va thoi gian hoi tu cua hé
thong dugc kiém ching dya trén ly thuyét 6n dinh
Lyapunov va cic md phong sb. Tuy nhién, véi cac
loai nhidu phirc tap hon, dap ting dAu ra cia phuong
phap dé xut con ton tai sai léch tinh 16n. Vi vay, mot
cAu trac diéu khién tich hop bd quan sat nhidu s&
dugc xem xét trong cac nghién ctru tiép theo. Ngoai
ra, cac nghién ctru thyc nghiém s€ duogc tién hanh
nham nang cao d9 tin cdy cta phuong phap dé xuat.

Loi cam on

Nghién ctru nay duogc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT24-25.28.
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