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We describe the design and fabrication of a three-axis force sensor with parallel plate beams (PPBs) for measuring the
force of a patient’s thigh in a wearable walking robot. The thigh link three-axis force sensor is composed of Fx force
sensor, Fy force sensor, Fz force sensor and a pulley, which detect the x, y and z direction forces, respectively. The three-
axis force sensor was designed using the Finite Element Method (FEM), and manufactured using strain-gages. Experiments
to evaluate the characteristics of the three-axis force sensor were carried out. The results of the characteristics experiment
indicate that the repeatability error and the non-linearity of the three-axis force sensor was less than 0.04%, and the results
for calibration showed that the errors of the sensor was less than 0.1%. Therefore, the fabricated thigh link three-axis force
sensor can be used to measure the patient’s thigh force of the wearable walking robot.
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(a) Mesh (b) Applied force Fx

=400N

(c) Applied force Fy  (d) Applied force Fz
=-200N =-1000 N

Fig. 5 Deformed shape of thigh link three-axis force sensor
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Fig. 6 Strain distribution on each beam of thigh link three-axis force
sensor
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Table 1 Strains from FEM analysis at each attachment location of
strain-gages of each sensor of thigh link three-axis force
sensor

Three-Axis force/ Thickness Length Width
torque sensor (mm) (mm) (mm)
Fx sensor (300 N) T1=0.68 L1=5 B1=74
Tz sensor (15 N m) T1’=1.28 LI’=5 B1=74
Fz sensor (100 N) T2=1.38 L2=10 B2=14
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Table 2 Rated output from FEM analysis and characteristic test of

each sensor of thigh link three-axis force sensor

Rated output (mV/V) Error
Sensor .
FEM Exp. (%)
Fx 0.5055 0.4998 -1.2
Fy 0.5024 0.4922 2.1
Fz 0.0995 0.0973 22

Fig. 7 Photograph of the manufactured thigh link three-axis force
sensors
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(d) Applied rated force Fz to three-axis force sensor

Fig. 8 Experimental setup for the characteristic test of thigh link
three-axis force sensor
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Table 3 Non-Linearity error and repeatability error of thigh link
three-axis force sensor

Sensor Repeatability error (%) Non-Linearity error (%)
Fx 0.03 0.04
Fy 0.04 0.04
Fz 0.04 0.04

(c) Applied rated force Fz

Fig. 9 Experimental setup for the calibration test of three-axis force
sensor
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Table 4 Repeatability error and non-linearity error of thigh link
three-axis force sensor in the calibration

Sensor Repeatability error (%)  Non-Linearity error (%)
Fx 0.1 0.1
Fy 0.1 0.1
Fz 0.1 0.1
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