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Development of 6-Axis Force/Moment Sensor Considered Adult Weight
for a Humanoid Robot’s Foot

Gab-Soon Kim * and Jungwon Yoon®

ABSTRACT

This paper describes the development of 6-axis force/moment sensor considered adult weight for an intelligent foot
of humanoid robot. 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, and control the foot using the forces and moments. The applied forces and moments
should be measured from a 6-axis force/moment sensor attached to the foot, which is composed of Fx sensor, Fy sensor,
Fz sensor, Mx sensor, My sensor and Mz sensor in a body. Each sensor should get the deferent rated load, because the
applied forces and moments to foot in walking are deferent. Therefore, one of the important things in the sensor is to
design each sensor with the deferent rated load and the same rated output.

In this paper, a 6-axis force/moment sensor (rated load of Fx and Fy are 500Nm and Fz sensor is 1000N, and those
of Mx and My are 18Nm, Mz sensor is 8Nm) 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 by ANSYS software (FEM (Finite Element Method) program).
Then, a 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.

Key Words : 6-axis force/moment sensor (6 % /EEAA]), Interference error ("3 Z 4] £.21), Rated output (%
21 29)), Rated load (3 2 31%), Intelligent foot (X 53 %), Humanoid robot (U1E =X)
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Fig. 1 Structure of sensing element for 6-axis

force/moment sensor
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Fig. 4 Deformed shape of 6-axis force/moment sensor
under force Fz

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

Fig. 2 Finite element meshes for FEM analysis of 6-axis
force/moment sensor in 3-dimension

Fig. 6 Deformed shape of 6-axis force/moment sensor
under moment Mz

X ¥
Fig. 3 Deformed shape of 6-axis force/moment sensor WX Atk F JUEE J/RHUE JSEF %9
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Fig. 8 Strain distribution on the beams A and B under
force Fz

94

300

Strain (um/m)
o

-200
-300
-400
-500

Length of beam (mm)

9 Strain distribution on the beams A and B under
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Fig. 10 Strain distribution on the beams Q and R under
moment Mz

w2iA] 2+ AAe] AEHQUA A FAYa =
3 Fx AlA9t Fy M= H¥E Q9 RES /2
HE AGEZ NF R0z AASHAUL, B
dE Mz AXE Y/RAE HAGEE & RZo
AREH} olAL Fig. 10 oA BE A Zo
BE Mz & 7HE W /RUE ALGEE Fo]
a9 Wi Zuc} 25 ¥ o] HMYPES el
I 7] Yotk F FzHAME JWE A BE
9] FY/RHE AGES NiFf F2o2 AAs
i, ZUE Mx A My Axe JY/EHAE A
9EE & B2oz ZAASAY. 03 Fig 8 I
9ol BE A Zol F FzE 7HE doe ¥
/EHE AGEE9 W & Jgln EUE Mx
9 My & 718¢& & J/EUE AGEE Fo
2 Wy &L Uiz 7] "ot}

3.6% B/2HEMAM R =t



e - 39 ESAETHIAR A 1D ATE

3.1 Alolx|] R2a9ix| W [FEtLsMHAR
FHeA HMAANE EUE 2 MM 2EY
AAoA] XN E ZAA A2, Fig. 119 e
Uz itk 2E#AAR Y FAYAE Fx AA
7} S1~84, Fy AA7} $5~88, Fz AA 7} $9~812, Mx
AX 7t S13~816, My AA7F S17~820, Mz AA{ 7}
S21~824 olt}. 2E#QIAo|A 9 A HI9 A
v FoWgozE FYPYPAR ] JYEAYo=H
g Imm o]1, EYFoz s FHMZoltt Z A
9] 2E#AA A &AL 4 719 FFHA]9
Aol HYPEEL A () uUdstd FxAPde A
7t 0%0) He AFez AAHIY Table 1 &
F2AWL o]lfdle 6 & Y/RUEAAMY F &
EZUA)R B&A M9 MPEED 4] (1)
o8 Ada AARYEES vl Aok Fx 9
Fy AlA 9] Hgole AAUTE AT AH4NUYE
1000 um/m ©l3tolUiL, 1919 AMESL WIE
2 1000 gm/m ©)3oINH, LAt Hul 11.2%°]
3 o)t} ol L it MAA MY Tt
AL s AXEY FAE 0.lmm G2 Y
Bl 7] w&Eolch S E 0.0imm BHE AAS
A o 24T HYES 4L F oy B dF
i RAYF 6 F YWEAEMA T2 HZA
d&ol 0.0imm GHAZE 71FE = ¢17] W&ot}
E =RdME 6 & J/ZHEAMS HZH L)
% Fx, Fy 7} 500N, Fz 4147} 1000N, ZHE Mx,
My 7} 18Nm, Mz 447} 8Nm & AAsIg o4 §

Fx, Fy & 10~100N, Fz Al & 20~2000N, A E Mx,

My £ 3~36Nm, Mz AlA & 1.6~16Nm 2 A7}
7Festn AAE FFUEREAAN AFELE vt
A AAL%FS 39714 33 F Atk

3.2 MIAMA =D Agdat I oF

6 & Y/EAEANNE 7 AA AAF 2EH
AR BREAYR AEHAAR (N2A-13-
$1452-350, Micro-Measurement Company Al #1 2}, 7|
o]Z) A< 2,03, A7) 3x7.2mm)E & HAE
Bz ¥ & FAsY AFEdod, Add AA
9] A}AE Fig 12 9] Bolx It} Fig. 13 2 A%
6 % J/EAEAMY EAAEL AT 4FFH 2
€ delyz glon, Agd tF Y/EAEMNA
DA7E= @ Fx, Fy, Fz& EF 2000N, Z9E Mx,
My, Mz & E5F 500Nm & d&3o2 HAANE §
gog, 1x10* 9 FUFZEHEE 71xn Q)

95

by

] O 4y
B

Si
S2
|

| 7]

e
0

]

sz
1 L 1 Pl
g oF I iSimR

Fig. 11 Attachment location of strain-gages for each
sensor

Table 1 Strains from FEM analysis at each attachment
location of strain-gages of each sensor of 6-axis
force/moment sensor

Strain (um/m)
Sensor
T, C, T, C, £
Fx 235 -235 235 -235 940
Fy 235 -235 235 -235 940
Fz 276 -276 276 -276 | 1104
Mx 278 -278 278 -278 | 1112
My 278 -278 278 -278 | 1112
Mz 254 -254 254 -254 | 1016
. 6 F YEAEANAMY AALE AFsF

Fx=Fy=500N, Fz=1000N 3} R E Mx=My=18Nm,
Mz=8Nm & 713t AA&YE& A2, F
A HE AAst FEzE 4 AAY FFE&YHe
g2 AR

Table 2 © F¥ais4et dPAe] 42
g 2 oxg vehdix o fFdeidAAdng
BAEHE Table 1 o AAVWHEE T 4
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Fig. 12 Photograph of developed 6-axis force/moment
sensor

Fig. 13 Experimental set up for developed 6-axis
force/moment sensor

fResAAFAE NFoRE AFAHY AE
Fx AlA7} 4.4%, Fy A7} 2.3%, Fz A7} -5.1%,
Mx A4 7} -7.6%, My A 7F 9.6%, Mz AlA 7} 4.1%
olglen, Yozt 9.6%clALt olE i &
EFQUAoIR Y BRIz, AAFY HFLA, f
Fgoi ATEYolY nfHes} Fo2 AZEr

Table 3 & 2+ AA 9] A& QAE Yellix
ot} AE3 9= Fx AX7F 2.01%, Fy AA7
2.06%, Fz A7} 1.52%, Mx AX 7} 2.46%, My A4
7} -2.42%, Mz AX 7} 2.01%01 k. ek A et
6 & YEAEAMY Ho FINHYLAES 246%
ojt},

B gFoA 2A8Yg 6 F J/EWNEMA 72
= % Fx AA, Fy AA 9 ZHAE Mz A48 #A
Bz B3PYPH PPBI3~16 & Al 438l1, & Fz 4
A9} RelE Mx AA, My A9 ZAFE HPH
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Table 2 Rated output from FEM and characteristic test of
each sensor

Rated output (mV /V)
Sensor

FEM Exp. Error
Fx 0.477 0.498 44
Fy 0.477 0.488 2.3
Fz 0.560 0.531 -5.1
Mx 0.564 0.521 -7.6
My 0.564 0.510 9.6
Mz 0.515 0.536 4.1

Table 3 Interference error of each sensor

nsor Interference error (%)
FM Fx Fy Fz Mx My Mz
Fx=

- 044 | 024 | 0.12 | -2.42 | -0.09
500N
Fy=

0.02 - 0.19 | 246 | 021 | 2.01
S00N
Fz=

0.08 0.31 - -1.12 | 1.62 | 0.17
1000N
Mx=

-0.29 2.06 | -1.09 - -0.10 | -0.62
18Nm
M =
“ | 201 |08 |152]016| - |om
18Nm
Mz=

-096 | 2.03 | 049 | 089 | 0.23 -
8Nm

A W3 Fz, Mx, My & € 33 ERlEQ A7}
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