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Development of 6-axis force/moment sensor for an intelligent robot’s foot
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This paper describes the development of 6-axis force/moment sensor for an intelligent robot’s foot. In
order to walk on uneven terrain safely, the foot should perceive the applied forces Fx, Fy, Fz and moments Mx,
My, Mz to itself. The applied forces and moments should be measured from a 6-axis force/moment sensor
attached to a humanoid robot’s foot(ankle). They in the published paper already have some disadvantage in
the size of the sensor, the rated output and so on. The rated output of each component sensor (6-axis
force/moment sensor) is very important to design the 6-axis force/moment sensor for precision measurement.
Therefore, each sensor should be designed to be gotten similar the rated output under each rated load. So, the
sensing elements of the 6-axis force/moment sensor should get lots of design variables. Also, the size of 6-
axis force/moment sensor is very important for mounting to robot’s foot. In this paper, a 6-axis force/moment
sensor for perceiving forces and moments in a humanoid robot’s foot was developed using many PPBs
(parallel plate-beams). The structure of the sensor was newly modeled, and the sensing elements (plate-
beams) of the sensor were designed using FEM (Finite Element Method) analysis. Then, the 6-axis
force/moment sensor was fabricated by attaching strain-gages on the sensing elements, and the characteristic
test of the developed sensor was carried out. The rated outputs from FEM analysis agree well with that from

the characteristic test.
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Fig. 1 Structure of sensing element for 6-axis
force/moment sensor
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Fig. 2 Finite element meshes for FEM analysis of 6-
axis force/moment sensor in 3-dimension.

Fig. 3 Deformed shape of 6-axis force/moment sensor
under force Fx or Fy.

Fig. 4 Deformed shape of 6-axis force/moment sensor
under force Fz.
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Fig. 5 Deformed shape of 6-axis force/moment sensor
under moment Mx or My.

Fig. 6 Deformed shape of 6-axis force/moment sensor
under moment Mz.
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Fig. 7 Attachment location of strain-gages for each
sensor
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Table 1 Put table title put table title

Strain (xm/m)
Sensor
T, C, T, C, £
Fx 246 -246 246 -246 984
Fy 246 -246 246 -246 984
Fz 279 -279 279 -279 1116
Mx 272 -272 272 -272 1088
My 272 -272 272 -272 1088
Mz 257 -257 257 -257 1028
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Fig. 8 Photograph of developed 6-axis force/moment
sensor

Fig. 9 Experimental set up for developed 6-axis
force/moment sensor

Table 2 & ®&2 H
AAEE 9 x5 Yehda
Ael 2 (2)e ozl ALtd % @1% x AlA,
Fy AA, Fz AA, Mx 417\1, M ‘_/\1, Mz AA 7}
237y 0,492 mv iV , 0.492 mv/V , 0.558 mV/V
0.544 mv/vV , 0.544 mv/vV , 0.514 mv/vV ©]iL,

Aol o3t FAEFHLS Fx AlA, Fy AlA,
Fz AA, Mx AA, My AA, Mz A7} 2424
0.488 mv/v , 0.501 mv/Vv , 0.520 mv/vV ,

0.519mV/V , 0.496mV/V , 0.524 mv/V ©]SIT}.
Fera N ARE VFEor AYAT] QA=
Fx AM7F ~4.1%, Fy AA7F ~4.1%, Fz A7}
3.0, Mx AAMZF 71.7%, My AAZF 1.7%,
Mz Al A 7} -8.9%°] A T} olE o=
2EZAA|N 2 R, A K- Fa}
So= xgz}au}

Table 3 & 7} AA9] A3 7Hd xS Vel
gk, AZzFHexkE Fx AAYE -2.61%,
Fy AA7F 1.91%, Fz AMA7F 0.69%, Mx AlA 7}
2.66%, My AA7F -2.51%, Mz A7} 2.09%0] ATh.
mEkA e 6 & F/EREAAY FHy

A3 E A= 2.66%0] T

Table 2 Rated output from FEM analysis and
characteristic test of each sensor

Rated output (mV /V)
Sensor

FEM Exp. Error
Fx 0.492 0.488 -4.1
Fy 0.492 0.501 -4.1
Fz 0.558 0.520 3.0
Mx 0.544 0.519 1.7
My 0.544 0.496 1.7
Mz 0.514 0.524 -8.9

Table 3 Interference error of each sensor

Sensor Interference error (%)

FIM Fx Fy Fz Mx My Mz
Fx=200N | - 0.84 | 043 | 049 | -251 | 2.09
Fy=200N | 0.09 | - 0.36 | 266 | 0.61 | -0.36
Fz=200N 1.01 | 031 | - -1.14 | 1.27 | 0.57
Mx=5Nm | -0.16 | 1.86 | -0.29 | - -0.23 | -0.93
My=5Nm | 1.26 | -0.66 | 045 | 0.38 | - 0.87
Mz=5Nm | -2.61 | 191 | 0.69 | 0.89 | 071 | -
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