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Parallel Real-Time Dynamics Computation and
H_, Acceleration Feedback Control
of Parallel Manipulators for Acceleration Display

Yoshihiko Nakamura*', Katsu Yamane*!, Masafumi Okada*! and Noriaki Komine*?

In this paper, we propose a control scheme of parallel manipulators focusing on the accuracy of acceleration on

the endplate, which is an important factor when parallel manipulators are used as acceleration displays. We use two

controllers — dynamic controller to achieve accuracy of position and to stabilize the system, and Hosocontroller to

feedback the acceleration measured on the endplate. The main problem of dynamic control is computational com-

plexity. In order to reduce computation time for inverse dynamics, parallel processing method called multi—thread

programming is applied. Hoccontroller is added outside the closed loop of dynamic control to remove the vibration

due to the elasticity of the links and the influence of modeling errors in the dynamic controller.

Key Words: Parallel Manipulator, Dynamics Computation, Parallel Computation, Ho Control, Acceleration Dis-
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Fig.1 Parallel mechanism with rotational/spherical joints
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Table 1 Computation time for each step

step | time ‘ remarks
(1) forward kinematics | 0.92 [msec]
(2) inverse dynamics 2.58 [msec] | 0.43 [msec] X 6
(3) torque transform 0.19 [msec]
subtotal (1) 3.69 [msec] | for dynamic control
(4) read counter 0.60 [msec] | 6 channels
(5) output torque 0.30 [msec] | 6 channels
subtotal (2) 0.90 [msec] | for I/O
total [ 4.59 [msec] |
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Table 2 Comparison of computation time between parallel and

serial computations

with /O | without 1/O
serial | 4.59 [msec] | 3.69 [msec]
parallel | 1.92 [msec] | 1.02 [msec]
gain 0.42 0.28
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Baseplate

Joint#1 <&
(Actuated)

Fig.5 Leg of the Parallel Manipulator

Fig.6 Parallel Manipulator

Table 3 Dynamic parameters of the leg

Link Mass Inertia (kg - m?)

[kg] Ioa ‘ Tyy ‘ 122

1 6.90 0.153 0.146 0.0123

2 3.79 0.00938 | 0.00398 | 0.0114

3 8.35 0.526 0.525 0.0101

4 5.10 0.0197 | 0.00480 | 0.0171

5 3.79 0.0152 0.00788 | 0.0133
Endplate || 30.0 1.14 1.14 2.28
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Fig. 11 Acceleration measured on the endplate in vertical mo-
tion
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Fig.14 Measured acceleration in vertical motion with feedback
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