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In this study, we described the design of a three-axis force/torque sensor for measuring the force
and torque in a lower-limb rehabilitation robot. The three-axis force/torque sensor is composed of
Fx force sensor, Fz force sensor and Tz torque sensor. The sensing element for Fx force sensor
and Tz torque sensor is used in a two-step parallel plate beam, and that of Fz force sensor is
used in a parallel plate beam. The rated loads of Fx force sensor, Tz torque sensor and Fz force
sensor are 300 N, 15 N m and 100 N, respectively. The three-axis force/torque sensor was
designed using the finite element method, and manufactured using strain-gauges. The three-axis
force sensor was further characterized. As a result, the interference error of the three-axis
force/torque sensor was < 1.24%, the repeatability error of each sensor was < 0.03%, and the

non-linearity was < 0.02%.

KEYWORDS: Three-Axis force/torque sensor (3 & &/E3MHA),
plate beam (HL B & H ) Interference error (& 2 7Hd 2 &), Rated output (4 &)
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Velcro Foot fixture Three-axis force sensor
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Fig. 1 Principle of an ankle rehabilitation robot with
three-axis force/torque sensor
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Fig. 2 Structure of three-axis force/torque sensor
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(a) Mesh shape (b) Applied 300 N of Fx

e

(c) Applied 100 N of Fz  (d) Applied 15N m of Tz

Fig. 3 Deformed shape of the three-axis force/torque

sensor
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Fig. 4 Strain distribution on each beam of three-axis
force/torque sensor
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Fig. 5 Attachment locations of strain gages on each
sensing element of three-axis force/torque sensor

Table 1 The sizes of three-axis force/torque sensor from
the FEM (Finite Element Method)

Three-Axis Thickness | Length Width
force/torque sensor (mm) (mm) (mm)

Fx sensor(300 N) | t1=0.68 L11=5 b1=74

Tz sensor(15 Nm) | t1’=1.28 11'=5 b1=74

Fz sensor(100 N) | T2=1.38 12=10 b2=14
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Table 2 Strains from FEM analysis at each attachment
location of strain-gages of each sensor of three-
axis force/torque sensor

Total | Error
strain | (%)
Fx 254 | -254 | 254 | -254 | 1016 1.6
Tz 252 | -252 | 252 | -252 | 1008 0.8
Fz 253 | -253 | 253 | -253 | 1012 1.2
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Fig. 6 Photograph of the manufactured three-axis force/

torque sensor
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Fig. 7 Experimental setup for the characteristic test of
the three-axis force/torque sensor
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Table 3 Rated output from FEM analysis and characteristic
test of each sensor of three-axis force/torque

sensor
Rated output(mV/V) o

Sensor FEM Exp. Error(%)
Fx 0.5156 0.5046 -2.13
Tz 0.5116 0.5011 -2.05
Fz 0.5136 0.4985 -2.94

Table 4 Interference error of each sensor of three-axis
force/torque sensor

Sensor Interference error(%)
Fx=300N | Tz=15Nm | Fz=300N
Fx - 0.53 0.86
Tz 1.45 - 0.71
Fz 0.87 0.25 -

Table 5 Repeatability error and non-linearity error of the
three-axis force/torque sensor

Repeatabili Non-Lineari
Sensor éorror(%) Y error(%) v
Fx 0.02 0.02
Tz 0.03 0.02
Fz 0.03 0.02

{1 4z
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Fig. 8 Experimental setup for the calibration of the

Measuring

three-axis force/torque sensor

Table 6 Repeatability error and non-linearity error of the
three-axis force/torque sensor

Sensor Repeatability Non-Linearity
error(%) error(%)

Fx 0.04 0.03

Fz 0.04 0.03

Tz 0.03 0.03
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