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Study on a Propulsion Control of the Roller Coasters Train based on
Air Cored Linear Synchronous Motor
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Abstract To accelerate a heavy roller coaster train with over 1G force, a lot of thrust is required and linear
synchronous motor(LSM) as propulsion method is suitable for this kind of system. To increase the propulsion
efficiency of LSM, precise and real-time position information of vehicle is required for accurate phase control.
However, the discontinuous position information with relatively long time interval is usually transmitted from the
hall-sensors on the track every magnet length.

In this paper, the basic motor model based on traditional dq-axis equations is described and the motor dynamic model
is produced by considering the cogging force and friction loss. To improve the position accuracy, the position
estimator is also proposed for LSM control system. Simulations were performed to check the characteristics of the
torque control system which includes the position estimator based on the motor model. Simulation results based on
the linearized model show that this control system has an enough bandwidth and phase margin and the executed
algorithm achieves an ideal effect to follow the real-time position signal. Therefore, the feasibility of position
estimator is also confirmed.

Keywords : Academia-Industrial Linear Synchronous Motor(LSM), Roller coaster train, Propulsion System, Position
Estimator, Hall-sensors
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Fig. 1. Propulsion system used for roller coaster
(a) Propulsion system type (b) Production

companies

Table 1. Roller coasters using LSM

Name Maker Max. Speed

Atlantis (in Korea) IntaminAG 75[km/h]
Superman the Escape IntaminAG 161[km/h]
Battlestar Galactica Vekoma 90[km/h]
I-Speed IntaminAG 120[km/h]
Rock'n Rollercoaster Vekoma 97[km/h]
Manta Mack Rides 69[km/h]
Cheetah Hunt IntaminAG 97[km/h]
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Table 2. Design Specification for the roller coaster

Parameter Value Parameter Value
Max. Speed 10 [m/s] Vehicle Weight 20 [kg]
Acceleration Over 1 G.F. Stator Length 10 [m]

M= 20kg

wol

Air cored coil

1G,10m/s

p——

Fig. 5. The design concept of the miniature roller coaster
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Fig. 6. Design of flat double-sided PM LSM

Table 3. Design Specification for PM LSM

Parameter Value Parameter Value
Number of Pole 4 Number of phase 3
Air-gap(g) 8mm Number of turn 80

Coil thickness(hc) 10mm Magnet thickness 10mm

Yoke thickness(/;) 15mm DC link voltage 300V
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Fig. 7. Block diagram of current controller
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Table 4. Parameters of the dynamic model used in

simulation
Parameter Value Parameter Value
R, 0.11 [Q] Sf,. 10 [N]
L, Lq 1.1 [mH] K, 10 [s/m]
p 4 V}, 3 [Ns/m]
T 0.042 [m] G, 30 [N]
M 20 [kg] K, 0.1129 [N/A]
o, 0.0252 [wb] T 5 [m]

Prass (deg)

<

10 10° 10° 10° 10° 10°

Fig. 10. Bode plot for torque PI controller with position
estimator
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