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Development of a New 6-DOF Parallel-type Motion Simulator

Han Sung Kim*

{ Abstract %

This paper presents the development of a new 6-DOF parallel-kinematic motion simulator. The moving platform
is connected to the fixed base by six P-S-U (Prismatic-Spherical-Universal) serial chains. Comparing with the well-
known Gough-Stewart platform-type motion simulator, it uses commercialized linear actuators mounted at the fixed
base whereas a 6-UPS manipulator uses telescopic linear ones. Therefore, the proposed motion simulator has the advan-
tages of easier fabrication and lower inertia over a 6-UPS counterpart. Furthermore, since most forces acting along
the legs are transmitted to the structure of linear actuators, smaller actuation forces are required. The inverse position
and Jacobian matrix are analyzed. In order to further increase workspace, inclined arrangement of universal joints
is introduced. The optimal design considering workspace and force transmission capability has been performed. The
prototype motion simulator and PC-based real-time controller have been developed. Finally, position control experi-

ment on the prototype has been performed.
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(a) vector-loop diagram (b) joint screws

Fig. 1 Kinematic structure of a P-S-U leg

(a) fixed base

(b) moving platform

Fig. 2 Top views of a 6-PSU parallel manipulator
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Table 1 Kinematic parameters of a 6-PSU manipulator

Parameters Values [mm)]
(> 1)) (404.5, 57.5)
(,, b) (200.0, 76.0)

Stroke (Ad) 400.0
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Fig. 3 Workspace with respect to !, and 6,
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Table 2 Specifications of linear actuators

Items Specifications
Linear actuator (THK) KR45H10B+640LP0O
AC Motor (Mitsubishi) HF-KP43B(400W)

Thrust [rated (max)]
Velocity [rated (max)]

816.8(2,386.6) [N]
500(1,000) [mm/sec)
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Table 3 Specifications of the 6-PSU simulator

Direction Velocity Acceleration
Linear(X, Y) +0.50m/s +6.5m/s”

Linear (Z) +0.47m/s +23.0m/s”
Angular(6, ,6,) +72deg/s +500deg/s
Angluar(6,) +176deg/s +2,750deg/s”
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