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Wrist Bending-Exercise Rehabilitation Robot
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Abstract

Most serious stroke patients have the paralysis of their wrists, and can't use of their hands freely. But their wrists can be recovered by
rehabilitation exercise. Recently, professional rehabilitation therapeutists exercise the wrists of stroke patients in hospital. But the wrists of
stroke patients have not rehabilitated, because the therapeutists are much less than stroke patients in number. Therefore, the wrist bending-
exercise rehabilitation robot that can measure the bending force of the patients' wrists is developed. In this paper, the three-axis force
sensor was designed for the wrist bending-exercise rehabilitation robot. As a test results, the interference error of the three-axis force

sensor was less than 0.85%. It is thought that the sensor can be used to measure the wrist bending force of the patient.
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Fig. 1. Force measuring principle for wrist bending-exercise
rehabilitation robot; (a) Schematic diagram of robot and (b)
three-axis force sensor.
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Fig. 3.

© (d)

Deformed shape of the sensing element of each sensor
under each rated force; (a) Mesh shape, (b) Applied force
Fx, (c) Applied force Fy, and (d) Applied force Fz.
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Fig. 4.

©

Strain distribution on each beam under each rated force; (a)
Two beams under rated force Fx, (b) Two beams under
rated force Fy, and (c) Two beams under rated force Fz.
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Fig. 5. Attachment locations of strain gages on each sensing
element of three-axis force sensor.
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Table 1. Strains from FEM analysis at each attachment
location of strain-gages of each sensor of three-
axis force sensor

Sensor Strain (#m/m)
T G 7 G 3
Fx 168 -168 343 -343 1022
Fy 172 -172 343 -343 1030
Fz 168 -168 341 -341 1018
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Fig. 6. Manufactured three3-axis force sensor.

J. Sensor Sci. & Tech. Vol 22, No. 2, 2013



[28] Gab-Soon Kim

Table 2. Rated output from FEM analysis and
characteristic test of each sensor of three-axis
force sensor

Sensor Rated output (mV/V)
FEM Exp. Error (%)
Fx 0.51866 0.49872 3.85
Fy 0.52273 0.52321 0.09
Fz 0.51664 0.49366 4.45

Table 3. Interference error of each sensor of three-axis
force sensor

Sensor Interference error (%)
Force Fx Fy Fz
Fx =100N - 0.47 0.62
Fy =100N 0.85 - 0.19

Fz=100N 0.21 0.09 -

Table 4. Repeatability error and non-linearity error of the
three-axis force sensor

Error (%) Three-axis force sensor
Fx sensor Fy sensor Fz sensor
Repeatability 0.02 0.01 0.02
Non-linearity 0.02 0.01 0.01
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R = ES S EIe A

j==

J. Sensor Sci. & Tech. Vol. 22, No. 2, 2013 -122-

Fx, (c) Applied force Fy, and (d) Applied force Fz.
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