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Design of A Spherical Electromagnetic Actuator for Robot's Eyeball
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ABSTRACT

" This paper proposes a simple actuator with a spherical rotor for robot’'s eyeball, which has two degrees of freedom. It
features that both permanent mghets and coils are equipped in a stator and the spherical rotor with steps on its surface is
driven by reaction of Lorentz force acting on the fixed coils. Such a structure is helpful to design a simple actuator and
particularly suitable f;)r a spherical actuator. Based on the FEM analysis, design parameters such as the sizes of core and
permanent magnet, the width of step, coil turns and maximum current, are determined so as to maximize the torque and
rotating angle. For the experimental verification of the feasibility,_ a prototype is manufactured and its operating

characteristics are investigated.
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Fig. 3 Force vs. step position for various gaps between cores
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Table 1 Material properties of PM and design parameters

. Parameter 0 WG T s Valie
B, 1.2 Tesla
o 4nx107 H/m
Um 1.05%1
I 2x10°% m
Ag 5454x10°® nf
In 6x10° m
Am 50x10° nf

Table 2 Calculated values of the flux and permeance

Parameter .., |7, o Value P S

Br 1.2 Tesla

o anx107 H/m

I 1.05%1p

I , 2x10° m

Ay v 5454x10°° nf

In . 6x10% m

Anm 50x10° nf
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Table 3 Design parameters of the prototype

. Parameter .« o | i Value o,
Outer diameter of disk 37 mm
Outer diameter of spherical exterior 40 mm
Mass of the rotor H5g
Thickness of PM 6 mm
Area of PM 5x10 mm?
No. of coil turns 180 and 60
Coil diameter 0.25 mm
Air gap between stator and rotor 2 mm
Current -15~15 A
Area of core 6.09%9 mm’
Gap between cores 2.86 mm

=& 3tk 283, 79 ZHE HI

IA &£8o] HES A Fof, 23 D ITANE 1
AN717) A8, w3 A2 8-¢-A(housing)& 9ol
B8 en, Table 3o A|ZEe] F2 AA WFES 3
BRI

42 73 E3 4 o MY

5° Aoz RE fXd mE % EAE HslA
o, do] FAH Qe 7Y 2E taz Yo =
o W3 AxE Zt7 Fig. 11¢] Yehidch Fig 11 @)%
Zol, do] A=Y UEe T ZE} ALLEE fFoo)
7t 7EEE A WA ok AT dAF BV} #4
HE RE ¢ F itk g, o] FE AFooleis +30°
o A 7F HY oM £8 E3E 43 A §
goH, A7k AFo et HAE & gSE & 4 Utk

@ol 40 gle 78 ZEE AMER %1, Fig. 11
(b)s}t o], & ZHolutF9 ZAE 2t 23 FHeo =2
HE AMgste A%, 9T7AY Lo 2HZ ik W3
o] FolNER ALURET} Frlsld BV} F718IA, o
A%, ZEY X wg 37 @4 s1E¥r &8 o
o Zdolg Fo] shte Holwt AA HAF TR o
T2, vo] 1At & o Ao fXsle H$ Zusy
(fringing) E5}e] #¥o] AAA gt ko] Eas} 37
wAEA et waba, olE @ d4e mEw, AAFR
dzodolele AAZ HEE £ Y Id FF H4Y7
20° HEZ A ool F2 & 5 glon o] WedaE
o] Al fXo] WE B} o= AL AAY S HE
A& ¢ F o

30
—a--00 [A]ll : : o : :

20 H—o— 08 Al o
—_ e 1.0 [A]
5 10 - 1.5 [A]
a : .
o OF
g
g B 1o O A, S SO SN S

-20

40 30 20 0 0 020 30 40
Rotating position [ degree]
(a) case of the spherical-type rotor with steps

30 : _
20 b e Y ¢ ......

E 1ol '

& :

% O oomy R LRI T R

g —s—05 A} : : ; L e

B 10 s 1Al b L EESRIE R Sy \.\
oleetsm) © - o o . N
40 -30 20 10 0 10 20 30 40

Rotating position [ degree]

(b) case of the disk-type rotor
Fig. 11 Torque vs. angular position for various current

- 672 -



30 - - - -
— R N :
B e i
E‘ 20F---- ! 0,4/"9
2 A0 e B BB
© :
g.. e 1.8 Al caloulated vaue
§ O} | o~ 1.0 : calcuiateg vaue |
| —n— 1.5 [A] : measurad value
10 : . : -~ 1.0 [A] : measured value
-20 -10 0 10 20

Rotating position [degree]
Fig. 12 Calculated and measured torques in a
~ permissible range(220degree)

23, 10A% 15A8 Arbstel X e E3g &
Betach £8% 0INY § %—3, I(AIKOH Co)& A}43
o, AF Ut Al BEZF Y AXAA FAole £7H9
e 23R, o éxé% e BEaz AL
Fig. 12 Fig. 11(b)¢] FEM #j4] 238 EgE Alz}E <
8 T W9 220" YoM Q7 AFo] BE EAY
273 Assh 84 ABE vehd Rojh

2Y Ade A]Zﬂ’-‘)rEJ dololele) HE FF EH W
AN dAF }& FASE BFE BAd =¥ 4 A
= a4 Az lBH EA7 A 3G ol dA

4Y A g 24719 Ba50] 0INY o|$2, B& 27]9
Yol sk AYY 249 oW, Y& A5 Eaz

Baste BANA, 24 9xe) o4 ¥ ZEg AXR A}
olg) $RLR Qg eRTo FHHE 23 93 Q@
Aog wuEy o}gd, Ax =E 4% mdy zojw
Aolel X WHHE 2 GRE B3 i @ A0
Atz gk

FEM si43} A7) 32 34 F8ste], Foj9f Zo]
R 4, 2ga o5 we
1}@,° AAF 59 Y 4A WwFE &3}, Xil‘*%‘
E8) Qoo iy dA 7PHS Fhagch

“é% AAl BRE AMESte, 7Y dFoolElE A7),

iy U T

HFsAth FEM d4e B3 E= §A4E sidsigded,
AY At vz F4¢ SHh 7Y 72 AR of
B s, Y F2E daa FHz wAFoen
A, AY dae H4e B 43" AR} Aojs w
. aglm, 2R < B E24M Fgse 9835}
FERAA ddoz AL3e AL 4 5 dYen, FEM
Yol HEHR] gokxeh AAz ZE ¥ FAHY I
o o] ntd JRx A E3lmz, HA A ue sl &
A Bed e 4 F itk @A, A7) A S
554 2 Ao s ddo] £98u glon, &% 4%
F4e A8, vk 42 A4 2 TF Y9 du), 7F
E3 F7b 5 72 AA0 33 A7t A%E Rold

7
°of #E& RY7|ER Adoz g

o ATMEANLD7IE B8R
)9 d#oz FHHUFU

2471 Z2E
AEEE 71ENEAL

(1) Richard S. Wallace, 1994, “Miniature Direct Drive
Rotary Actuators I Eye, Finger and- Leg,” Proc. of the
IEEE International Conference on Robotics and Automation,
vol.2, pp.1496-1501,

(2) Cecilia Laschi et al, 2003, Vlsuo-Motor Coordmatlon
of a Humanoid Robot Head with Human-like Vision in Face
Tracking,” Proc. of the IEEE International Conference on
Robotics and Automation, vol.l, pp.232-237,

(3) H. Kobayashi et al, 2000, “Study on Face Robot
Platform as a KANSEl Medium," Industrial FElectronics
Society, IECON 2000, 26th Annual Conference of the IEEE,
vol.l, pp.481-486,

(4) H Kobayashi et al, 2001, “Development on Face
Robot for Real Facial Expressions,” Proc. of the 2001
IEEE/RS] International Conference on Intelligent Robot and
Systems, vol4, pp.2215- 2220

(6) WFER, AL, PUeF, 2005, O 4By Yo xF
E YFoole] HA" fa 23T =ER, A 158 A 3
%, pp.334~340.

(6) Hanselman, 1994, D.C., Brushless Permanent-Magnet
Motor Design, McGraw-Hill,

(7} Rotors, H. C, 1941, Electromagnetic Devices, John
Wiley & Sons Inc,

- 673 -



