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A Study on the Sway Suppression Control of Container Cranes

Woon-Bo Baek*

Abstract

In this paper, we consider the sway suppression control problem for container cranes with load hoisting. The proposed
control law improves the positioning accuracy but also the sway suppression through fast stabilization of the under-actuated
sway dynamics, which is based on a class of feedback linearizing control incorporated with an additional control including
the sway angle and its rate as well as positioning errors and their rates. For the design of the additional control, a variable
structure control with the proper sway damping and simple switching action is employed, thus preventing excessive
overshoots of the trolley travelling and effectively suppressing the residual sway of container arrived at the target position.
Simulation results are provided to show effectiveness of the proposed controller in the presence of such uncertainties as

winds and the variation of payload weights.
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Fig. 1 Sway of the container by trolley movement

110

A7|A, x, = 27 EEe] 9 HA4 229 9]%|, 0= ZH|o]
Hel £5¢ 7o i< /201t £,. £, 47t ES2loL U4
o Aol Ao, m,, my, mp% 7tz EEe 9 A A
28, Aoy o] FAoln, 7+ Heo| o] IRHE, 11

g]\: '6'—17]"1_50]14'

a2)a 4] (10)2 0ol e Helsha g 2k

0=—a(cosbz +gsinf +216) (1d)

71A, a= 0, 0 1
o71A, a= pl+1> cosf >0 (le)

AL (1dE A (la)ell Agsta, EEd] 9 A4 59 9AE
r=lz, 1]7, A0l Y& F=[f,, fI"2 FH, 4 (1a), (1b)
L et go] eldnh

Mr—W=F (2a)
A7, ME R, we R

L |m,+m,—am lcos®0 m,sinf

M=\ mpsinep m,+m (20)

Zmpcosé?ié(alfl)‘
W= + mplsinQ (0%4 agcost) (2¢)
mpl92+mng059
3. Hoj7| AA

Ege) 9 WY 75 944 0AE 4 Gu £tk

e=le,. e]”

=r—r=lz—a, 1—1,]" 3)
A7NM, ry=la, L) 71EAA W, =Y AP
435] 19 A ()% 23} 2ol AR,

r=PF+ W (42)
o 71A,
P=M"' W=PW (4b)



BHFA AR EA| AR

3|X| Vol.21 No.1 2012. 2.

YR EERELE EERIS DEEEIEE L

=, ¢
o} Alole o Zh
F=P ' (v—mw) (5a)
v=rke—kge (5b)
o714,
k, =diag[24,, 24]]
k, = diag[A%, A7), A, AERT (5¢)

A (sa)el A WL, 1.0.0)0] o3 u14% F5o] nArH
ehe, 59 cloluuls (14)9] 9P48kE 7I5He Ao] 414 ¢k
ong, 4 ()2 vle.d)o] HTE W4E A4 ERAYE
WO, ule,e,0) V0] AFE7IE Tk o714 A (5ot
2ol F, tholbulag mRele e TR olF A

2948 ZHTHE Fle,e,0,0)9 Fe= AR

v=rke—ke+F, (5d)
o714,
F,=[fol" (Se)

TR, (5a), (59 (@a)ZHE FEU] i 97 A4
Yo o

21,

e, +24,e,+ Ne, =f (6a)

et 246+ A2e, = 0 (6b)

4 (6a), (I)2HE F5 tholuit theat g,

0= —alcosh (x,~2A,e,— Ae, +f) +gsind +216)  (6¢)

&

T f olna AR 949 £20lY WE o
of T4
s=0+4,0+ 4, [ ot )

oA71M, Ay, A ERTOITE e
ek

4 (60), (N2 FE T3t

111

$=0+A,0+A0
= —acosh (f+z,~2A.e,—Ae,

®)
+gtan6) +216 + A6+ A

F=1, b, (%)
71,
feo= g (A,0-+ A0 +210) (9b)
a2 4 (8), a)2FE e g
s =—acosh ( f,+w,) (10a)
4714,
w, = a.:'df 2/116;*/1261, +gtanf (10b)
a9 £ 5 o 2ol wrk
Iy =] sgn(s) +ks (11a)
4714,
s if s>0
k,ERY, sgn(s)Z{O if s=0 (11b)
—s if <0
229 4 (100), (1), (Ie) 258 tho3} 2.
ss =—acosfs (jw)sgn(s) +w,+k,s)
= —acos 0 (|wyls|+ wys +k,s)
< —acosf k, s’ (12)

oq7|A, k. =acosf k, >0 O|EZ %32£72krs2 =

s= 93 A7 Ujof 00f =gk, ofof wel a2}k 6 o] 02
2 =9 4 9b)9] £, 7t 002 Heh s7} 0] ZEghe] uhet
A (112)9] £,7F 002 Fof, 23 4] (9a)9] f7} 002 533t
t}. olof wet 4 (6a), (6b)ollA] ZE $12] LAz 022 48]
stk 2, Ao] (5a), (5d), (9a), (9b), (11a)S ZH= A AH (2a),
()= Aoz A5t



=
TEﬂ;

A (9b)

1AL A (9a)oll Al ,fb.—o, 2] (9b)of A 4, =02
2 (5dy= 712 A1 vle,e,0) FE| 2 Hrk EEF
oA A,=0%, (11a)o]|A] kS: 2 27, 4] (11b)E A4 44

3 4 (2 g8, 12 0% AT Fe

F;(e,é,(),é)i Hoh ag)a A (11a)9] sgn(.)
Tz gAst] AEHd e 718 4 len,

AL
@’T\_

7% W

s(Lt(.)

g2 A S sl Al A Edlol 8 EA &

=t
oy [sgn(s) iflsl=e>0
lsat((s) = { s/e i f lsl< e (13)
4(13)9) & 712 W 28 o2 ool A HeE
£ % 9l
e=¢/A(.) (14a)
o} 7] A,
¢ if t<t,
A(t) —{a+be” if ty<t<T (14b)
a+beT if t=T

¢=a-+b, a, be, T € R

4, AlEgo|d Zx

AgH o) EFE Matlab o] ga1elow, A g o] 4ol
A A28 gkt Table 13} 2k 2.8 Aojsizin)

El= Table 2] Wbl A3t gof, 4 (5d)9f 4,, 4>

ES

H10) Zo] BF 1.0 o2 T3tk 4 (1la)ofA] k=01

X
NE W

2, 4 (134 e=1.002 F1
(140)lA 4 =0, T=10, a=b=
Egeioh A4l 27] A% 2470
L 77 2.0m, 1.0m 2, [EE A J

c=05 2 F

rlo

Table 1 Parameters of the crane system
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Mechanical property Symbol Value Unit
Trolley system weight my 1.06 kg
Hoist system weight m, 0.5 kg
Payload weight m, 0.73 kg
Rope Length l 1.0 m
Moment of Inertia of payload I 0.005 | kg/m?*
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Table 2 Parameters of the control system

Symbol Values Symbol Values
A, 1.0 A 2.0
A 1.0 A, 1.0
€ 1.0 k, 0.1
: : : Proposed
e b o Ref[10]
e S E—
E i Trolley | :
o Hoist
i | i
6 9 12 15
Time [sec]
(a) Positionings
0.10
Proposed
————— Ref[10]
< |
= '
= H
D 005 - oo m e e e R -
i i
E] 12 15

Time [sec]
(b) Sway motions

Fig. 2 The Position trackings and sway motions without initial
sway angle in nominal system
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Fig. 3 The Position trackings and sway motions with initial
sway angle of 0.17ad in nominal system
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Table 3 Condition of simulation
Case Operational condition Details
i Payloads of one-fifth weight m, =0.2>m,
i Winds in the same direction as fi=2N
the trolley movement 3<t<3bs
i Winds in the opposite direction to fo=—"2N
the trolley movement 3<t<3bs
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Fig. 4 The Position trackings and sway motions with of one-fifth
weight of nominal payloads in the case of (i)
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Fig. 5 Simulation results with winds in the same direction as
the trolley movement in the case of (ii)
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6 Simulation results with winds in the opposite direction
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