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Positioning andanti-swings control for 5-DOF tower cranes
with accurate mass estimation

LIU Can, HOU Chuanjing, LI Zhi

( School of Information and Electrical Engineering, Shandong Jianzhu University, Jinan 250101, Shandong, China )

Abstract: Due to the underactuated, nonlinear, high coupling characteristics and parameter uncertainties of tower cranes, it leads to a
challenging problem for their positioning and anti-swings control. To effectively achieve precise positioning of the trolley, jib and cable as
well as payload swing suppression, an adaptive integral sliding mode control scheme is proposed based on a five degrees of freedom (5-
DOF) tower crane model with time-varying cable lengths without linearization processing. Firstly, an integral sliding mode surface is
designed based on the error values of the state variables, which can suppress the payload swings effectively and eliminate the steady state
errors to achieve accurate positioning. Then, a sliding mode convergence law is designed, which can improve the convergence rate and
solve the chattering problem. Finally, the adaptive schemes are designed to counteract the effect of unknown frictions and estimate the
uncertain payload mass accurately, eliminating the positioning errors in the vertical direction. The stability of the closed-loop system is
demonstrated through rigorous theoretical analysis. Simulation results demonstrate the excellent control performances and robustness of the
proposed method.
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Fig. 1 Schematic diagram of the 5-DOF tower crane model
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Tab. 1 Definitions of tower crane system parameters and variables

5 X Hf
M,m AN AR T kg
J i kg - m’
% INEAF m
Y R e A R *)
l EE AN m
©,0 B RRAR ) YD 1] 42 8y ) (*)
F, INFEBR B N
F RS Nem
F L AR BN Sy N
P ANEBEHE ) N
F, BT N-m
Fy LBPEEE ) N

(M + m)x — mlsin 8y + msin @cos 6] +
mlcos @cos B¢ — mlsin @sin 660 —

(Mx + mx + mlsin @cos 6)y* -
mlsin @cos 94)2 — mlsin @cos 06" - 2mlcos 070 +
2mcos @cos 0gol — 2msin @sin 001 - 2msin H’yl -

2mlcos gsin O0pf = F - F, (1)
- mlsin 0% + (Mx® + mx” + ml’sin°6 +
2maxlsin @cos 8 + ml’sin*@cos’d + J)y +

mxsin 0 — ml*cos @sin Hcos Op +
(mlxcos 0 + ml’sin @)@ — mixsin 06" +
ml’sin @sin Ocos 0¢2 + 2(Mx + mx +

mlsin @cos 0)xy + (2mxcos 6 + 2mlsin go)@l +

(2masin @cos 0 + 2mlsin’6 +

2mlsin’pcos’0) yl — 2mlcos gsin fcos gl +
(2maxlcos @cos 6 + 2ml’sin @cos gocos@)‘jléo +
dml’cos @sin’0pf + (2ml*cos’@sin fcos 6 —

2mxlsin @sin 9)y0 =F, -F, (2)

msin @cos 0% + mxasin 8y + ml — mlcos’ 8" —

(mlcos’@sin’@ + misin’@ + masin @cos 6)y* -
ml& + 2msin Oxy + 2mlsin fcos @cos H'yqo -

2mlsin ga’y@ — mgcos fcos ¢ = F, - F, (3)
mlcos @cos 6% — ml’sin Bcos Ocos @y +

ml*cos’0¢p — (mxlcos @cos 0 +

ml’cos’@sin @cos @)y’ + 2mlc0529¢i -

2mlsin Ocos @cos H‘yl - 2ml’cos Bsin 0@9 -
2ml*cos’fcos go'y& + mglcos Osin ¢ =0 (4)
— misin @sin @i + (xmlcos 6 + ml’sin @) +
(malsin Bsin @ — ml*sin Bcos Bcos @)y +

ml’sin fcos 0¢2 + 2ml6l + 2mlcos Oxy +

2mlsin ga'yl + 2ml*cos’fcos ga'ygo +

ml*® + mglsin fcos ¢ = 0 (5)
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sliding mode controller
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Tab.2 Simulation parameters and control objectives

SR H bR HfE
M =3.5kg, m=1kg

HAEZH
J=68kg-m’, g=98m/s
0<1t<20s, x4(t) = 1m, y,(t) = 45°,
. . ly(8) =2m, @,(¢) =0°,0,(t) =0,
e pg o0 T2 el i

20<t<40s, x,(t) =0.5m, y,(1) = 20°,
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Tab.3  Controller parameters
Pl Iy s ity S5
A = diag(0. 4,0.35,0.65,6,5),6 = 0.35,0 = diag(1,1,1)
Proposed @ = diag(0.8,0.72,0.3,0.1,0.1), K = diag(1.2,1.2,1.5,0.1,0. 1)
B = diag(0.8,0.8,25,3,3)
SMC pm = diag(0.58,0.6,0.55,6,6), ¥ = diag(4,4,4,1,1)
ky = 74.16,k, = 18.99 k; =—-32.6,k, = 4.48 ks = 72.8ks = 22.43,
LR ky =-29.82 ks = 2.31,k = 70.71,k, = 10. 19
x4 F1HERESMEMETNIER
Tab.4 Numerical evaluation indices of control performance in the first stage
Pl I ik Ax/m Ay/(°) Al/m P/ (%) B/ ()
Proposed 0 0 0 -2.35 -1.45
SMC 0. 004 0.12 0. 004 -6.34 -2.67
LQR 0.003 0.08 0. 002 -7.08 -3.05
Py i 1,/s Ly/s 1/s @i/ (%) 0,0/ (%)
Proposed 6. 67 6.03 7.51 -0. 007 -0.002
SMC 10.76 10. 63 11.89 0.92 -0.73
LQR 10. 42 10. 74 10. 11 0.35 -0.39
—— Proposed SMC --- LR Wk 3 ras, BT LB B W, B iR A T
o N SMC il LQR 7 1%, R85 T 014 A0 0 ) 61 A 30 4
?(231_ _5;_&1__ 15 0 % 0 35 40 4 ML S5 AT IR, Brae B A9 i 5 ik B T AER
v f— A (A RS IS 22 AR B AR T LQR ik 565 1
B B T R S TR B B S BAR B B KA, 1 6, A3 BIBUNT 6. 8% A
A rne 52. 5% MR T SMC Jr 2k, 55 2 B B 03k 00 401 0
- ”IE)" s ] ORF T/ B RIZREE) S1 D T 2,92 5,4.29 s il
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< 'v’p‘ﬁf SR ¥, 13 — PIAS Hh 4598 B3 Hh 00 D7 V5 AR AT LA Y A 4 o) 7 1% A
I R TR R R E AN RE R 0L 3 JRE 3 Sl 40 o) 25 5 T R B S AL S

t/s
B3 =HMENTESR

Fig.3  Simulation results of control performance
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Tab.5 Numerical evaluation indices of control performance in the second stage
Tk Ax/m Ay/(°) Al/m P/ (%) O’ (%)
Proposed 0. 001 0 0 1.48 -1.65
SMC 0.011 0.03 0.001 2.59 -3.62
LQR 0. 005 0.04 0 2.81 -3.44
P Iy L/s L,/s u/s @i/ (%) 0,0/ (%)
Proposed 28.02 26.70 29.05 0. 004 -0. 001
SMC 30.94 30.99 31.02 0.39 -0.62
LQR 30. 46 30. 31 29.57 0.11 -0.14
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Fig. 4  Simulation results of chattering suppression
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Fig.5 Simulation results of payload mass estimation
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Fig. 6 Simulation results of robustness
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