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Development of a 6DOF Motion Platform for the Tilting Train Simulator
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Abstract

This paper presents a development of 6DOF motion platform for a tilting train simulator. The tilting train simulator
will be used to verify the tilting electronics and tilting control algorithm which are to be applied the Korean 180km/h
tilting train. The tilting train simulator is composed of a 6-axis motion platform, a track generation system, a graphic
user mterface, and a visualization system with 1600mm-diameter dome screen. In this study, the 6DOF motion platform
for a tilting train simulator has been designed and manufactured. The motion platform developed is a motion platform
of Stewart type. The inverse kinematic analysis has been performed to determine the length of the links of the
platform. Furthermore, the specification of the motors have been evaluated by the equation of motion of the platform.
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Fig. 2. Graphic user interface of the tilting simulator.
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Fig. 3. Vision ranges of the dome screen visual system.

Fig. 1. Schematic diagram of the tilting simulator.



Fig. 4. Environment model for the tilting simulator.
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Mass moment of inertia
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Table 1. Motion ranges of the tilting simulator.

2ol ] m oy 5 = P

d 5
Surge < +200mn < +£500mm/s < +57g
Sway < +200mm < +500mm/s < +5%%
Heave < *180mm < +500mm/s <5
Roll < +18deg < +40deg/s <500deg/s®
Pitch < +18deg < +40deg/s < 500deg/s?
Yaw < +20deg < +40deg/s < 500deg/s?
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Fig. 6. 6DOF stewart platform.
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Table 2. Coordinate system of the base plate.
Bi X Y Z
Bl R ,cos(2 ) R,sin(2 7) 0
B2 R,cosQa+38) R,sin(2a+38) | 0
B3 R,cosQa+28) R,sinQa+28) | 0
B4 Rycos(a+28) R,sin(a+28 ) 0
BS R,cos(a+p8) R,sin(e+ ) 0
B6 Rycos(f) R,sin(8 ) 0

Table 3. Coordinate system of the moving plate.
P; X y z
Pl Rycos@Q =5 —a) Rsin@ n+5~a) |z
P2 R,cos(3ar+2,8+?”—a) R,,sin(30+23+—§—a) zc
P3 Rpcos(2a+2[3+—g‘—a) Rpsin(2a+2,8+—§—a) zc
P4 | R,cosQa+ B+§”—a) R ,sin(a+ B+?ﬂ—a) zc
P5 R,,cos(a+ﬂ+—§—a) R,,sin(a+,8+—§—a) zc
P6 R ,cos(a+ —g —a) R sinte+-ZL —a) zc
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7= cos ($)cos (¢

7= sin(¢)sin (8 cos (¢) + cos (#)sin(¢)
n3=— cos(#)sin(8)cos (¢ + sin(¢)sin{¢)
01=— cos(dp)sin(¢)

0,=—sin{¢)sin(sin (¢ + cos ($)cos (¢) )]
03= cos ($)sin () sin (¢) + sin (H)cos (¢)
a,=sin(6)

ay,=— sin(¢)cos ()
a3= cos(¢)cos(6)
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Fig. 7. The displaced coordinate system.



Table 4. Motion range for each actuator cylinder. (unit : mm)
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Roll | +18& 775 | 627 | 148
627 | 627|635|693 693|635

746 | 746 72917791779 | 729
Pitch | 18 779 | 621 | 158
660 | 660 | 656|621 621|656
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Yaw | £22° 787 | 617 | 170
617 | 6171617 617|617|617

+200 | 828 | 828 836|734 | 734|836
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Fig. 9. Joint and actuator of the motion platform.
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Table 5. Specification of the selected motor.

&4 2Y 84
LE|8-eF BHE >
183 © RPM (N-m) | (10* kgm?)
A2 2000 3.57
750 W - 2.82
e 3000 10.7

(a) Load casel (b) Load case?

Fig. 10. Stress distribution of the cylinder 2.

aEe

Fig. 11. motion control procedure.



Fig. 12. The developed tilting simulator and motion platform.
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