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Design of Six-Axis Force/Moment Sensor for Ankle-Rehabilitation Robot
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Abstract: Most serious patients who have the paralysis of their ankles can’t use of their feet freely. But their ankles can be recovered
by an ankle bending rehabilitation exercise and a ankle rotating rehabilitation exercise. Recently, the professional rehabilitation
therapeutists are much less than stroke patients in number. Therefore, the ankle-rehabilitation robot should be developed. The
developed robot can be dangerous because it can’t measure the applied bending force and twisting moment of the patients’ ankles. In
this paper, the six-axis force/moment sensor for the ankle-rehabilitation robot was specially designed the weight of foot and the
applied force to foot in rehabilitation exercise. As a test results, the interference error of the six-axis force/moment sensor was less
than 2.51%. It is thought that the sensor can be used to measure the bending force and twisting moment of the patients’ ankles in

rehabilitation exercise.
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(b) Robot for the ankle rotating exercise.
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Fig. 1. Force measuring principle for ankle-rehabilitation robot.

S s
S
o] 33 xul
1A= &

Fl AlA

s A4Sk
2G4 AL,
2hgsHA] o
AF2°] 2
o= g

A neE

My), FE5-2 3447 dEMyS et Tejne w

BAgese] FAEE 6% WRASANE 99
A= Yo BAEES eistel 2} AMe] 3483 A3

shok g,
23te] WAl FFo
%
EE 45k 6% 9

2. 65 E/ZHEMAS| T

A7 2 A
e EEIAAER T BEEYALREA
J/EHE EL

a9 2 6% F/EANEAMS] T2 Yeh)a
2 @ Fx, Fy, Fz9} 2RIE Mx, My, MzZ 5419

&,
ful
@
X
rlr
o‘10
(ia:
oot
kg
oz
(m
2
i)
A
E
=

[e]

M}‘
EYGE

FPFBE

[
I | [ I | I
Il L8l + gl | | I =
= I =1

9 2. 6% RHAEAAMS] 2,
Fig. 2. Structure of six-axis force/moment sensor.
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(b) Applied force Fx. (c) Applied force Fy.
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(d) Applied force Fz. (e) Applied moment Mx.
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(f) Applied moment My. (e) Applied moment Mz.
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Fig. 3. Deformed shape of the sensing element of each sensor under
each rated force.
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Fig. 5. Attachment locations of strain gages on each sensing element
of six-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 six-axis force/moment sensor.

Strain (um/m)
T, C 7 G E | Error (%)
Fx 271 271 271 =271 1084 84
Fy 265 -265 265 =265 | 1060 6.0
Fz 257 -257 257 -257 | 1028 2.8
Mx 272 =272 272 -272 1088 8.8
My 258 -258 258 -258 | 1032 32
Mz 259 -259 259 -259 | 1036 3.6
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Fig. 6. Manufactured six-axis force/moment sensor.

Six-axis force/
moment sensor
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Reference Six-axis force/
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(e) Applied moment Mz.

(d) Applied moment Mx or My.
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Fig. 7. Experimental setup for the characteristic test of the six-axis
force/moment sensor.
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Table 2. Rated output from FEM analysis and characteristic test of
each sensor of six-axis force/moment sensor.

Rated output (mV7V)

Sensor FEM Exp. Error
Fx 0.55013 0.53294 -3.12
Fy 0.53795 0.53082 -1.33
Fz 0.52171 0.51096 -2.06
Mx 0.55216 0.56482 2.29
My 0.52374 0.54196 348
Mz 0.52577 0.54008 2.72
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Table 3. Interference error of each sensor of six-axis force/moment

Sensor.
Sensor Interference error (%)

Force Fx Fy Fz Mx My Mz

Fx=150N 093 | 023 | 027 | 187 | 028

Fy=400N | 027 | -
Fz=400N | 035 | 041 | -
Mx=1.8Nm | 131 | 152 | 082 | - | 048 | 044
My=05Nm | 218 | 197 | 251 | 062 | - | 067
Mz=05Nm | 065 | 047 | 033 | 039 | 062 | -

039 | 048 | 028 | 197
029 | 055 | 037

-
3t
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Table 4. Repeatability error and non-linearity error of the six-axis

force/moment sensor.

Error (%)

Six-axis force/moment sensor
Fx Fy Fz Mx My Mz

Repeatability | 0.03 | 003 | 002 | 003 | 0.04 | 0.03

Non-linearity | 0.02 | 0.03 | 003 | 004 | 003 | 0.03
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