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Adaptive Variable Structure Control of Container Cranes with
Unknown Payload and Friction
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Abstract: This paper introduces an adaptive anti-sway tracking control algorithm for container cranes with unknown payloads
and friction between the trolley and the rail. If the friction effects in the system can be modeled, there is an improved
potential to design controllers that can cancel these effects. The proposed control improves the sway suppressing and the
positioning capabilities of the trolley and hoisting against uncertain payload and friction. The variable structure controls are first
designed based on a class of feedback linearization methods for the stabilization of the under-actuated sway dynamics. The
adaptation mechanism are then designed with parameter estimation of unknown payload and friction compensation for the trolley
and hoisting, based on Lyapunov stability methods for the accurate positioning and fast attenuation of trolley oscillation due to
frictions in the vicinity of the target position. The asymptotic stability of the overall closed-loop system is assured irrespective
of variations of rope length. Simulations are shown under various frictions and external winds in the case of no priori

information of payload mass.
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Fig. 1. Sway of the container by trolley movement.
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Table 1. Parameters of the nominal crane system.
Mechanical property Symbol | Value Unit
Trolley system weights my 36.0 kg
Hoist system weights m 1.7 kg
Payload weights m, 15.0 kg
Rope Length l 10.0 m
Moment of Inertia of payload I 0.05 kgm?
Max. trolley velocity Uy 1.5 m/s
Max. hoisting velocity Ulmax 5.0 m/s
E 2. Ao Al=F e gEtrE.
Table 2. Parameters of the control system.
Symbol Values Symbol Values
A, 1.0 A 1.0
A, 1.0 Ay 1.0
k, 1.0 I, 1.0
I 21, I, 1
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Table 3. Operational environments of crane system.
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No. Op. Environments Details
c 0| Friction Model-A k”:k1 =3.0, k, =k =10,
ase ()| Friction Model- k,=k,~1.0 in Eq. (10c)
c N Friction Model.B k,.=k,=1.0, k_ =k =10,
ase (2)|  Friction Model- k, k =3.0 in Eq. (10c)
. fo= -10N, 22 <t < 24s
Case (3)| External Winds o= 10N, 26 <t <28s
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Table 4. Condition of simulation.

Case| Basic model Details with payload estimations
(i) | Friction Model-A | Case (1) in Table 3, nAzp(O) = 15kg
(ii) | Friction Model-B | Case (2) in Table 3, m, (0) = 15kg
.| Friction Model-A | Case (1) & Case (3) in Table 3
(i) & External Winds| — m, (0) = 1kg or m,(0) =15kg
W) Friction Model-B | Case (2) & Case (3) in Table 3

& External Winds

m, (0)=1kg or m,(0)=15kg
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