F2ALFTEHER] A2 @ A1E 07 1Y)
Journal of the Korean Society for Precision Engineering, Vol. 24, No. 1, January 2007

o2ty 2Ro| X8 UE 2t 65 E€F H/ZUHEHA
Uz

Development of 6-axis Ankle Force/Moment Sensor for an Intelligent Foot of
a Humanoid Robot

Gab Soon Kim*

ABSTRACT

This paper describes the development of 6-axis ankle force/moment sensor for the intelligent feet of a humanocid
robot. When the robot walks on uneven terrain, the feet should perceive the applied forces Fx, Fy, Fz and moments Mx,
My, Mz from the attached 6-axis force/moment sensor on their ankles. Papers have already been published have some
disadvantages in the size of the sensor, the rated output and so on. The rated output of each component sensor (6-axis
ankle force/moment sensor) is very important to design the 6-axis force/moment sensor for precision measurement.
Therefore, each sensor should be designed to get the similar rated output under each rated load. Also, the size of the
sensor is very important for mounting to robot’s feet. Therefore, the diameter should be below 100 mm and the height
should be below 40mm. In this paper, first, the structure of a 6-axis ankle force/moment sensor was modeled for a
humanoid robot’s feet newly, Second, the equations to predict the strains on the sensing elements was derived, third, the
size of the sensing elements was designed by using the equations, then, the sensor was fabricated by attaching strain-
gages on the sensing elements, finally, the characteristic test of the developed sensor was carried out. The rated outputs
from the derived equations agree well with the results from the experiments. The interference error of the sensor is less
than 2.94%. '

Key Words : Humanoid robot(2J 7% 2 %), Humanoid robot’s foot (2138 Z 2 9] ), 6-axis ankle force/moment
sensor(6 & T /=l E M), Interference error(A 2314 2 21), Rated output( 2 & 3)
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1 Structure of sensing element for 6-axis ankle
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Mz 345 | -345 205 -205 1100
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Table 2 Rated output from theory analysis and
characteristic test of each sensor
Rated output Viv
Sensor ated output (mV /V)
Theory Exp. Error
Fx 0.555 0.549 -1.08
. s . Fy 0.555 0.541 -2.52
Fig. 7 Photograph of developed 6-axis ankle Fz 0.488 0.508 410
force/moment sensor Mx 0.556 0.539 3.06
My 0.556 0.531 -4.50
Small 6-axls
F/M sensor | Mz 0.550 0.568 -3.27
Arm \ l Table 3 Interference error of each sensor
J R N A @ N D R A sor Interference error (%)
1 | F/M Fx | Fy | F2 | Mx | My | Mz
T
: Fx=200
/ | \ - | o84 | 013 | 009 | 294 | 216
: { N .
Body | Fy=200
N 0.09 - 0.24 2.76 0.11 -0.08
- welght 2 | pun Welght 1 =
. Fz=200
. 201 031 - -1.09 1.75 0.64
Fig. 8 Experimental set up for developed 6-axis ankle N
force/moment sensor Mx=2.5 016 | 206 | -0 i 005 | -0.54
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251 1.80 0.53 091 0.37 -
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0.555mV IV ,0488mV IV ,0.556mV IV ,0.556mV/V ,
0.550my /v o, Ago] 2l FHEHLE Fx MA, 5. 48
Fy AlA, Fz 1A, Mx Al A, My A1 A1, Mz A7} 22}
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Z1Zzog Agdstel exte Fx AAM7E -1.08%, Fy
AAX 7} 22.52%, Fz DA 71 4.10%, Mx A A7} -3.06%,
My AWM 7} -4.50%, Mz AAM7} 3.27%0]%c} ol &

34

ok AZE 6 & WE Y/RAEMAM o Hof 43
gzt FES WHEACA 3 owoln, &
AAPAT 294%0128 FET ol &2(8), (9),




e eFYLISHA A 24 W A1 2T

(13), (14), (21), (22), 30), 3)& 2AFE 6 F L=
F/nAENMY ZARE AASGEH ALE F

<2 Fadgch A AME Hd B3
a7 MAZA olm #ojstn AE AL 6
% F/RAEMA B8 o a3 vz FFoln
2717 Aol 100mm, £°17F 32mm o2& UL
& 2R A%y =g &) ALgsirie A
Aoz Atgdd)

% 7l

B AF: gEngA" EARIIZEFROL-
2006-000-10468-0)X 1 o2 U S

AOE8

1. Hirukawa, H., Kanehiro, F., Kaneko, K., Kajita, S.,

Fujiwara, K., Kawai, Y., Tomita, F,, Hirai, S., Tanie, K.

and Isozumi, T, “Humanoid robotics platforms
developed in HRP,” Robotics and Autonomous
Systems, Vol. 48, No. 4, pp. 165-175, 2004.

2. Kagami, S., Mochimaru, M., Ehara, Y., Miyata, N,
Nishiwaki, K., Kanade, T. and H,
“Measurement and comparison of humanoid H7
walking with human being,” Robotics and
Autonomous Systems, Vol. 48, No. 4, pp. 177-187,
2004.

3. Ogura, Y., Ando, S., Lim, H. O. and Takanishi, A,,
“Sensory-based walking motion instruction for biped
humanoid robot,” Robotics and Autonomous Systems,
Vol. 48, No. 4, pp. 223-230, 2004.

4. Seara, J. F. and Schmidt, G, “Intelligent gaze control
for vision-guided humanoid walking: methodological

Inoue,

aspects,” Robotics and Autonomous Systems, Vol. 48,
No. 4, pp. 231-248, 2004.

5. Ude, A., Atkeson, C. G and Riley, M., “Programming
full-body movements for humanoid robots by

observation,” Robotics and Autonomous Systems, Vol.

47, No. 2-3, pp. 93-108, 2004.

6. Arkin, R. C,, Fujita, M., Takagi, T. and Hasegawa, R,
“An ethological and emotional basis for human-robot
interaction,” Robotics and Autonomous Systems, Vol.
42, No. 3-4, pp. 191-201, 2003.

7. Capi, G, Nasu, Y., Barolli, L. and Mitobe, K., “Real

35

time gait generation for autonomous humanoid
robots: A case study for walking,” Robotics and
Autonomous Systems, Vol. 42, No. 2, pp. 107-116,
2003,

8. Kim, M., Cho, K., You, B. J. and Lee, C. W, “Task
planning for humanoid robots using look-up table,”
Robotics and Autonomous Systems, Vol. 40, No. 2-3,
pp. 205-212, 2002.

9. Kim, G S., “The development of a six-component

force/moment sensor testing machine and evaluation

of its uncertainty,” Measurement Science and

Technology, Vol. 11, pp. 1377-1382, 2000.

Kim, G S., “The design of a six-component

force/moment evaluation of its

uncertainty,” Measurement Science and Technology,

Vol. 12, pp. 1445-1455, 2001.

Kim, G. S., “Design of 3-component sensor with

force/moment ratio of wide range,” KSPE, Vol. 18,

No. 2, pp. 214-221, 2001.

Kim, G S. and Lee, H. D., “Development of a six-

axis force/moment sensor and its control system for

an intelligent robot’s gripper,” Measurement Science

and Technology, Vol. 14, pp. 1265-1274, 2003.

Kim, G S, “Development of a small 6-axis

force/moment  sensor for robot’s fingers,”

Measurement Science and Technology, Vol. 15, pp.

2233-2238, 2004.

Kim, G. S. and Park, J. J., “Development of the 6-

axis force/moment sensor for an intelligent robot’s

gripper,” Sensors and Actuators, Vol. 118, pp. 127-

134, 2005.

10.

sensor and

1.

12,

13.

14.

15. ATI INDUSTRIAL AUTOMATION, “Multi-Axis
Forcre/Torque  Sensor,” ATI  INDUSTRIAL
AUTOMATION, pp. 4-45, 2005.

16. BL AUTOTEC, “BL SENSOR, Multi-axis

force/torqlie sensor (BL-FTS-E020),” BL AUTOTEC,
pp. 5-50, 2003.

Jj

=]
T

Al #X| 82| o|BsM F4

M7

=

Al122.1 EH»2| §3 RHEAE 4 F|



e FIALIGHA AP A1 R

4, 1}
FFyAy=FFyBy =0, { —= AE 12_Elj e)]
l .}
Fep =8,/ 1y 2 2
By [AE 48EI, ] @
8! 1,

Mg, =6,/ 1 -2 3
Fra 2 (A El, +6E12] ®
12E1, I .

Fryg, = (52"’1 (4, +;1)¢1j )]

1
REL (S, v, d, |
= Lo+t 5
Mgy, K (2 2 (2+3)¢: (%)
AE
Fey ="12;“("| +d4¢l) 6)
12E1,
FFny _[-( (d3 —)¢l) ™
2
2EL (b dy 1,
M — 4= 8
M= L (2 (2 3)¢1) (8)
AE
Fry, =f("l +d,) 9
12E1,
FFny _[_( h +(d3 —)¢]) (10)
2
12E1, h d, |
Mpg =—= L2 ( '2L+(—23‘+?2)¢1) (1m

A12222 F»2| g3} RHEAE $A XY

12E1,, l
FFzEy 1 (53 (dz +71)¢2J (12)
1 .
12E1 & v d !
Meo, = ny 32 (L2, L 13
FiE . (2 3 (2 + 3)¢2) (13)
My =26, || B s t2 (14)
Ipg  Ipy

Al3+22.3 "9 EI-T'—P RRENE FATH

121, !
Fuyey = B ((dl —)6’3 -v; —(d, "'2'—)453] (15)

1

12E1 d, | oy d, 1
M - 21 Ly -2 (22 16
MyE 7 ((—2 3) 375 ( 2 3)¢3J (16)

dy, I
My, =2G¢, | -+ -2 an
Ipg  1Ipy .

Al4“224 H»2| ﬂm RHENE AN

12E7,
FMzEy —+
l
VEL(.d L. v,
= m—— ——+—0 ———
MzE 112 ((2 3) 4 7 (

12E1 l
Flex = ] 3 2'(— h4 +(d3 +%)¢4)

2

_LEL( b b,
M = L2 ( 5 )¢4
A E
Fopay = 1_2 (V4+d4¢4)
2
12EI l
Frptiy = =5~ 2'(‘ hy +(d; +—2)¢4)
L 2

12Ef,( h, d;3 |
My =“—L[“i+(73+'§‘)¢4J

2

12EL, ( h dy |
M,,, = £ ke AP ot R
MzJ 122 ( ( 2 3 )¢4)

12E1, ( A
M 2|24 p
MzK 122 ( 2 ( )¢4J
E.,
Frky (ve + d4¢4)

((dl 16, v, - @, -’7‘)«64] (18)

l
?')¢4) (19)

20

@n

(22

@3

24)

25)

(26)

@7

28

29

(G0

€2



