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Most serious stroke patients have the paralysis on their wrists, and can’t use their hands freely.
But their wrists can be recovered by rehabilitation exercises. Recently, professional rehabilitation
therapeutists help stroke patients exercise their wrists in hospital. But it is difficult for them to
rehabilitate their wrists, because the therapeutists are much less than stroke patients in number.
Therefore, the wrist twist-exercise rehabilitation robot that can measure the twist force of the
patients’ wrists is needed and developed. In this paper, the six-axis force/moment sensor was
designed appropriately for the robot. As a test result, the interference error of the six-axis
force/moment sensor was less than 0.85%. It is thought that the sensor can be used to measure
the wrist twist force of the patient.
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Fig. 5 Attachment locations of strain gages on each

sensing element of six-axis force/moment sensor

Table 1 Strains from FEM analysis of six-axis force/

moment sensor
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Fy 264 | -264 | 264 | -264 | 1056 5.6
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Fig. 7 Experimental setup for the characteristic test of
the six-axis force sensor

Table 2 Rated output from FEM analysis and charac-
teristic test of each sensor of six-axis force/
moment sensor

Rated output (mV/V)

Sensor FEM Exp. Error

Fx 0.53592 0.50261 -6.22

Fy 0.53592 0.51925 -3.11

Fz 0.50953 0.49865 -2.14

Mx 0.53592 0.54238 1.21

My 0.53592 0.54728 2.12

Fig. 6 Manufactured six-axis force sensor Mz 0.51968 0.53219 2.41
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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=200N - 0.25 | 0.84 | 1.28 | 0.87 | 1.27
Fy=200N | 0.85 - 0.29 | 095 | 1.62 | 0.97
Fz=500N | 0.21 | 0.09 - 0.84 | 037 | 0.42

Mx=10Nm| 1.23 | 0.93 | 2.32 - 0.75 | 0.57

My=10Nm| 2.10 | 1.82 | 0.28 | 0.28 - 0.86

Mz=10Nm| 0.95 | 0.97 | 0.63 | 0.34 | 0.49 -

Table 4 Repeatability error and non-linearity error of the

six-axis force/moment sensor

Six-axis force/moment sensor
Fx | Fy | Fz | Mx | My | Mz
Repeatability | 0.02 | 0.01 | 0.02 | 0.03 | 0.02 | 0.02
Non-linearity | 0.02 | 0.01 | 0.01 | 0.02 | 0.03 | 0.02

Error (%)
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