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Development of a Five-fingered Robot Hand using Ultrasonic Motors and
Elastic Elements

Tkuo Yamano*! and Takashi Maeno*?

A robot hand imitating human hand is developed. The robot hand is driven by a new method proposed by authors
using ultrasonic motors and elastic elements. The method utilizes restoring force of elastic element as driving power
for grasping an object, so that the hand can perform the soft and stable grasping motion with no power supply. In
addition, all the components oare placed inside the hand thanks to the ultrasonic motors with compact size and high
torque at low speed. Applying the driving method to multi-DOF mechanism, a five-fingered robot hand is designed
and implemented. It has equal number of joints and DOF to human hand, and it is also equal in size to the hand of

average adult male. The performance of the robot finger is confirmed by fundamental driving experiments.
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Table 1 Movable ranges of joints [deg]

Fingers Thumb
MP1 joint -30~80 TM1 joint 230 ~ 90
PIP joint 0~ 100 MP joint -20 ~ 80
DIP joint 0~90 1P joint 10 ~90
MP2 joint 0~30 TM2 joint 0~80
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Fig.10 Frequency response of robot index finger
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Table 2 Comparison of specification of robot hands

Name Fingers DOF Weight[g] mlg::il;gglsm
Developed robot hand 5 20 853  Built-in actuator
HRP hand[1] 4 12 910  Built-in a;g;;igr :
WENDY hand|[2] 4 13 1700  Built-in actuator
DLR hand I[3] 4 13 1800  Built-in actuator
Gifu hand[9] 5 16 1400  Built-in actuator
Utah/MIT hand[6] 4 16 - Wire-driven
Shadow hand[7] 5 21 - Wire-driven
Stanford-JPL hand[8] 3 9 - Wire-driven
Anthrobot hand[10] 5 16 4500 Wire-driven
Robonaut hand[11] 5 12 - Flex shaft

s ELTHEYNTHY, ta—< /4 FaEy "OEHC~
A AL =T VAT L L DEBREOER L E, ERNE
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2 & BEIBIERER, EIRIRIEIC X o TH S 2R % BV 72 1)
HEAT) Bdr, TERONY FPERTE LD o7 L) e -
FAEE ORI N OB EL EB L, Ffr - Efr - 245t
KENLABOBEERBIEREZFHATLIELDNTELEEZD
ns.

AOKy bV FETAY - AL—T Y ATFLELTHIEL
7Y DEBEAEIE OGRS, B2 DHIE IOV T oA
HRGEE, BT Ry by K LTHWZESEOEFIETTEOR
AIAHBOBETH L. Tz, KNV FEESIZAMOTIE
DT B720121F, BRy b7 — A0k, oML, &
BBLIUMEL Y TOEEEZ T T RLENHLLEZLN
b, AEWEREL, WEEHSLIHENAHEICMT 2 720 Ot
AT S LD SRBROFPETH .

6. & H 1 (Z

AWFFETIE, BERE— Y EHBERE W 58Ky b

NY REBSE L. RS FOEBIZLUTOEY Thb.

1) NoFLAEFEOHAX2H/LTEY, FIRIF 86 mm] T
H5.

(2) 77F2x—FHPNEHICREE LB S LD

(38) 7/ Faz—yHNEHNY FOFRTIIIRAD 53 20 AH
ExH7T5.

(4) HEIL853[g] THY, fEROBERY by FEIbER L C#
m=ETH5.

(5) MWHERICLY, KMEBHIEIZENLI Y TIAT A%H
T5.
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IR |

(6) HErHR b VT HRLBE LRV,

(7) WEWE—Y Z2MBEBHHTLZ LX) 2 ERTE 5.
(8) FMEEONHIFOBRIZ, BEWRE— 7 ~OENIMERE LD

52 ET, MUBEZEOBETIIC L B2 LW A T
HIENTED,
(9) RROBRBEHICE BT 5 ZBEH O/ gl 5.4 [Hz] b
ETHYy, AU LEosm®EMELEHRTES.
BHEET 2NV OHRTH 5.
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