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Development of a New Multi-Fingered Robot Hand Using
Ultrasonic Motors and Its Control System
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Abstract : In this paper, a new multi-fingered robot hand using ultrasonic motors and its control system are developed.
The developed robot hand has four fingers and fifteen articulated joints. The distal joint of each finger is directly driven
by ultrasonic motor and all joints except the distal joint has low transmission gear mechanism with the motor. The
developed robot hand has several advantages in size compared to a hand using conventional DC motors, and in
performance compared to a hand using tendons to drive joints. A VME-bus based hand control system and ultrasonic
motor driver are also developed. The performance of the hand is confirmed by using the developed control system in
real-time.
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Fig.. 1. The developed multi-fingered robot hand.

A 2R e TEAL £/ B FHE I
o 23 oz, 2¥ &7l BATY 2 A7EE

Ade 28 29 1% HEAG P 28 30 e
9act.

o

_%r-lo

ag 2. 9A &Y uw 2E

Fig. 2. Internal structure of thumb.
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Table 1. DOF of the robot hand.

3 & Flexion-Extension |Adduction-Abduction
PR &7ter 2 1
#HA &7t 3 1
FA &7t 3 1
oz £7bed 3 1

2 2 &9 H3 FevE.
Table 2. Link parameters of the robot hand.

&nir] J=2 4ol (mm)
L1 7
L4, L8, L12 7
L9 62
L3, L7, L11, L15 35
L2, L5, L13 56
L6, L10, L14 41
al 80
az, a3 45

3 3. 74 €718 2% WY (99 Zm).
Table 3. Motion range for each finger(unit: degree).

5 DIP PIP MCP CMC
F | E F E F E | Add | Abd
44 | - - 9 | 70 | %0 | 70 45 45

AA 190 | 70| 90 | 70 | 90 | 70 | 45 45
FA 19 |70 |9 | 70 | 9 | 70 45 45
A | 90 | 70| 90 | 70 | 90 | 70 45 45
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Fig. 3. Kinematic structure of the robot hand.
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Table 4. Specification. for the ultrasonic motor

(USR30-B3).
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A4 E=5(W) 1.3
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3 e CwW, CCW
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E 5 2R &9 Y Adgn.

Table 5. Transmission ratio of the robot hand.
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Fig. 4.. Block diagram for driving ultrasonic

motor.
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Fig. 9. VME-bus based robot hand control
system.
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Fig. 11. Response to gate function(2nd joint).
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Fig. 12. Response to ramp function(Z2nd joint).
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Fig. 13. Response to sinusoidal function(2nd joint).

40 Desired trajectory of 3rd joint =
30 Actual trajectory of 3rd joint =~~~
20

10

g
hoA
P
L2 (1 =
D Fe St N ST hse
£ I : ' :
Z 10| % & % KN
£ £y 7 ® 2
= K H % K

-20 5, EXN e 5 3

-30

-40

0 2 4 6 8 10
Time(sec)

ad 14 ¥ SH(EA 3).
Fig. 14. Response to gate function(3rd joint).
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Fig. 16. Response to sinusoidal function(3rd joint).
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