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Tracking and Anti-sway Control for Double-pendulum Rotary Cranes Using
Novel Sliding Mode Algorithm

OUYANG Hui-Min* WANG Jian® ZHANG Guang-Ming? MEI Lei' DENG Xin*

Abstract
precision tracking control and double-pendulum load sway suppression. Unlike the traditional linear sliding surface, the

This paper proposes a novel sliding mode controller with nonlinear sliding surface for achieving both high-

nonlinear one can change the damping ratio of the closed-loop system from its initial low value to final high value. The low
value can provide a quick response whereas the high one can eliminate overshoot to make boom track the given trajectory
more precisely. The stability of the whole system is proven by the Lyapunov technique. Comparative simulations indicate
that the tracking error for vertical and horizontal boom motions can be reduced about 40 % and 52 %, respectively, the

double-pendulum load sways can be suppressed as well.
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Fig.1 Dynamic model of double-pendulum rotary crane
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Fig.2 Control system with a disturbance observer
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Table 1 Parameters of crane system
Mo (kg) my (kg) ma2 (kg) L (m) l1 (m l2 (m) Js (kgm?) Jo (kgm?) g (m/s?)
0.86 2.00 0.56 0.65 0.50 0.20 0.52 0.52 9.80
#2 BKTRARMESH
Table 2 Parameters of controller in vertical subsystem
Iy Py Ky Ql Ai1
NLSS diag{1.0,1.0,0.5} diag{1.0,1.0,1.4} diag{0.5,0.5,0.8} diag{1.0,1.0,1.5} diag{1.2,1.5,0.7}
LSS diag{1.0,1.0,0.5} diag{1.0,1.0,1.4} diag{0.5,0.5,0.8} diag{1.0,1.0,1.5}
x 3 EETREERZRSEH
Table 3 Parameters of controller in horizontal subsystem
Fz P2 K2 Q2 )\i2
NLSS diag{1.0,1.0, 1.5} diag{1.0,1.0,1.4} diag{0.5,0.5,0.9} diag{1.0,1.0,1.4} diag{1.2,1.5,0.8}
LSS diag{1.0,1.0,1.5} diag{1.0,1.0,1.4} diag{0.5,0.5,0.9} diag{1.0,1.0,1.4}
F4 ERIHN (l2=0.1m)
Table 4 Quantitative analysis (I = 0.1m)
AR A RE e iR 2 FRIEH R R R
€5 max (deg) €6 max (deg) 01 max (deg) 02 max (deg) 03 max (deg) 04 max (deg)
NLSS 1.21 1.91 2.91 2.75 3.15 3.21
LSS 1.68 2.91 2.77 2.81 3.11 3.18
£5 ERESH (la=0.2m)
Table 5 Quantitative analysis (Io = 0.2m)
RER A RZE B RTERe iR 2E IR R R R
€5 max (deg) €6 max (deg) 01 max (deg) 02 max (deg) 05 max (deg) 04 max (deg)
NLSS 1.21 1.81 3.03 2.94 3.69 4.21
LSS 1.61 2.81 2.79 2.83 3.41 4.11
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#£6 ERSHT (l2 =0.3m)
Table 6 Quantitative analysis (l2 = 0.3m)
BAGEIRARE IR BER iR s KIEA ETNE L ETNE L KB
€5 max (deg) €6 max (deg) 01 max (deg) 02 max (deg) 03 max (deg) 04 max (deg)
NLSS 1.41 1.99 2.93 2.94 2.93 5.22
LSS 1.81 2.99 2.52 2.92 4.27 5.02
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