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The forces and moments exerted on humanoid robot foot are important information for controlling
or monitoring the robot. Multi-axis force/moment sensor can be installed under humanoid robot
foot to measure forces and moments. The sensor should have large stiffness to support the robot
weight and small size not to disturb the motion of the robot. In this paper, we designed a 6-aixs
force/moment sensor which has good accuracy, large measuring range, and new compact
structure. In addition, the proposed sensor is evaluated using analytical method and FEM(Finite
Elements Method) method. Finally, it turned out that it has good performance.
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Fig. 1 Model of the six-axis force/moment sensor (1)
Upper loop (2) Upper beam (3) Strain gage (4)
Upper center block (5) Lower center block (6)
Lower beam (7) Compliant beam (8) Lower loop

Table 1 Dimensions of the beams (mm)
Length Height Width
Upper beam 15 2 5
Lower beam 11 4 2

Compliant beam 22 4 1
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Upper part

Lower part

Fig. 2 Strain gages distribution on the elastic body
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Table 2 Strain at each measuring point

10 F, F, F, M, M, M,
12 .= 0.213F, Yy =0 £ =-1.754F., Py =0 €. =233.8M, | y,=27.04M.
I &= 0.213F, Yy =0 &= 1.754F, Yy =0 £ =-233.8M, | py,=27.04M.
D3 Yo =0 &,=0.213F, &, =-1.754F, &, =-233.8M, Yo =0 Yy = 27.04M,
D4 Yoy =0 g, = 0.213F, &, = 1.754F, &, =233.8M, Yoy =0 Vay = 27.04M,
Ds &, =-0.213F, Vay = £ =-1.754F., Yy =0 £.=-233.8M, | 7y, =27.04M.
D &, =-0.213F, Yy =0 &, = 1.754F, Yy =0 £, =233.8M, | 7,=27.04M.
p7 Yo =0 &, =-0.213F, &, =-1.754F, &, = 233.8M, Yo =0 Yy = 27.04M,
Ds Yoy =0 &, =-0.213F, &, = 1.754F, &, =-233.8M, Yoy =0 Vay = 27.04M,
Do & = & = 6.696F, | 7.=0.608F. 7e=0 e = 110.6M, £, = 304M.
Pio &= £ =-6.696F, | 7.=0.608F, Pz =0 7 =110.6M, | & =-304M,
P &, = 6.696F, &= Y = 0.608F, Y. = 110.6M, Yz = &, = -304M,
D2 &, =-6.696F, &= 7 = 0.608F, 7z = 110.6M, 72 =0 &, = 304M,
D13 £ = & = 6.696F, | 7.=0.608F. P =0 Yo = 110.6M, | & =-304M,
P4 & = £ =-6.696F, | 7.=0.608F, Pz =0 e = 110.6M, &= 304M.
Pis &, = 6.696F, &= Y = 0.608F, Y. = 110.6M, 72 =0 &, = 304M,
D16 &, =-6.696F, &= 7 = 0.608F, Pz = 110.6M, 72 =0 &, =-304M,
d) PPy Piss P A 89 33 2t 54 RIX[oMe HYE
. o5 A2 Y3 WY E Atolo #Aolt
T, = i;ihj (22) P .
2 R 27
>3 = S (e}
o Egji}jg }\igqu’ A e AdE T o714 E& 9 E(Young’s modulus)©] il G&= A HEr
Coom= e T M X} Al 4=(Shear modulus)©|t}. 3283} AlAel %9
324 ANl 8 17t 2l7kE A9 RS WAL Apesel ooE @ xe=ne
= 0.004mm =F¥ ¥ 297 go] 4zte] 54 91X
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Fop b 4 9Ael dig g9 e g muE
= @) 4 axel o frmdAth wepq e AlC]
' A 22 gAd A% @ ¢89S ol Ak
D) 2 pp A S AANAM T AR ARIAE AR AT T ER
Ayt WP ES et ¥ 22 5F oe 2ol
7, = i%.ﬂ (24) 2V7v o] &7 QA oA F-2 W3 E(normal strain)<]
' 21, 4 T s T 7 U
€) Do Pros Piss Py 1A &3 & =(0.213F, —1.754F, +233.8M,)x10°°
&, =(0213F. +1.754F, —233.8M )x 10
F;-be(lz —|x|) b, i i § ' 6
e (25) & =(0213F, —1.754F, - 233.8M,)x10
N £, =(0213F, +1.754F, + 233.8M,)x 10" (28)
d) PP Piss P A <2 &, = (-0213F, ~1.754F, —233.8M)x 10°°
Fou (=) b, &= (=0.213F, +1.754F, +233.8M )x107°
o, =t (26) B .
I 2 &, =(-0.213F, —~1.754F, +233.8M)x10

Al
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& =(-0.213F, +1.754F, —233.8M )x10°°
&y = (6.696F, +304M.)x10°°

£ =(~6.696F, —304.M_)x10™°

&, =(6.696F, —304M_)x10™°

€, = (=6.696F, +304M_)x10°°

& = (6.696F, —304M ) x10°

&4 = (-6.696F, +304M_)x10"°

&5 = (6.696F, +304M )x10™°

&6 = (-6.696F, —304M )x10™°

4. I}

4.1 HMFEx9 Y (isotropy)

Aol A8¥ P} XEE B4 229 7
7 AN A QA 2EH AAE 3] H7t
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A71A eeR" n& 54 @ WIFEEZ 7Y ¥y
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A3 ¢ FPe A AP F st
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EEEIE
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xm?~ ym?>~" zm?

M,,.M,} (32)
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agar A(32)e N, = AdgE sksel At
Tl Eoltt, 2 (33)3} ol =
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Con(C,) = 0,,,(C,)/ 7, (C,) (33)

grolth. ol A48l A% Con(Ci)=1 o|t}.
F 29 @ HeoRFH vu Ae 7E
& glrh,

glm == gSm

=(0.213F, +1.754F_+304M_)x107

xm zm ym
=7919.2x10°°

E. == g

9m 16m

=(6.696F,, +304M_,)x10° (34

=5718.4x10°°

aEan Ae8)t HeoEFH ¢ & Tika 4
GO ZHEH C Ids 7 F A

C -
108 0 2215 0 5905 0 ]
108 0 2215 0 -5905 0
0 108 2215 -5905 0 0
0 108 2215 5905 0 0
—-108 0 -2215 0 -5905 0
—108 0 2215 0 5905 0
0 -108 2215 5905 0 0
0 -108 2215 -5905 0 0 <10°
0 4684 0 0 0 5316
0 —-4684 0 0 0 -5316
4684 0 0 0 0 -5316
-4684 0 0 0 0 5316
0 4684 0 0 0 -5316
0 —-4684 0 0 0 5316
4684 0 0 0 0 5316
|-4684 0 0 0 0  -5316
(35)
A= hoNrd
Con(C,)=0,,,(C,)/7,,(C,) =2.484 (36)
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Table 3 Sensitivities and interference errors from
analytical method and FEM method

Sensitivity

Maximum interference
(1e/N) error (pe/N)

Method | Analytical | FEM | Analytical | FEM
13.392 11.487 0 0.044
13.392 11.3 0 0.036
7.016 7.298 0 0.061
467.6 446.9 0.911e-3 3.4e-5
467.6 446.9 0.911e-3 4.6e-5
1216 1324.5 0 0.032
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