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Development of Force Measuring System using Three-axis
Force Sensor for Measuring Two-finger Force

Zeo, 8 E Y A AU
(Hyeon-Min Kim', Jongwon Yoon', Hee-Suk Shin', and Gab-Soon Kim")
'Gyeongsang National University

Abstract: Stroke patients can’t use their hands because of the paralysis their fingers. Their fingers are recovered by rehabilitating
training, and the rehabilitating extent can be judged by measuring the pressing force to be contacted with two fingers (thumb and first
finger, thumb and middle finger, thumb and ring finger, thumb and little finger). But, at present, the grasping finger force of two-
finger can’t be accurately measured, because there is not a proper finger-force measuring system. Therefore, doctors can’t correctly
judge the rehabilitating extent. So, the finger-force measuring system which can measure the grasping force of two-finger must be
developed. In this paper, the finger-force measuring system with a three-axis force sensor which can measure the pressing force was
developed. The three-axis force sensor was designed and fabricated, and the force measuring device was designed and manufactured
using DSP (Digital Signal Processing). Also, the grasping force test of men was performed using the developed finger-force
measuring system, it was confirmed that the grasping forces of men were different according to grasping methods.

Keywords: three-axis force sensor, finger-force measuring system, finger rehabilitation, rehabilitating instrument
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Fig. 1. Measuring principle of two-finger grasping.
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Fig. 2. Structure of three-axis force sensor.

J
n
oo
i

O3 3. §3aAAS 93k s AR 2

Fig. 3. Mesh shape for FEM analysis.
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Fig. 4. Deformed shape under force Fx.
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Fig. 5. Deformed shape under force Fy.
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Fig. 6. Deformed shape under force Fz.
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Fig. 7. Attachment locations of strain gages on 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 three-axis force sensor.

91Aell41¢] FEM

Strain (um/m)

Sensor T C I C. -
Fx 702 -294 702 -294 1992
Fy 790 -330 790 -330 2240
Fz 730 -314 730 -314 2088
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Fig. 8. Manufactured 3-axis force sensor.
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Table 2. Rated output from FEM analysis and characteristic test of
each sensor of three-axis force sensor.

Ae] FEMBIA Axlel ExaEe] HAZ

Rated output (mV/V)
Sensor
FEM Exp. Error
Fx 1.0109 1.0680 5.6
Fy 1.1368 1.1624 2.3
Fz 1.0596 1.0792 1.9

E 3.3% JAlxe As At
Table 3. Interference error of each sensor of three-axis force sensor.

Sensor Interference error (%)

Force Fx Fy Fz
Fx=200N - 0.13 0.35
Fy=200N 0.62 -

Fz=200N 0.24 0.19 -0.31
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Fig. 9. Block diagram of high-speed measuring device.
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Fig. 10. Manufactured high-speed measuring device.
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Fig. 14. Characteristic test method of two-finger grasping (a) thumb
& side surface of first finger, (b) thumb & first finger, (c)
thumb & middle finger, (d) thumb & ring finger, (¢) thumb
& little finger.
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Table 4. Results of thumb & side surface of first finger force of the
hand on desk.
Right finger force(N) Left finger force(N)

Fx Fy Fz F Fx Fy Fz F
A 1 -83 7 84 -3 -81 9 82
B 2 -81 5 81 4 -81 10 81
C -7 -81 -2 81 0 -64 3 64

Avg. | -1 -82 3 82 0 -75 7 76

I 5 A Soll E5 SHFe dHelA ek A &
PKetel  Eohe ) A9 A
Table 5. Results of thumb & first finger force of the hand on desk.

Man Right finger force(N) Left finger force(N)
Fx Fy Fz F Fx Fy | Fz F
A 1 -61 3 61 3 -51 5 52
B -2 -51 2 51 1 43 | 10 | 44
C -1 -52 1 52 3 52 -5 52
Avg. | -1 -55 2 55 2 -49 3 49
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Table 6. Results of thumb & middle finger force of the hand on desk.

Man Right finger force(N) Left finger force(N)
Fx Fy Fz F Fx Fy Fz F
A 6 | 53 3 53 3 -51 2 51
B 3 50| 4 50 5 -50 | 18 54
C 4 | 53 -1 53 0 41 2 41
Avg. | 4 | 52 | -1 52 3 47 7 49
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Table 7. Results of thumb & ring finger force of the hand on desk.

Man Right finger force(N) Left finger force(N)
Fx Fy Fz F Fx Fy Fz F
A -1 41 5 42 2 -30 3 30
B -6 | 31 8 33 3 -37 6 37
C S5 129 ] -1 30 5 -29 3 30
Avg. | 4 | -34 4 35 3 -32 4 32
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Table 8. Results of thumb & little finger force of the hand on desk.

=3
)

Man Right finger force(N) Left finger force(N)
Fx Fy Fz F Fx Fy Fz F
A 2 | 2| - 22 -1 -15 0 15
B 4 | 25 2 25 2 23 3 23
C 321 2 21 6 21 1 22
Avg. | 3 | 23 1 23 2 -20 1 20
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