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Anthropomorphic Robot Hand with Distributed Tactile Sensor
Aiming at Platform of Robotics Researchs

Haruhisa KAWASAKI*, Kazunao UCHIYAMA and Tuneo KOMATSU

** Gifu University, Dept. of Mechanical and Systems Engineering,
1-1 Yanagido, Gifu, 501-1193 Japan

This paper presents an anthropomorphic robot hand called Gifu Hand II to be used as a platform
of robot hand for robotics rearches. The Gifu Hand II has 5 fingers driven by servomotors built in
hand. The thumb has 4 joints with 4 degrees of freedom (DOF), the other fingers have 4 joints with
3 DOF, and two axes of joints near the palm cross orthogonally at one point like the human finger.
It can equip 6 axes force sensor at each fingertip and a developed distributed tactile sensor with 624
detecting points on its surface. The design concepts and the specifications of the Gifu Hand II and
the basic characteristics of the hand with force sensor and tactile sensor are shown. These show that
the Gifu Hand II has a high potential to perform the dexterous object manipulation like the human

hand.
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Fig.1 Developed Gifu hand II

Table 1 Specifications of the Gifu Hand 11

finger 0.19 [kgf]
weight thumb 0.24 {kgf}
total 1.4 [kgf]
Ist joint -15~ 15 [deg]
operating angle of | 2nd joint 0~ 90 [deg]
joints 3rd joint 0 ~ 90 [deg]
4th joint 0~ 90 [deg]
output force at thumb 4.9 [N]
the fingertip finger 2.7 [N]
1st joint 3.46 [Nm]
output torque of | 2nd joint 3.46 [Nm]
the thumb 3rd joint 0.23 [Nm]
4th joint 0.03 [Nm]
1st joint 549.56:1
gear ratio of the | 2nd joint 384.69:1
thumb 3rd joint 73.43:1
4th joint 64.62:1
Ist joint 8.6 [Hz]
band width of the | 2nd joint 7.5 [Hz)
thumb 3rd joint 98m4
4th joint .3 [Hz}
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Fig.2 Mechanism of the thumb and the finger

Fig. 3 Structure of the left hand
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(1) Equivalent stress distribution

Fig. 5 Finite element analysis of No.1 gear head housing

(2) Deformation

Table 2 Examples of safety factor

No.1 No.2 No.3
Gifu Hand |
equivalent stress 7.6 62.8 7.7
shearing stress 7.5 60.8 6.8
Gifu Hand 11
equivalent stress 12.5 35.5 11.9
shearing stress 18.3 31.8 10.8

No.1 : gear head housing of first and second joints

No.2 : force sensor bracket

No.3 : gear head housing of the third joint

Table 3 Characteristics of distributed tactile sensor

number of detecting points total 624
palm 312
thumb 72
finger 60

maximum load 7.4x10" [N/m?]

electrode width 2 [mm]

column pitch 4 [mm]

row pitch 6 [mm]

sampling cycle 10 [ms/flame]

resolution 8 [bit]

thickness of sensor sheet 0.1 [mm]

weight 12.5 [gf]
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Fig. 6 Distributed tactile sensor
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Fig. 7 Hysteresis characteristic curve of tactile sensor

40
5 35
3
o
3 30
=]

25

0 50 100 150 200 250 300
time [s]

Fig. 8 Creep characteristic curve of tactile sensor
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Fig. 9  The Gifu hand II with five 6-axes force

sensors and the tactile sensor (1) Sperical object

(2) Cylindrical object
Fig.11 Output patters of tactail sensor
by thr Gifu Hand 11
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Gifu Hand II
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Fig.12 Hand control system
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Fig.13 Step responces of the thumb
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