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Load sway suppression control for rotary cranes using only horizontal boom motion
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Abstract .

systems, a control method using only horizontal boom motion to achieve boom positioning control and load sway

Aiming at the problem of two-dimensional load sway caused by horizontal boom motions in rotary crane

suppression control simultaneously was proposed. Firstly, a partially linearized dynamic model of a rotary crane by using a
disturbance observer was derived. The model possessed robustness with respect to varying parameters, such as, joint
friction and load mass. Next, a nonlinear controller on the basis of the model was designed, and the stability of the control
system was ensured via Lyapunov stability theory. Finally, comparing simulations resulsts and test ones demonstrated the
effectiveness of the proposed method. A kind of rotary crane without an actuator for vertical boom motion could be
achieved by using the proposed method, therefore, the structure of cranes could be simplified and their production cost
could be reduced.
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Fig. 1 Schematic model of rotary crane
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Fig.2 Control system with disturbance observer
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Tab. 1 Parameters of rotary crane

J/kgm® K/(Nm-V™") 6,/ (°)
1.02 2.06 45.0
L/m L/m g/(m+s?)
0.65 0.30 9.81
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Tab. 2 Proposed controller gains

K,/kgm’ K, /kgm’ K,,/kgm’

1.00 1.00 0.30
K,/ (kgm’s) ™' K,/rad ™' &/kgm® (rad/s)
50.0 1.20 0.01
As™! A/sT Ay/s ™!
0.01 3.00 3.00
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Fig. 3 Frictional model
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Fig. 4 Effectiveness of disturbance observer for frictional effect
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Fig. 6 State feedback control system with integrator
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Fig. 5 Effectiveness of disturbance observer for load mass variance
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Tab. 3 Linear state feedback controller gains

k/s™? ky/s™? ky/s™! ks k/s™!

-65.9 37.9 -1.32 24.3 22.2
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Fig. 7 Comparative simulation results (6,,=45°)
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Fig. 8 Comparative simulation results (6,, =25°)
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Fig. 9 Comparative simulation results (6, =65°)

TEARE LSFC 14 55 f i $2 T 2 U H AR e A
E 04/ =25°%|] 04f =65°,ﬁﬁ3§%ﬁﬁ<ﬁﬂl§l 8 %H 9 Fﬁ‘ﬂf\‘ ,#
BB T HE T JLFME G ZE R, H L, &EE R
FE AR DA SR BT i g 42 1 ) A
3.5 ZWIEE

& 10 FroR (9 7 Gt b 3K 3l e i e i 18 3 i BT
HLSIHL, BT , e, fir 28 LA B2 0 i 422 £ 1) v 62 T 55 350
OIAE . A AR RT H G FE e A gk DU AT, HG A R Oy
PR 1.8 x10 772,

I A2 A A A5 SRS RGBT 11 o, I iR AR

Wzt

L OtHEgERD A

ALY B as

E 10 SCI RS
Fig. 10 Experimental system
Jr RS 6, RN 1 BETEREE o I e )
B 0, Wit 2 B eI 1 L IFE g it 1



136 W a5 &

2014 4E45 33 %

() TERE B o FRF 2 AR AL R [l SR ATt 2 (i
SERhER o BB 3 AR TRAT  FRAE 4 ARXT TR 3 A
STiEse . A4 FIUTE Maa i . HoAA B o e
6.4 %1070,

JieE

il

ES3
§§M¢3
w4

BLL RS B AL IS RS

Fig. 11 Sensor system for measuring load sway
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