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SWINGFREE TRANSPORT OF SUSPENDED LOADS 

1. INTRODUCTION 

Transportation of large objects using traditional bridge crane can induce pendulum motion 
(swing) of the object. In environments such as factory the energy contained in the 
swinging mass can be large and therefore attempts to move the mass onto target while still 
swinging can cause considerable damage. Oscillations must be damped or allowed to 
decay before the next process can take place. Stopping the swing can be accomplished by 
moving the bridge in a manner to counteract the swing which sometimes can be done by 
skilled operator, or by waiting for the swing to damp sufficiently that the object can be 
moved to the target without risk of damage. 

One of the methods that can be utilized for oscillation suppression is input preshaping. The 
validity of this method depends on the exact knowledge of the system dynamics. This 
method can be modified to provide some degrees of robustness with respect to unknown 
dynamics but at the cost of the speed of transient response. 

In this research we investigate and develop a controller using modern control theory to 
achieve oscillation damped movement of the suspended loads. The system contains 
uncertiin parameters such as pendulum length and damping factor, and the sensor . 
dynamics. The sensor is used to measure the angle of displacement of the pendulum. It is 
assumed that the uncertain parameters vary within known bounds. The controller is 
designed to ensure that the following characteristics are achieved: 

(a) The overall system is stable. 
(b) Oscillations die quickly. 
(c) The control input is smooth enough. 

The controller to be designed utilizes the states of the system and those states must be 
made available to generate the control input. Only one of those states is available through 
the measurement of the angle of displacement of the pendulum. The other staes-are made -' 
available by designing an observer. So the task includes designing a controller and an 
observer. The performance of the system will deteriorate when an observer is added'to the 
controller. We ensure that the system with controller-observer combined is stable. The 
gain matrices of the controller and the observer are found by using the pole placement 
technique. 

The control algorithm developed in this research is tested through computer simulations 
using different parameter values. It is found that the derived controller holds the promise 
of achieveing robustness to variations in system and snsor dynamics and produce damped 
oscillations within sufficiently small duration. It is also found that the system response at 
different parameter values within the specified range is superior when compared against 
that of fiom classical control method. 



In section 2 the system under investigation is described. The methodology utilized in 
developing the control algorithm and computer simulation of the overall system is given in 
details in section 3. AU the simulation results and the computer program developed are 
shown in the appendix. 

2. SYSTEM DESCRIPTION 

The transfer function of the plant is described as follows: 

k(b3s3 + b2s2 +b,s) 
a$ +a4s4 +ais3 +a2s2 +a,s+a,, 

F= 

where the coeffiecients a's and b's are hnctions of pendulum length (l), pedulum damping 
(d), and sensor natural frequencies (Wnl and wd) .  

The uncertain parameters can vary within the following known bounds: 

80 I I 5 6 0 3  
0.6 I d I 0.1 
4.2 I wn, I2.8Hz 
1.536 I wn2 I1.024Hz 

The above transfer function includes the vector drive to move the crane, sensor dynamics 
and the dynamics of the pendulum. The objective is to design a suitable controller to 
produce swing-free movements of the pendulum. 

3. METHODOLOGY 

The complete task is divided into two phases such as i) Designing the controller and 
observer, ii) Testing the controller and observer connected to the system through 
computer simulations. 

DESIGN: 

The design steps are summarized as follows: 

The nominal values for the uncertain parameters are determined and then the nominal 
system matrices (&B,C and D matrices) are obtained. 

-- . . 
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' combined. 

The uncertain matrices are determined. 
The controller gain matrices are selected using pole placement technique. 
Observer system matrices are found from the plant nominal matrices and utilizing pole 
placement technique. 
The control input is derived next. 
The overall dynamics are determined with controller only and with controller-observer 

COMPUTER SIMULATION 

The following paragraph describes the steps taken to veri@ the algorithm through 
compute; simulation. 

0 

- 
MATLAB s o h a r e  package is used for system simulation. 
Command input is generated that is being used as an input signal (test signal). 
The system is simulated with controller only, the sytem performances are observed and 
plots are obtained. 
The system is simulated with controller-observer combined, the performances are 
observed and plots are obtained. 
The control input and the pedulum states, especially the pendulum position, are 
generated at different parameter values using trapezoidal rule for integration. 

4. DISCUSSIONS 

The primary purpose of the project is to design a controller which is capable of 
generating smooth control input signal for the plant to prduce swing-fiee motion of the 
suspended object driven by overhaed crane. The controller designed for this purpose has 
resulted in an overall system whose performance is very satisfactory even when the 
uncertain parameters of the plant are at thi  worst situation. The controller needs the 
system states to generate control signals and to make those states available an observer is - '. 
also necessary. This research develops an observer for the system also. It is noticed that 
the inclusion of the observer in the system deteriorates the overall pedomance. The 
performance of the system with controller-observer combined is still superior compared to 
other methods. The overall result of this investigation is very satisfactory. This control 
algorithm is verified via computer simulation. This algorithm can be tested in real system 
inRPSD. 

The system performance deteriorates i.e. it takes longer time for the oscillation to dampen 
if the length of the pendulum is increased or the sensor natural frequency Wnl is 
increased or the sensor natural frequency w d  is decreased. This can be seen from the 
plots for pendulum position. It is also noticed that as long as the uncertain parameters lie 
within the assumed bounds the oscillation dies within 50 seconds in the worst case. 
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Figure 1: With Controller only 
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Figure 2: With Controller-Observer combined 
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Figure 3: With Controller only 
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Figure 4: With Controller-Observer combined 
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Figure 5: With Controller-Observer combined 
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Figure 6: With Controller-Observer combined 
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iu = 1; 
end 

iu = 0; 
else 

end 

cominp = [cominp iul; 
out [out ~ p ~ ~ * x z ( : , j ~ t d p * ~ u x z ~ ~ ~ + ~ ~ ~ ~ ~  

end 

else 

% Simulation with controller only 

u = 0; iu = 0; cominp = 0; 
x = [ O  0 0 0 1 ' ;  
i = 1: 
G = -kc*x(:,j)*; 
out = cp+x(:,j)tdp*(u+iu); 

for t = dt:dt:tmax 

j = jtl; 

ul = -kc*x(:,j); 
u = [u ull; 

% generate conunand input 

if t < 1.5 
if t < 0.5 

elseif t > 1 

else 

end 

iu = 0: 

iu = iut2*dt; 

iu = i~-2*dt; 

iu = 1; 

else 

end 

end i 
% plot 

t = 0:dt:tmax; 

subplot(221). 
plot(t,out(:)), title('pendu1um position ' )  
subplot(222). I 

plot(t,u(:)), title('contro1 input') 
subplot (2231, 
olot(t,cominD(:)), titl&('command inpu 
subpiot(224); 
plot(t,x(l, : I  ,t,x(2, : I  rt,x(3r : I  I tex(4, 
xlabel('1ength = 60 ft, damping = 0.5' 

' )  

) ) ,  title('states xl.x2,x3,x4'), 

end 
print outp162 -dps 


