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ABSTRACT

In this paper, an anti-sway control scheme for a container crane that is
used for vessel-to-truck and truck-to-vessel loading and unloading of
containers at a container terminal is investigated. The control objectives
are to move a container to a desired position and to suppress its
transverse vibration produced by trolley motion in the presence of the
friction force and the control input saturation. In this study, friction
coefficients are estimated using the recursive least squares (RLS) method,
and the friction force is incorporated into a nonlinear control law. The
designed control input for control of the trolley motion is modified to
satisfy the saturation condition of the actuator (electrical motor). The
nonlinear control law guarantees the asymptotical stability of the closed-
loop system. Simulation and experimental results verify the efficiency of
the proposed algorithm.

TOM TAT

Trong bai bdo nay, mét phicong thire diéu khién chong lic cho can cau
container dang duoc siu dung dé van chuyen container tai cdc cang
container duwgc phat trién. Muc tiéu diéu khién la di chuyén container dén
Vi tri mong muon va ngan chan viéc dao dong ngang cua container trong
qud trinh di chuyén véi s ton tai ciia luc ma sat. Trong nghién cleu nay,
hé s6 ma sdt dwoc wée tinh bang phwong phdp binh phwong cuc tiéu hoz
qui (RLS), va hec ma sdt dwoc tich hop trong ludt diéu khién phi tuyén.
Ludt diéu khién phi tuyén dam bdo si on dinh tiém cdn cia hé diéu khién
vong kin. Két qud mo phong va thuc nghiém xac nhan tin hiéu qua cua
thudt todn dé xudt.

1 GIOI THIEU

Céan cau dugc st dung rong rdi trong cong

cAu d3 ludn ludn nhim muyc tiéu triét tiéu dao dong
lac cua tai.

Nhu dd néu, chuyén dong lic phat sinh khi ting

nghiép dé van chuyen hang hoa tir noi ndy dén noi
khac trong nhidu dia diém khac nhau: bén cang,
kho hang, nha may, cong trudng, co sé hat nhan va
nhitng nguoi khac. Khi chuyén dong cua gian xe
day 1a nguyén nhén gay ra viéc lic lu cia tai trong
khi van chuyén, ddc biét 1a khi ting téc dau hanh
trinh va khi giam tdc cudi hanh trinh, thi viéc loai
b6 chuyén dong lic nham lam tang thoi gian hoat
dong hiéu qua cua can cau la mot vin dé quan
trong trong viéc st dung can ciu. Do d6, nhiéu nha
nghién ctru 1am viéc trong linh vuc didu khién can

tdc dau hanh trinh va giam toc cubi hanh trinh cia
xe ddy. Chinh diéu nay lam giam hiéu qua hoat
dong cua can cau trong cac nganh cong nghiép giao
thong vén tai va xay dung, ké ca truong hop can
céu twong dbi don gian dugc sir dung. Do do, cac
nha nghién ctru trong didu khién can cau da tap
trung vao cac giai phap diéu khién triét tiéu dao
dong mot cach nhanh chong, lién tuc va hiéu qua.
Céc phuong phap diéu khién can cau da dugc phat
trién bao gdm hiéu chinh ngd vao (Blackburn et al.,
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2010; Hong, Huh, & Hong, 2003; Hong, Park, &
Lee, 2000; Huey, Sorensen, & Singhose, 2008;
Singhose, Perter, Kenison, & Krrikku, 2000;
Sorensen, & Singhose, 2008, Sorensen, Singhose,
& Dickerson, 2007; Sung & Singhose, 2009), diéu
khién t6i wu (Al-Garni, Moustafa, & Javeed
Nizami, 1995; Terashima, Shen, & Yano, 2007),
diéu khién tuyén tinh/phi tuyén (Kim, Hong, &
Suk, 2004; Klosinski, 2005; Messineo, Celani, &
Egeland, 2008; Park, Chwa, & Hong, 2007;
Sawodny, Aschemann, & Lahres, 2002), diéu
khién bién tir quan diém xem hé thong can céu la
hé van chuyén lién tuc (d’Andrea-Novel & Coron,
2000; Kim & Hong, 2004; Ngo, Hong, & Jung,
2009), diéu khién truot (Almutairi & Zribi, 2009;
Bartolini, Pisano & Usai, 2002), diéu khién mo
(Benhidjeb & Gissinger, 1995; Chang & Chiang,
2008; Liu, Yi, Zhao, & Wang, 2005) va diéu khién
thich nghi (Cheng & Chen, 1996; Hua & Shine,
2007; Messineo & Serrani, 2009; Mizumoto et al.,
2007).

Trong nghién ciu nay, mét thudt toan diéu
khién dya trén mo hinh phi tuyén tinh cta can cau
container dd duogc thiét ké. Trong d6, lyc ma sat
duoc tinh dén va xac dinh dwa trén mé hinh lyc ma
sat Coulomb (Olsson ez al., 1998; Lu et al., 2009).
Luc ma sat xuat hién trong he thong lam tang sai s6
xac lap trong bai toan diéu khién vi tri. Néu xét dén
viéc diéu khién chdng lic thi chit lwvong diéu khién
nhu vay la khong thé chép nhan. Vi vay, ma sat
phai dugc udc tinh, va sau d6 la viéc bu ma sat
phai dugc 4p dung dé loai bo tac dong cua né. Dé
udc lugng lyc ma sat, mot mo hinh toan hoc cua né
duoc st dung, va cac hé s6 ma sat cia cac mé hinh
dugc ude tinh bang cach sir dung phuwong phap
binh phuong cuc tiéu hoi qui (RLS).

Bai bdo dugc trinh bay nhu sau: hé phuong
trinh todn hoc md ta ddng luc cia mot can céu
container dugc thiét 1p va cac mé hinh toan hoc dé
udc tinh ma sat duge cong b trong phén 2; trong
phan 3, mot luat diéu khién phi tuyén dugc dé xuét;
phan 4, két qua mo phong va thuc nghiém cho ca
hai phwong phéap diéu khién tuyén tinh va phi tuyén
duoc thao luan; cudi cung, két luan duogc rut ra
trong phan 5.

2 MO TA HE CAN CAU CONTAINER
2.1 Dong luc hoc hé cin ciu

Xem xét cAn cAu container dwoc minh hoa
trong Hinh 1. Container dugc gitt boi ngam kep
container (spreader) va ca hai duoc lién két voi xe
déy (xe goong) bang mot day c6 chidu dai /. Khéi
luong cia xe diy va tai trong twong ung 1a m, va
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. Mot luc di@;u khién f+ dugce tac dong vao xe déy
dong thoi xe day bi anh hudng bdi mot luc ma sat
/. Viée di chuyén cua xe day dén vi tri mong mudn
s¢ gdy ra dao dong lic Iu cia container. Trong thyc
té, mot can cdu container st dung bén soi diy
thimg dé lién két ngam kep véi gian xe day Tuy
nhién, trong nghién ciru nay, dé don gian, cin cau
container dugc m6 hinh hoa 1a mot soi day lién két
gilra tai va xe day Gia thiét rang chuyén dong cua
xe ddy va chuyen dong lic cua tai cung nam trong
mot mit phing, co nghia 14, mat phing XY (xem
Hinh 1). Dat x 1a vi tri xe dﬁy trén truc X, 6 1a goc
lic va g la gia toc trong truong.

Xem cac chuyén dong cua hé théng trong
mot mdt phang hai chiéu khong ma sat, dong ning
T va thé nang U cua toan by hé théng duoc xac
dinh béi:

I ., 1 ; -
T:Em[x +Emp(lcos€—l€s1n€)2

+%mp()'c2 +isin9+lé’cos€)2

1 IR Y
=E(mt+mp)x +Empl +Empl o

+ mpfx sin 0 + mplx9 cos 6,
U=—mpglcos€. 2
bit g= (x,@) 1a toa do suy rong twong tng

véi cac luc tac dong trong toa d suy rong,
f =( x,O),Vé st dung phuong trinh Lagrange

dfer) or ou_.,
di\oq; ) oq oq "

1
thi phuong trinh chuyén dong duoc xac dinh nhu

=12, 3)

sau:
Nist A
@) Trolley @)

0 OCO)O : O(O)O X

my ﬁ

f,\' ‘Os \ Os

A

Hinh 1: M hinh toan hoc hé cin ciu container
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1. =(mt +mp)€+mpi'sin¢9+mplécos9
+ 2mpiécosﬁ—mp192 sin 6, 4)

0=m,licos @ +m,I*0 -
+2m 110 +m gl sin 6.

V6i viée ton tai clia lyc ma sat, f;, thi phuong
trinh (4) duogc viet lai:

fo=fo=lm +m, e +m i'sing
+mp190056+2mp1900s0 ©)

—m,16” sin 6.

Trong phan tiép theo, mot mé hinh toan hoc
cua lyc ma sat cung v6i phuong phap wéc lugng hé
$0 ma sat s€ dugc trinh bay.

2.2 Uéc lugng ma sat

Ma sat luon ton tai trong cac hé co khi va la
nguyén nhan cia nhidu hién twong nhu chuyén
dong theo tré (tracking lags), sai léch tinh (steady-
state) hodc 1a chuyén dong nhay (stick-slip
motion). R4t nhiéu md hinh ma sat da dugc nghién
ctru, trong d6, mé hinh trong Hinh 2 duoc gidi
thiu boi Olsson et al. (1998) dugc st dung
phd bién. Ap dung mo hinh nay, ma sat gitta xe day
va dudng ray trén can cdu container dwoc cho
nhu sau:

= 1=l e i)
+k(i§%@‘—q&) ™

¢ day, f; 1a lyc ma sat nghi tai vi tri diing yén, & va
¢y 1a hé s6 ma sat Coulomb va hé s6 nhét, va ¢
duogc dinh nghia la chiéu cua van toc, ¢ = sign(x).

Luc ma sat tinh tac dong nhu 1a phan luc khi
luc phat dong khong 16n hon luc ma sat Coulomb.
Vi véy, luc ma sat tinh c6 thé 1a bat ky gié tri ndo
trong khoang & va & trong mién van toc khong
(zero- velocity) Dé triét tiéu luc ma sat tinh, luc
phat dong can phai dao chiéu sau khi qua khoi
ving van tdc khong, diéu nay s& tao ra chuyen
dong quay vong theo chu ky (limit cycles). Dé
Kkhéc phuc hién tugng nay, lyc ma sat tinh dugc
xép xi nhu 1a mdt ham lién tuc trong mién van tdc
khong, nhu Hinh 2(b). Khi d6, mé hinh ma sat maéi
duoc d& xuat trong diéu khién can cdu 1a
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T ——
+(1 —n)(gTHj( T+ cv+x)
+(—n{i§%@—qxl ®)

& day dv 1a gioi han trén cua ving van tdc
khong va 7 1a hé so dugc dinh nghia nhu sau:

it i<y,
o

if [x]>dv.

Trong viéc udc luong ma sat Coulomb va ma
sat nhot, xe ddy dugc thiét ké dé di chuyén ra ngoai
vung van tde khong. Vi vay, lyc ma sat tinh dwoc
bo qua trong mo hinh uéc lugng. Bén canh do, dap
tmg cua dong co thi nhanh hon dép umg cia xe
day. Cho nén, dong co diéu khién chuyén dong cua
xe day dugc md hinh hod nhu 1a m6 hinh tuyén
tinh v6i hing sé chua biét, k.

Sy =kyu, (10)

o day, u 1a ngd vao diéu khién dong co.

)

Friction 4 .
force () c,
&
Velocity X
F
¢,
(a)
Friction 4 f
force (f;) i c,
&b
Velocity X
&
(b)

Hinh 2: M6 hinh ma sat
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Phuong trinh chuyén dong ciia dong co duoc
viét lai trong treong hop ton tai lyc ma sat la:

i=n(0.6)+ g(0)f. - 1) an
9=h2(9’0)+g2(9)(fx_fr)’ (12)
o day
hl(g.’e):mpgsinﬁ.cozsé’
m; +m, sin 0
+—mp2.sin¢9+mpl¢9'2sin¢9
mt+mpsin20 ’
hz(e.ﬁ):—(mp+mt)gsin0+fnl;?'sin0cosﬁ
m,l +m,lsin” 0
mplézsinﬁcosﬁ 20
ml+mylsin®@ 1~
1
g(0)=————.
m; +m, sin o
l0)- -

.2 *
ml +my,lsin” 0

Thay phuong trinh (8) va (10) vao (11) va bo
qua ma sat tinh dugc két qua sau:

¥ — (0,0 +1 :
g’_) = kmu — (g_j(éﬁ + c:'x)
81 (9 ) 2
-1 ( - )
{55 -
Phuong trinh (13) 14 tuyén tinh theo cac thong
sb chua biét O = [k, 7 & ¢l ¢, ] nén phuong
phap binh phuong cuc tiéu hdi qui dwoc st dung dé

udc lugng cac thong so trén. Cac ham s6 dugc dinh
nghia nhu sau:

h(e)= (¢ - m(6.0))/g,(0),
@ (t)=[u —05g+1) —05(g—1) —~05g+1)x 0.5g—1)],
va vi vay,

We)=9" ()0

St dung phuong phap udc luong RLS (Astrom
& Wittenmark, 1994), véc to thong sO chua biét
duoc xac dinh la:

0()=0@1-1)+K()),

(13)

(14)

(15)
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o day

K(t)= P(t-1)p(t =1)A+ 0" (t—1)P(t—1)p(t 1)),
£(t)= h(t)= " (t=1)p(e 1),
PUO)=(1- K)o (- 1)Ple-1) 2

A 14 hé s6 suy nhd (forgetting factor), va 7 1a ma
tran don vi. Dé mg dung phuong phap RLS, tin
hiéu tham chiéu duoc chon dé thoa man diéu kién
kich thich lién tuc (persistent excitation - PE). O
day, gia toc va van toc cua trolley dugc gia dinh 1a
do ludng hay uéc luong duoc tir thong s6 vi tri do
duogc. Vi viy, ham s6 h(f) trong (14) dugc xac
dinh. Céc thi nghiém da dugc thuc hién dé danh
gia phuong phéap nay va cac két qua dugc trinh bay
trong phan 4.

3 PIEU KHIEN PHI TUYEN

Trong thup té, ludn ton tai mot gia tri cua ngd
vao diéu khién d€ h¢ phwong trinh (11) va (12)
thoa méan diéu kién:

5= m(0.0)+ g0, - £,)

=Xy — k(X —%,)— ko (x—x,)
6= hz(é’g)Jr 82(9)(fx _fr)

= 2k,0 - k}0,

(16)

(17

& déy, x. 12 vi tri mong muén cua xe ddy. Khi diéu
kién (16) va (17) cung thoa man thi hé thng 1a 6n
dinh tiém can va hoi tu vé trang thai mong mudn,
g4 =(x;,0). Dé thiét ké ngd vao diéu khién,
phuong trinh (16) va (17) duoc viét lai duéi dang
ma tran sau:

hl(é, 9)} {gl(g)} {V1:|
. + fx _fr = > (18)
|:h2(03 9) gz(‘g) ( ) V2
o day, v =3y —kyl&-ig)=kolx-x,) va
vy =—2k,0 — k30 . Vi vy, ngd vio diéu khién u,
dugc thiét ké la:
y =L|:g1(‘9 Ul —h1(9.,9))}
k| i (0)+23(6)
+L|:gz(9)("2 —hz(é"g))+f :I
2 2 rl
k gt (0)+g3(0)
Hang s6 dong co va cac hé sb ma sat da udc

luong trong phin 2 duoc dua vao trong giai thuét
diéu khién.

m

(19)

m
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4 KET QUA MO PHONG VA THUC
NGHIEM
4.1 Uéc lugng ma sat

Mot can cdu hai chidu ding trong phong
thi nghiém duoc st dung dé thuc hién cac
thi nghiém. Pé théoa min didu kién PE [30],
tin hiéu tham chiéu dwoc chon nhu sau: x; =
0.5sin(m#/2) + 0.25sin(n#/3) + 0.25sin(nt/6). Khdi
luong cua xe ddy va tii dwoc cho nhu sau:
m=1.67kg, va m,=0.73kg. Khi ngd vao diéu khién
tac dong vao xe ddy, xe day s& di chuyén theo ca
hai chiéu dé ham s trong (13) dugc xac dinh voi
moi thong sb. Thong sé wée lugng duge xac dinh
theo (15) va dugc trinh bay trong Hinh 3. Tét ca
céc thong sd déu hoi tu vé gia tri thuc ctia hé théng
khi vén tdc thay déi bao gdm chiéu chuyén dong
4m va dwong. Tuy nhién, bé mat tiép xuc giita
duong ray va xe diy khong duoc nhin mot cach ly
tuéng nén van con tdn tai su sai 1éch nho. Trong
thuc té, gia tri sai léch nay 1a khong dang ké va
chdp nhan dugc ddi voi md hinh thue nghiém. Vi
vdy, gia tri trung binh (bao gdm ca sai 1éch) cua hé
s6 ma sat duoc ding cho muc dich diéu khién.

Positive direction ( c: ) ]

0 ~ ~ ~ Negative direction (c_)

| | | | | |
200 250 300 350 400 450
Time [sec]

@

I
150 500

Positive direction ( xi )

! ~ = =~ Negative direction ( xi ) |

IS T T T e

_ L L L L L L L L L
0 50 100 150 200 250 300 350 400 450

500
Time [sec]
3l 4
251 vl
E
g 2r 1
3
an
=
% 1.5 q
>
1 i
0.5 . . . . . . . . .
0 50 100 150 200 250 300 350 400 450 500
Time [sec]
(c)

Hinh 3: Théng s6 dwoc wéc hrong
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4.2 Giai thuit diéu khién phi tuyén

Vi cac hé sd ma sat duoe ude lugng mot cach
chinh xac thi Iyc ma sat hoan toan dugc tinh toan
theo phuong trinh (8). Mot khi lyc ma sat va hang
s6 dong co k, duoc xac dinh thi luat d1eu khién
(18) duoc ap dung dé diéu khién can cau. Viéc ap
dung luat diéu khién phi tuyén c6 bii ma sat mang
lai két qua rat kha quan. Xe diy dat duoc vi tri
mong mudn véi dao dong rdt nho cua tai, theo
Hinh 4. Tuy nhién, goc lic dong co van con dao
d6ng vai bién d6 nho ngay khi xe diy duing lai & vi
tri mong muén. Dao dong nay 1 do boi xe day di
vao ving van toc khong va tai d6 lyc ma sat thay
ddi chiéu dot ngot. Tuy nhién, dao dong nay la
khong dang ké néu so voi goc lic cua tai khi khong
c6 diéu khién.

5 KET LUAN

Luc ma sat ludn ton tai trong cac hé thong can
cdu va cac hé s6 ma sat thuong 1a khong xac dinh,
didu nay gay kho khan trong viée thiét ké hé thong
diéu khién chinh xac vi tri cua xe dy va chdng lic
cho tai. Tuy nhién, bai bao gidi thiéu mot phuong
phap udc lwong cac hé s6 ma sat sir dung phwong
phap binh phuong cuc tiéu hdi qui, dong thoi thiét
ké luat diéu khién phi tuyén c6 bu ma sat dé diéu
khién xe ddy dén vi tri mong muén véi goc lic
duoc triét tidu & cudi hanh trinh. Két qua thyc
nghiém da cho thiy tinh hiéu qua ciing nhu kha
nang 6n dinh cua luat diéu khién phi tuyén co bu
ma sat.

0.6 i

Trolley position [m]
=3

0.4f 1
02 S S S R
0 2 4 6 8 10 12 14 16 18 20
Time [sec]
(a) Vi tri xe day
0.1 ‘ ‘ ‘ ‘
=)
S 005t
)
2 o
©
z
2 -0.05f]
-0.1
0 2 4 6 8 10 12 14 16 18 20
Time [sec]
(b) Goc lac cua tai
Hinh 4: Pap ung ciia hé thong khi di€u khién
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LOI CAM TA

Tac gia chan thanh cam on Truong DPai hoc
Céan Tho di cap kinh phi dé thyc hién nghién ctru
nay. Nghién ctru dugc thyc hién dudi sy tai trg tir
Dé tai nghién ctru cp Trudong nam 2013 (M sb dé
tai: T2013-06).
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