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Development of Rotor Embedded Disk Type Multidegree-of-Freedom Spherical
Ultrasonic Motor
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Hideki TAMURA, Takahiro TAKANO, Tohoku Institute of Technology

In this paper, we propose a novel rotor embedded disk type multi-degree-of-freedom (MDOF) spherical
ultrasonic motor (SUSM). The MDOF-SUSM consists of a spherical rotor and a stator vibrator with all-in-one
structure, the spherical rotor is embedded in a stator vibrator with a spherical inner surface, and a motor shaft is
mounted on the rotor. The stator vibrator with piezoceramic disks and plates stuck on its surfaces can excite five
vibration modes, independently and simultaneously. The spherical rotor of the motor can rotate around three axes by
combining two vibration modes among the five vibration modes. This paper describes the basic construction and the
operating principle of the rotor embedded type MDOF-SUSM, modal analysis results about the stator vibrator, and
some measurement results from the first trial manufacture to verify the operating principle and research the Z-axis
rotation. The MDOF-SUSM in this study has possibilities of a simple structure, compact and small size, lightweight,

and a large torque-to-weight ratio.
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Stator vibrator and
spherical rotor with
all-in-one structure.

Fig.1 Assembly and component parts of rotor embedded
type MDOF-SUSM.
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Fig. 2 Modal analysis result: (2) R;-mode, (b) By;-mode,
(c) ((1,1))-mode.
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(b) Z-axis rotation of the rotor.
Fig. 3 Operating principle of rotor embedded type

MDOF-SUSM.
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Fig. 4 Arrangement of electrodes of the piezoelectric disks
and plates under the sandwich structure.
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Tabel I. Combination of electrodes and vibration modes.
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z +Port D $=0 +((1,1))’-mode

Fig. 5 Stator model and parameters for FEM analysis.
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Fig. 6 Simulated resonant frequency vs. parameters of stator.
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Fig. 7 The cross profile of motor with all-in-one structure.
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Fig. 8 Component of SUSM in the first trial manufacture.
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Fig. 9 Input admittance characteristics [((1,1))-mode].
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Fig. 10 Maximum torque and applied voltage on Z-axis rotation.

Tabel Il. Comparison of rotor embedded type and sandwich one
MODF-SUSM.
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Diameter Stator 39.0 58.0
[mm] Rotor 20.0 25.4
Max torque X(Y) 58.04(80) —
[mNmM] (Vpp) z 45.6(140) 15.14(190)
Torque/Weight X(Y) 0.703 —
[Nm/kg] z 0.552 0.049

Fig. 10 & Table 1 iZ, ¥ A v F% MDOF-SUSM™ & A&
W CEE L7z 1 — Z iR AT MDOF-SUSM Dt K kL7 Dby
B2 oRT, AL D MDOF-SUSM DIRE) A B4y D
NMEEHZY O ML IEH > KA » FH MDOF-SUSM X 0 /)
SV ERGhoTz, TOERELTUTOERN™HIT LN
5

®  AEIOERIIT T —F ik AE MDOF-SUSM D] T

OFERTHY, — R ECu—% O TERENIE
FICHEL VY, B— % ORIEFIEORFHIK X 23ET
3?:» %, ASEOEEBRLIZIA T —ZIEE+ & ke —4 ¥
JE/NEWY, BB RKRE WD, K& M7 BEL
ngnkE2 N5,

®  Fig. 7ITRT AT — X IRE)F O BHI$ T SUS403 T

bHb, EEIFENTLZLICE > TE—X DU ERE
b=V b7 leoTo, IROWFFRELREE LT
Fig. 7 I\ZIREVF D7 D0 ZE Sy O EHIE N T L 2
BEFMEFAL TE—2 23 ET 5,

5. 8HYIc

ARG TE L L FHE TR AT Bk MDOF-SUSM T,
HA 7oA E CE— X OB —T A 2{bEFEB T 5, BIERET
1%, v—Z{ix AT MDOF-SUSM D [5FEHIE ORI L Z $Eh
BIEEDOMF DT, BIE LTz, AT —ZE#F0 E FREIC
e PZT EE P%)i%ﬁwﬁ ¥, 4 55E ént%@bﬂfﬁmﬁbi&
BLONHOGIY B2 , BRefRu—#13 Z AT moE
e EH L, &I, %—&@@11@@@%%%@ Z ffoo[a]
HEFEZ AL Lz, PHENNSWED, KER AV IRN
Boniemnois,

LtkiE, AT —ZEB O —RILRIMER LR X O EFRE
FiEEHR L, %5k L7=~1ET MDOF-SUSM Z:&fEL, FEB
MR FiETE—X OMWREEZ AL MNCT D, Fiz, T—X DE
BREEME - WAE « m RV 2 b7 E OMREE IS OV TR
Do

X B
[1] J. Wang, K. Mitchell, G. W. Jewell and D. Howe, “Multi-degree-of-

freedom spherical permanent magnet motors,” Proc. Int. Conf.
Robotics and Automation (ICRA2001), Vol.2, pp.1798-1805, 2001.

[21 REFENE, ACRHZENE, BELE, saoRfEAs, <2 B e Bk F
E—X OB¥”, HARAEMFERGEE vol.17, No.l, pp.29-34, 2009.

[3] T. Amano, T. Ishii, K. Nakamura, and S. Ueha, “An ultrasonic actuator
with multi-degree of freedom using bending and longitudinal
vibrations of a single stator,” in Proc. 1998 IEEE Ultrason. Symp.,
pp.667-670, 1998.

[4] S. Toyama and S. Hatae, “Multi degree of freedom spherical ultrasonic
motor,” Proc. Int. Conf. Robotics and Automation (ICRA1995), \ol. 3,
pp. 2935-2940, 1995.

[5] Y. Goda, D. Koyama, and K. Nakamura, “Design of Multi-Degree-of-
Freedom Ultrasonic Micromotors” Jpn. J. Appl. Phys., Vol. 48,
pp.07GMO06-1-4, 2009.

[6] T. Takano, Y. Tomikawa, and C. Kusakabe, “Same phase drive-type
ultrasonic motors using two degenerate bending vibration modes of a
disk,” IEEE Trans. Ultrason. Ferroelectr. Freq. Control 39,
pp.180-186, 1996.

[71 M.Aoyagi, T. Ogasawara, Y. Tomikawa, and T.Takano,
“Multi-degree-of-freedom ultrasonic actuator employing multi-
vibration modes of a disk,” in Proc. 7th Int. Conf. New Actuators
Germany (ACTUATOR 2000), pp. 399-402, 2000.

[8] M. Aoyagi, S. P. Beeby, and N. M. White, “A novel multi-degree-of-
freedom thick-film ultrasonic motor,” IEEE Trans. Ultrason.
Ferroelectr. Freq. Control 49, no.2, pp.151-158, 2002.

[91 M. Aoyagi, T. Nakajima, Y. Tomikawa, and T. Takano, “Examination
of disk-type multidegree-of-freedom ultrasonic motor,” Jpn. J. Appl.
Phys., Vol.43, pp.2884-2890, 2004.

[10] B. Lu, M. Aoyagi, T. Takano, and H. Tamura, “Examination of
Sandwich-Type Multidegree-of-Freedom Spherical Ultrasonic Motor,”
Jpn. J. Appl. Phys., \Vol. 49, No. 7, pp. 07HE24-1-7, 2010.

No. 11-5 Proceedings of the 2011 JSME Conference on Robotics and Mechatronics, Okayama, Japan, May 26-28, 2011
1A2-F08(4)



