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Design of Structure of Four-Axis Force/Torque Sensor with
Parallel Step Plate Beams
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Abstract: This paper describes the design of a four-axis force/torque sensor with PSPBs (Parallel Step Plate Beams). The sensor is
composed of eight PSPBs, a force/torque transmitting block, and fixing blocks. It is designed by using the FEM(Finite Element
Method), and fabricated by using strain gages. The characteristic tests of the sensor are carried out, and the interference error,
repeatability error, and non-linearity error are less than 2.21%, 0.03% and 0.03%. Furthermore, the structure of the four-axis
force/torque sensor with PSPBs has a larger rated capacity than that of the four-axis force/torque sensor with PPBs under the same
overall sensor size and the same rated output. It is thought that the developed four-axis force/torque sensor with PSPBs can be used
for measuring the forces and torques in an intelligent robot, automation devices, etc.
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Fig. 1. Structure of four-axis force/torque sensor.
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Fig. 2. Deformed shape of the four-axis force/torque sensor with
parallel step palate beams under each rated force.
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Fig. 3. Deformed shape of the four-axis force/torque sensor with
parallel palate beams under each rated force.
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Fig. 4. Strain distribution on each beam four-axis force/torque
sensor with PSPB under each rated force.
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A
ar

I fete o= g AlA 7Hx]Fe] 7).
Table 1. The sizes of sensors from the finite element method.
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Table 2. Strains from FEM analysis at each attachment location of
strain-gages of each sensor of four-axis force/torque sensor

with PSPB.
Strain (um/m)
S
ensor T C T C,  |Total strain| Error (%)
Fz 253 -253 253 -253 1012 1.2
Tx 252 -252 252 252 1008 0.8
Ty 252 | 252 | 252 | 252 1008 0.8
Tz 252 | 252 | 252 | -252 1008 0.8
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Table 3. Strains from FEM analysis at each attachment location of
strain-gages of each sensor of four-axis force/torque sensor

with PPB.
Strain (um/m)
Sensor -
T C T C,  |Total strain| Error (%)
Fz 253 | 253 | 253 | -253 1012 12
Tx 252 | 252 | 252 | 252 1008 0.8
Ty 252 | 252 | 252 | 252 1008 0.8
Tz 251 =251 | 251 | 251 1004 04
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(d) Applied torque Tz.
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Table 4. Rated output from FEM analysis and characteristic test of

each sensor of four-axis force/torque sensor with PSPB.

Sensor ngzed output (7 I/];XV)p Error(%)
Fz 0.5136 0.5209 142
Tx 0.5116 0.5258 2.78
Ty 0.5116 0.5249 2.60
Tz 0.5116 0.5212 1.88
E 5 BYAGRARE TR 45 VRS A e
2k
Table 5. Interference error of each sensor of four-axis force/torque
sensor with PSPB.
Sensor Interference error (%)

Force Fz Tx Ty Tz
Fz=300N - 1.83 1.08 0.10
Tx=15Nm 0.19 - 021 0.32
Ty=15Nm 221 0.26 - 0.67
Tz=30 Nm 0.24 043 0.28 -
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Table 6. Repeatability error and non-linearity error of the four-axis

force/torque sensor with PSPB.

=5
o

Four-axis force/torque sensor
0,
Error (%) Fz Tx Ty Tz
Repeatability 0.02 0.02 0.03 0.02
Non-linearity 0.02 0.03 0.03 0.03
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