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In this paper, the history of spherical motor development is reviewed. The history shows
that there are a lot of application areas for the spherical motor and the spherical motor
technology reaches the practical development stage now. Then, recent research results of our
group are reported. Our project has two goals. One is to establish an academic framework of the
spherical motor theory by extending the design theory of the conventional motor. Another one is
to develop practical spherical motors. The future of the spherical motor is also discussed.

Keywords: Motor, Multi DOF, Spherical, R and D, Polyhedron

(1)

(2)

1

7
7

(3)

1
3

3 7

1980
(4)-(16)

1
1980

1983

1980

1980

3
(17)-(21)

1985

(22)

NTT 3 DC
(23) 3 X Y Z

2
Z ±15deg

200rpm

Georgia Lee 3
(24)* 2014 5 12

*1 739-2116 1
E-Mail  t.yano@hiro.kindai.ac.jp

－ 145 －

近畿大学次世代基盤技術研究所報告 Vol. 5（2014）145－152



Benjamin 2
(25)

3

0.15deg 0.015kg
0.16kg CCD

(26) 3 3

0.2Nm 600rpm
Z ±10deg

3

(27) Z ±45deg
0.093Nm 0.026deg

5 MEISTER
(28) MEISTER ±0.6mm ±0.7deg

1μm 100N
IBM Hollis 6

(29)

6
3

3 6
1μm

2

(30)

1995

2000
Georgia Lee

(31)

(a)
Johns Hopkins Stain 16

24
(32) Aahen Kahlen 96

48
115rpm 40Nm

(33) DSP 96

Z 1000rpm X,Y
60rpm

(34) Louvain Dehez
14000rpm 0.15Nm

(35)

AC
(36) 75mm

0.03deg 0.03Nm AC 0.16deg
0.008Nm

(b)

(37)-(40)

2004

－ 146 －



(41) 2011
(42)

438
(2004-2009)

(43)

2002 4

4 (44)-(47) 2015

“Multi-Degree-of-Freedom
Actuator” (Springer)

ICRA, IROS, Speedam, LDIA, ICEM,
ISEF SEAD,MAGDA,

AEM ,

(48)

(a)

(49)

Georgia Lee

(50) 2 16
2 20

Lee

(51)

Hanyang Cho
60deg 6

90deg
N S (52)

Southern Scientific Centre of Russian Academy of
Science Kochubey

(53)

0.7m 0.6m 0.05
1200Nm

3

(54)

3
246mm 300rpm
4Nm

(b)

90mm, 2Nm,
-25deg-25deg

(55)

(c)
Darmstadt NASA

747
3

(56).

(57).
(d)
Swiss Center for Electronics and Microtechnology

－ 147 －



Onillon
(58) 14.1kg 70w

6000rpm 6Nm 27Nms
.

(e)

3

(59)

(60)

(61)

(62).

(63)

(f)

(64)(65), (66)

(67)

(68)

1(a)
N S 4

3

4 3

1(b)
1(b)

2

2 AXIS1 AXIS2
1(b) 1

2 1,2,3
AXIS1 2,3,4

AXIS2
1(b)

3

1,2,3 4,5,6
2

3 PID

1
1

5
11

(69)

(a) (b)
1.

2.

－ 148 －



(a)

3

(b)
1

3

(c)
1

CCD

(d)
1

3
(e)
1

1

(f)
1

3

3

(70)

MAGNET7
(71)

2 (72)

(73)

(74)

(75)

3 PID
3

3

3. A 24246032 (2012.4-2016.3)

－ 149 －



(1) 438

http://yokota-www.pi.titech.ac.jp/Acto%20Files/Ac
tuator-index.html.

(6) Miles, “Electrical Machines and Apparatus for
Rotation Around Multiple Axes”,U.S.Patent
4719381,(1988)

(7) Vachtsevanos, G. et al, “Spherical Motor
Particularly Adapted for Robotics”, U.S.Patent
4739241, (1988)

(8) Foggia et al, “Electro-Mechanical Converter with
Several Degrees of Freedom”, U.S.Patent
4634889,(1987)

(9) Do Mau Lam., “Dispositif D'orientation sans
frottements solides, et application a un vehicule
spatia”, 2535479,(1982)

1 1

(a)
(b)
(c)
(d)
(e)

1

DARPA Google

3D

2015 IPCC
5 IPCC

50

1

3

(A)24246032

(2) , ,
21 7 (2003) pp.698-701

(3) Yano,T. and Kaneko,K., “Basic Consideration of
Actuators with Multi DOF Having an Identical
Center of Rotation”, J. Robotics and Mechatronics,
Vol.7, No.6, (1995), pp.458-466

(4) Rosheim, “Wrist Tendon Actuator”,U.S.Patent
4804220,(1989)

(5) Kimura et al., “Wrist Mechanism for Industrial
Robot”,U.S.Patent 4594918,(1986)

(10) “ ” 59-162763 (1984)
(11) “ ” 59-222069 (1984)
(12) “ ” 59-222070

(1984)
(13) “ ” 56-28460 (1981)
(14) “ ” 56-28093 (1981)
(15) “ ” 59-17860 (1984)
(16) “ ” 59-162762 (1984)
(17) “3 ” 1946377 (1984)
(18) “3 ” 2005224 (1985)
(19) “3 ” 1685370 (1985)
(20) “3 ” 2587217

(1986)
(21) “3 2611180

－ 150 －



(24) Lee,K.M. and Kwan,C.K., “Design Concept :
Development of a Spherical Stepper for Robotic
Applications”, IEEE Trans. R and A, Vol.7, No.1,
(1991), pp.175-181

(25) Gosselin,C.M. and Hamel,J.F., “The agile eye: a
high-performance three degrees of freedom
camera-orienting device”, Proc. IEEE ICRA,(1994),
pp.781-786

(27) Yano,T. Kaneko, M. and Sonoda, M.,
“Development of a synchronous motor with three
degrees of freedom”, Theory and Practice of Robots
and Manipulators, Springer - Verlag, (1995),
pp.275-280

(28) Tsuda,M., Higuchi,T. and Fujiwara,S., “Magnetic
Levitation Servo for Flexible Assembly
Automation”, J.Robotics Research, Vol.11, No.4,
(1992), pp.329-345

(29) Hollis,R.L.,Salcudean,S.E. and Allan,A.P., “A
Six-Degree-of-Freedom Magnetically Levitate
Variable Compliance Fine-Motion Wrist:Design,
Modeling, and Control”, IEEE Trans. R and A,
Vol.7, No.3,(1991), pp.320-332

(32) Stein,D. Chirikjian,G.S., “Experiments in the
Communication and Motion Planning of a
Spherical Stepper Motor”, Proc. ASME 2000
Design Engineering Technical Conf. and
Computer and Information in Engineering Conf.,
DET00/MECH-14115, (2000),pp.1-7

(33) Kahlen, K. and Doncker, R. W., “Current
regulators for multiple-phase permanent magnet

spherical machines", Proc. IEEE Industrial
Application, (2000),pp.2011-2015

(35) Dehez,B., Grenier,D. and Raucent,B., “Two
Degree of Freedom Spherical Actuator for
Omnimobile ROBOT”, Proc. IEEE ICRA,(2002),
pp.2381-2386

(39) “ ”
,Vol.111,No.1072,(2008),pp.190-191

(43) Editor: Higuchi, T., Suzumori,K.,Tadokoro,S.,
“Next- Generation Actuators Leading
Breakthroughs”, Springer, (2010)

(1994)
(22)

Vol.15 No.3 (1997) pp.330-333
(23) Kaneko, K.Yamada,I. and Itao,K, “A Spherical

DC Servo Motor With Three Degrees of Freedom”,
Trans. ASME Dynamic Systems, Measurement,
and Control,(1989), pp.398-402

(26)

, Vol.11, No.6, (1993),pp.107-114

(30) Roth,R.B. and Lee,K.M., “Design Optimization of
a Three Degrees-of-Freedom Variable-Reluctance
Spherical Wrist Motor”, ASME J. Engineering for
Industry, Vol.117,(1995),pp.378-388

(31)
Vol.21, No.7, (2003), pp.740-743

(34)
11

MAGDA (2002)
pp.169-172

(36) Yano,T. and Suzuki,T., “Basic Characteristics of
the Small Spherical Stepping Motor”, Proc.IEEE
IROS, (2002),pp.1980-1985

(37) AEM
,Vol.4,No.2,(2006),pp.197-202

(38)
,Vol.127,No.5,(2007),pp.294-296

(40)
,Vol.77,No.9,(2011),pp.836-839

(41)
(2004)

(42)
(2011)

(44)

,Vol.1029,(2005)
(45)

,Vol.1081,(2007)
(46)

,Vol.1140,(2008)
(47)

Vol.1265,(2012)
(48)

https://staff.aist.go.jp/t.yano/data/conference/conf2
014.html

(49) , 3641688
, (1995)

(50) Lee,K.M. and Joni,J., “Concept Development and

－ 151 －



(52) Cho,C., Kang,D., Kim,S.,Won,S.,Lee,J., et.al.,
“Using Mechanical Method of Torque Simulation
for Reducing Calculation Time of Permanent
Magnet Spherical Wheel Motor”, Proc.ICEM,
(2008), pp.3112-3115

(53) Kochubey,T., and Zentner,J., “Investigation of
Active Spherical Wheels based on Induction Motor
Principle”, Proc LDIA'11, (2011),pp.LIM15-1-6

(54) Kumagai,M., and Hollis,R.L., “ Development and
Control of a Three DOF Spherical Induction
Motor”,Proc.IEEE ICRA,(2013),pp.1520-1525

(56) Anders,M., Binder,A. and Suess,M., “A
Spherical Linear Motor as Direct Drive of an
Airborne Optical Infrared Telescope”, Proc.
LDIA, Vol.1,(2005), pp.528-531

(57) , , , ,
, “
2 ”

E, Vol.126, No.4,(2006), pp.144-149
(58) Onillon,E., Chetelat,O., Rossini,L., Lisowski,L.,

Droz,S., and Moerschell,J., “Reaction Sphere for
Attitude Control”, Proc.European Space
Mechanisms and Tribology Symposium, (2009)

(59) Park,S.,Takemura,K.,Maeno,T., “Development
of Multi-DOF Actuator for Surgical Tools”,
Proc.ICENCE,(2003), pp.3039-3046

(60)

Vol.12,No.4, (2000),pp.131-136
(61) Morishima, K., Tanaka, Y., Shimizu,T., Yamato,

M., Kikuchi,A., Okano, T., and Kitamori,T.,
“Bio-Actuated Micro pump Using
Cardiomyosytes Sheet”, Proc. NGALB,(2006),
pp.71-74

(62) , , ,

(69) Sasaki,R., Gofuku,A., Yano,T., Wada,Y., and
Shibata,M., “Rotation control of a 14-12 spherical
stepping motor”, Proc. MAGDA ,(2011), pp.42-47

(72) Yano,T., Kasashima,N., and Ashida,K.,
“Development of a posture sensor for the spherical
motor”, J. JSAEM,Vol.21, No.3,(2013),pp.458-463

(51) Yan,L., Chen,I.M., Lim,C.K., Yang,G., and Lee,
K.M., “Design, Modeling and Experiments of
3-DOF Electromagnetic Spherical Actuators
(Mechanisms and Machine Science)”,Springer,
(2011)

Design of a Spherical Wheel Motor (SWM)”, Proc.
IEEE ICRA,(2005), pp.3663-3668

(55) , ”,

(2013), pp.114-151

, ,Vol.
29, No.7, (2011),pp. 619-625

(63) Shan,W., Gohuku,A., Shibata,M., Yano,T., and
Kamegawa,T. “A Stirrer Driven by a Spherical
Stepping Motor”, Electrical Review Journal,
Vol.2012, No.6, (2012),pp.48-51

(64) Lu,B., Aoyagi,M., Takano,T., and Tamura,H.,
“Examination of Sandwich-Type
Multidegree-of-Freedom Spherical Ultrasonic
Motor”, J. Applied Physics, Vol.49,(2010),
pp.07HE24-1-07HE24-7

(65) , , , 3
,

, (2008),pp.929-930
(66) , , ,

3 , AEM
, Vol.20, No.1,(2012), pp.181-186

(67) , , , ,

,
,(2014),pp.135-136

(68) Yano,T., “Proposal of polyhedron based spherical
stepping motors”, Proc.SPEEDAM,(2008),
pp.1433-1438

(70) , ,
, ,(2012)

(71) Adachi K., Gofuku A.,and Yano T., “Simulation of
rotation behavior of a 14-12 spherical motor”, Proc.
Speedam,(2014)

(73) , , , ,
,SEAD26

, (2014)
(74) , , ,

4 -
- ,

, (2014)
(75) , , ,

( 2 : ) ,
,Vol.80,No.809,(2014),pp.1-19

－ 152 －




