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Development of Multi-Axis Force/Moment Sensor for
Stroke Patient’s Hand Fixing System Control

H. M. Kim!, J. W. Kim?, and G. S Kim!-*

Abstract

Stroke patients should exercise for the rehabilitation of their fingers, because they can’t use their hand and fingers. Their hand and

fingers are fixed on the hand fixing system for rehabilitation exercise of them. But the hands clenched the fist of stroke patients are

difficult to fix on it. In order to fix the hands and fingers, their palms are pressed with pressing bars and are controlled by reference force.

The fixing system must have a five-axis force/moment sensor to force control. In this paper, the five-axis force/moment sensor was

developed for the hand fixing system of finger-rehabilitation exercising system. The structure of the five-axis force/moment sensor was

modeled, and designed using finite element method(FEM). And it was fabricated with strain-gages, then, its characteristic test was carried

out. As a result, the maximum interference error is less than 2.43 %.
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Fig. 1. Principle of the applied forces and moments to five-axis
force/moment sensor in hand fixing system.
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Fig. 2. Structure of five-axis force/moment sensor.
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Fig. 3. Mesh shape for FEM analysis.

e

(a)Under force Fx (b)Under force Fy
(c)Under force Fz (d)Under moment Mx

(e)Under moment Mz

Fig. 4. Deformed shape under forces and moments.

Table 1. Strains from FEM analysis at each attachment
location of strain-gages of each sensor of five-axis
force/moment sensor

Strain(um/m)
Sensor
Tl Cl T2 C2 s
Fx 300 219 219 -300 1038
Fy 266 -266 266 -266 1064
Fz 263 -263 263 -263 1052
Mx 262 -262 262 -262 1048

Mz 262 -262 262 -262 1048
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Fig. 5. Attachment locations of strain gages on each sensing element
of five-axis force/moment sensor.

Fig. 6. Manufactured five-axis force/moment sensor.
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Fig. 7. Photograph of characteristic test of five-axis force/moment
sensor using the calibration system of multi-axis force/moment
Sensor.
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Table 2. Rated output from FEM analysis and
characteristic test of each sensor of five-axis

force/moment sensor
Rated output(mV/V)
Sensor
FEM Exp. Error(%)
Fx 0.5267 0.4939 6.23
Fy 0.5399 0.5258 2.61
Fz 0.5338 0.5319 0.36
Mx 0.5318 0.5547 -4.31
Mz 0.5318 0.5142 331
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Table 3. Interference error of each sensor of five-axis
force/moment sensor

Sensor Interference error(%)

FM Fx Fy Fz Mx Mz
Fx=150N - 0.58 0.37 0.37 2.53
Fy=150N 027 - 0.09 1.16 0.15
Fz=150N  0.35 0.72 - 0.87 0.51

Mx=4Nm 0.09 0.69
Mz=2Nm 0.75 0.21 0.29
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