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The cableThe cable--car feed support configurationcar feed support configuration
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The cableThe cable--car feed support configuration includescar feed support configuration includes

1. The cable car(about 15m 15m 5m,  30 tons). The 
cable car is either self-driven through the driving cable 
or driven by the driving cable with motors on towers. 

2. Two sets of adjustable suspension cables(maximum 
length variation: about 70m) and driving cables 
(maximum length variation about 70m  for the self-
driven car, 170m for cable-driven car )

3. Four supporting towers for suspension cables and 
driving cables

4. Four passive pre-tension cables for stabilizing the cable 
car(maximum length varying: about 200m)
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Advances on the first supportAdvances on the first support

1. 1. The interactive 3D The interactive 3D kinematickinematic model is developed to model is developed to 
demonstrate the configurationdemonstrate the configuration



2. 2. The FEM analysis package is developed, The FEM analysis package is developed, 
the effect of prethe effect of pre--tension cable is assured by tension cable is assured by 
FEM computation.  FEM computation.  
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3. 3. A 5m A 5m 5m 5m 2.5m 2.5m kinematickinematic model setup.model setup.
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(1) The main control system and the CCD 
position measuring system for the cable car are 
finished and are now being integrated and 
adjusted.

(2) A system capable of controlling the 
velocities of 4 motors simultaneously is 
undertaken and will be integrated with the 
main control system. The Variable frequency 
technology for 3 phase asynchronous electrical 
motors is used.



(3) (3) TheThe QuasistaticQuasistatic models are developed for the models are developed for the 
driving law of two types of cable car and will be driving law of two types of cable car and will be 
tested on the tested on the kinematickinematic models.models.
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(4)  (4)  The timeThe time--varying analytical models are varying analytical models are 
also developed.also developed.
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Advances on the secondary supportAdvances on the secondary support

1. Experiment model

2. Control simulations



1.1. Experiment model(1:5):  Experiment model(1:5):  Mechanical design Mechanical design 
finished and equipment under purchasingfinished and equipment under purchasing
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2. 2. Control SimulationControl Simulation

The FEM model

(15m 15m 5m)

The stabilized platform

Cable car

Cables

Mass of car: 50111(kg)

mass of the stabilized 
platform : 5564(kg)

Natural freq. of the 
model Hz

0.28517,    0.28761, 
0.28882, 0.30642,  
0.66995,    0.67143



The actuatorsThe actuators
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Governing Equations
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control matrix
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By observing the partial or all the state response 

x1 of car, determine a control u(t), to suppress the 

response x2 of the stabilized platform to within the 

given tolerance:

Description of the control problem for Description of the control problem for 
stabilizing the platformstabilizing the platform

( ) δ≤tx2



A control law based on the finite difference A control law based on the finite difference 
predictionprediction
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Position prediction based on the finite Position prediction based on the finite 
differencedifference
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Table 1  The RMS responses of the car and the stabilized platform, 
Control updating duration 0.1 second

Table 2  The RMS responses of the car and the stabilized platform,
Control updating duration 0.2 second

The simulated control effectsThe simulated control effects

( ) ( ) ( )[ ]tztytxER AAAA
222 ++=The Point RMS response definition

RMS response of the car RMS response of the stabilized 
platform

Point A Point B Point C Point a Point b Point c

0.66m 0.50m 0.63m 0.0026m 0.0024m 0.0024m

RMS responses of the car RMS response of the stabilized 
platform

Point A Point B Point C Point a Point b Point c

0.64m 0.48m 0.61m 0.019m 0.017m 0.017m



(0.1m) Response of stabilized 
platform in X-direction

Response of car 
in X-direction



(0.1m)
Response of stabilized 
platform in Y-direction

Response of car 
in Y-direction



(m)

Response of stabilized 
platform in Z-direction

Response of car 
in Z-direction



1

SMIS1   
SMIS1   

SMIS1   

(10N)

Actuation force 
(Including static load)

The actuation force approaches static 
load when the platform stabilized

T
im

e histories of actuation forces



Stroke histories of the actuators
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Time histories of stroke velocities
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The simulations indicate: The simulations indicate: 

1. With an updating control duration of 0.1 second, the 

control law based on the finite difference position 

prediction  achieves positioning precision(4mm r.m.s.) for 

FAST.

2. The simulations are carried out on a model with 

dimensions and dynamic properties approaches those of 

FAST.  

3. The required maximum stroking velocity and stroking 

acceleration for actuators are 1m/s and 2.4m/s2

respectively. These requirements are within the 

performance of commercialized products(out of China) 



Further work aheadFurther work ahead

1. Kinematic experiments for the car driving 
control law on the physical model. The self-
propelling car and the cable-driven car will be 
tested.

2. Vibration experiments on the  model with 
dynamic similarities to study the performance of 
the cable-car configuration.  Possible wind-
induced instabilities and stabilizing methods.

3. Control experiments on the Stewart platform 
used as the secondary feed stabilizer.
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