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A Novel 2-RRR/UPRR Robot Mechanism for Ankle Rehabilitation and Its Kinematics

BIAN Hui, LIU Yanhui, LIANG Zhichen, ZHAO Tieshi
(Yanshan University, Qinhuangdao 066004, China)

Abstract: Based on the analysis on the mechanisms of existing robots for ankle rehabilitation, a novel 2-RRR/UPRR par-
allel manipulator mechanism that can perform three rotations around the remote centre is presented. It meets the requirements
of ankle rehabilitation motions for eversion/inversion, dorsiflexion/plantarflexion, adduction/abduction. The principles that
the mechanism can always perform the above motions in its workspace are analyzed based on kinematic pair screw theory in
the form of vector, the mobility of the mechanism is calculated, and the rationality of selecting 3 rotation pairs connecting
with fixed platform as inputs is discussed. The forward and inverse kinematics of the mechanism are given based on spherical

trigonometry, and some numerical examples are presented. The workspace of the parallel mechanism is big enough for ankle

rehabilitation.
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Fig.1 The sketch of robot for ankle rehabilitation
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Tab.

# 1 2-RRR/UPRR 1 & % fift
1 The inverse position kinematics solution of
2-RRR/UPRR parallel mechanism (°)

o B Y 6, 6, 03

10 0 0 —11.7365 —7.5266  —32.9458
20 0 0 —26.1670 —10.6642 —51.9237
0 10 0 8.9430 —8.9430 0

0 25 0 31.7013 —31.7013 0

0 —40 0 —48.6038  48.6038 0

0 0 10 —14.7342 —15.3264 10.0000
0 0 20 —28.8382 —31.0112 20.0000

%2 2-RRR/UPRR f7 B IEfi#

Tab.2 The forward position kinematics solution of

2-RRR/UPRR parallel mechanism (°)

6

92 93 o B Y
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—26.1670 —10.6642 —51.9237 20.0003 0.0004 0.0003
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—14.7342 —15.3264 10 0 0 10
—28.8382 —31.0112 20 0 0 20
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