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Development of a 6-axis robot’s finger force/moment sensor
for making arobot’s gripper
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Abstract

This paper describes the development of a 6-axis robot’s finger force/moment sensor, which measures
forces Fx, Fy, Fz, and moments Mx, My, Mz simultaneously, for making a robot’s gripper. In order to safely
grasp an unknown object using the robot’s gripper, it should measure the force in the gripping direction and
the force in the gravity direction, and perform the force control using the measured forces. Thus, the robot’s
gripper should be composed of 6-axis robot’s finger force/moment sensor that can measure forces Fx, Fy, Fz,
and moments Mx, My, Mz simultaneoudly. In this paper, the 6-axis robot’s finger force/moment sensor for
measuring forces Fx, Fy, Fz, and moments Mx, My, Mz simultaneously was newly modeled using severa
parallel-plate beams, designed, and fabricated. The characteristic test of made sensor was performed. Also,
Robot’s gripper with the 6-axis robot’s finger force/fmoment sensor for the characteristic test of force control
was manufactured, and the characteristic test for grasping an unknown object was performed using it.
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Fig. 1 6-axisrobot’s finger force/fmoment sensor
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Fig. 2 Free body diagram of plate beams for a 6-axis
robot’s finger force/moment sensor under the
forces Fx(or Fy)
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Fig. 3 Free body diagram of plate beams for a 6-axis
robot’s finger sensor under the force Fz
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Fig. 4 Free body diagram of plate beams for a 6-axis
robot’s finger force/moment sensor under the
moments Mx(or My, Mz)
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Table 1 Rated strain in theory and characteristic test

Sensor Anadysis | Rated strain | Error(%)

(mV/V)
Theory 0.5237

Fx sensor 6.0
Test 0.4925
Theor 0.5237

Fy sensor y 45
Test 0.5001
Theory 0.5396

Fz sensor 4.0
Test 0.5611
Theor 0.5278

Mx sensor y 33
Test 0.5102
Theory 0.5278

My sensor 34
Test 0.5097
Th .5237

Mz sensor oy 0523 4.6
Test 0.4998

Table 2 Interference errorsin characteristic test

Rated strain (um/m) and
Interference error (%)

Sensor

FIM P

Fy Fz

Mx | My | Mz

Fx=50 N - |-044] 0.63

-0.05|-1.12 | 0.61

Fy=50N | -0.77| - -151

-2.12 | -0.64 | 2.50

Fz=50N | 0.10 | 0.90 -

-0.46 | 1.84 | 0.74

Mx=5Nm|-0.04 | 151 | 1.11

- 103 | 0.74

My=5Nm | -0.70 | -0.22 | -0.48

1.76 - 173

Mz=5Nm | -0.14 | -2.45 | 2.20

-2.67 | -279| -
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Fig. 8 Response of gripper with 6-axis robot's finger
force/moment sensor
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