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Development of 6-axis force/moment sensor for a humonoid robot

Gab-Soon Kim' and Hyi-Jun Shin

Abstract

This paper describes the development of 6-axis force/moment sensor for a humanoid robot. In order to walk on uneven
terrain safely, the robot's foot should perceive the applied forces Fx, Fy, Fz and moments Mx, My, Mz to itself, and be
controlled by the foot using the forces and moments. Also, in order to grasp unknown object safely, the robot's hand
should perceive the weight of the object using the mounted 6-axis force/moment sensor to its wrist, and be controlied
by the hand using the forces and moments. Therefore, 6-axis force/moment sensor should be necessary for a humanoid
robot's hand and foot.

In this paper, 6-axis force/moment sensor for a humanoid robot was developed using many PPBs (parallel plate-beams).
The structure of the sensor was newly modeled, and the sensing element of the sensor was designed using theoretical
analysis. Then, 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 theoretical analysis agree well with
the results from the experiments.
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Fig. 3. Free body diagram of the PPBs under force Fz/4.
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Table 2. Rated output theory analysis and characteristic
test of each sensor of 6-axis force/moment sensor

Rated output (mV/V)

Sensor
Theory Exp. Error (%)
Fx 0.513 0.498 -4.9
Fy 0.513 0.501 ~6.7
Fz 0.542 0.520 6.0
Mx 0.535 0.519 ~1.9
My 0.535 0.496 4.0
Mz 0.564 0.524 ~-0.6

3 Fx, Fy, Fz& Z5 2000N, 29 E Mx, My, MzE
BT 500NmE 95702 LAY F Jow,
1x10*] AFFEA=E /A2 AUt 65 A/2H
EMX Y HAHASS Px=Fy=Fz=200N%4} EHE
Mx=My=Mz=5Nm& 7}8}3 ZH4&EH & &4 5}

o AEe F A WE AN skl Haghe 7 A9
AAZH o AAshu}.
Table 2% 6= T/ERAEMNA Y] o|2aaiel 487

Hel BAZEY ¥l QAE vepi EAE} oj&afa 44
o] AAZHL Table 19] AAWIE e 2] @4)l A
|3t ALk Aol A A% AAEHm )
B =EA 5ddge a8 veplz Qi) ol 23
AAHE e es 489439 23 73 %19
aEER l%éﬂﬁéF o] g-3te] B Ao Ky
B 65 Y/ENMEMAMNE QAT 5 g Ao vvtd
t}. Table 3& 6% 6‘/&@1 Al A o) Zh Al o) A7t
AeAE Veh 2 Aot A4 3= FxdA 7t
2.61 %, FyAX 7t 1.86 %, FZAX7} 0.69 %, MxAlA 7t
2.66 %, MyAl» 7t 2.51 %, Mz A 71 2.09 %) i Th.
mebr] g 62 F/adEAA ] A 457
ARz 2.66 %)tk FEAY QAR AM Q] THEeAL 2

E 3. 6% §/iEAAMY FETHE LA
Table 3. Interference error of each sensor of 6-axis force/
moment sensor

Interference error (%)

Sensor F/M
Mx My Mz

Fx Fy Fz

Fx=200N - 084 043 049 2351 209
Fy=200N 009 - 036 266 061 036
Fz=200N .01 031 - -1.14 127 0.57
Mx=5Nm -0.16 186 -0.29 -~ -023 -0.93
My=5Nm  1.26 -066 045 038 - 0.87
Mz=5Nm -261 191 069 089 071 -
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