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Development of Cylindrical-type Finger Force Measuring System Using
Two-axis Force/Moment Sensor and its Characteristic Evaluation
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Abstract: Some patients can’t use their hands because of inherent and acquired paralysis of their fingers. Their fingers can recover
with rehabilitative training, and the extent of rehabilitation can be judged by grasping a cylindrical-object with their fingers. At
present, the cylindrical-object used in hospitals is only a cylinder which cannot measure grasping force of the fingers. Therefore,
doctors must judge the extent of rehabilitation by watching patients’ fingers as they grasp the cylinder. A cylindrical-type finger force
measuring system which can measure the grasping force of patients’ fingers should be developed. This paper looks at the
development of a cylindrical-type finger force measuring system with two-axis force/moment sensor which can measure grasping
force. The two-axis force/moment sensor was designed and fabricated, and the high-speed force measuring device was designed and
manufactured by using DSP (digital signal processing). Also, cylindrical-type finger force measuring system was developed using the
developed two-axis force/moment sensor and the high-speed force measuring device, and the grasping force tests of men were
performed using the developed system. The tests confirm that the average finger forces of right and left hands for men were about

186N and 172N respectively.

Keywords: tow-axis force/moment sensor, interference error, rated output, finger rehabilitation, rehabilitating instrument, cylinder-

object prehension
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Fig. 1. Force measuring principle for gripping a cylinder-object.
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Fig. 2. Structure of two-axis force/moment sensor.
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Fig. 4. Deformed shape under force Fx.
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Fig. 6. Attachment locations of strain gages on sensing element of
two-axis force/moment sensor.
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Table 1. Strains from FEM analysis at each attachment location of
strain-gages of each sensor of 2-axis force/moment sensor.

Sensor Strain (um/m)
T C T, (&) £
Fx 524 -524 524 -524 2096
Mz 558 -558 558 -558 2232

2% 7. AR 2% FRAEANe) AR,
Fig. 7. Photograph of manufactured two-axis force/moment sensor.
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Table 2. Rated output from FEM analysis and characteristic test of
each sensor of tow-axis force/moment sensor.

Rated output (mV/V)
Sensor FEM Exp. Error
Fx 1.0637 1.0752 1.08
Mz 1.1327 1.1195 1.17

E 3.2% J/eHAENNSY AEzHd ek
Table 3. Interference error of each sensor of two-axis force/moment

SEensor.
Sensor Interference error (%)

F/M Fz Mx

Fz=300N - 0.82
Mx=5.0Nm 0.21 -
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Fig. 8. Block diagram of high-speed measuring device.
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Fig. 9. Photograph of manufactured high-speed measuring device.
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Fig. 11. Photograph of manufactured cylindrical-type finger force
measuring system.
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Fig. 13. Photograph of grasping method of cylindrical-object for test
using cylindrical-type finger force measuring system.
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Fig. 14. Photograph of characteristic test of cylindrical-object
grasping using cylindrical-type finger force measuring

system.
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Table 4. Result of characteristic test of cylindrical-object grasping
using cylindrical-type finger force measuring system.

Finger Thumb, . Thumb,

All finger fore-finger and | ring-finger and

middle finger little finger

Fz Mx Mx Mx
Mer o [ovmm) | M | Ny | Y| N
A 187 3 122 171 78 -105

R B 185 6 128 147 81 -114
C 184 -1 131 183 93 -123
Avg.| 186 3 127 167 84 -114
A 171 -3 110 156 63 -96

L B 173 1 109 144 67 -90
C 171 5 119 159 62 -87
Avg.| 172 1 113 153 64 91
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