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Development of a Tendon Driven Robot Hand Using a Pneumatic Balloon

Jun-ya Nagase”, Norihiko Saga”

The development of a robot which is gentle to people in nursing and welfare has been concerned about more and more

toward the aged society. For a robot in often contact with people and requiring safety and flexibility in nursing and

welfare, the development of a soft actuator that is compact and lightweight has been urged. In particular, robots, which are

intended for use in the field of medical care and welfare, should be safe for the human environment as they often come

into contact with people. The robot hands are required to have dexterity similar to human hands, and be able to perform

complicated movements. Therefore, they differ from industrial robot hands in the weight, freedom of movement of joints,

and flexibility.

Then, we have devised a tendon drive system using flexible silicone rubber material. Moreover we have developed a

robot hand using tendon driven system, which is lightweight, flexibility and has the same degree of freedom as biological

human hands. This study will report on driven mechanism and biomechanical characteristic of the flexible and lightweight

tendon drive system. It will also report on the basic structure and driven mechanism of the robot hand that the tendon

drive system is installed.
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Fig. 1 Characteristics of a tendon-driven system and
another actuator
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Table 1 Characteristics of tendon-driven systems and ancther actuator

Power | Stroke| Mass | Power | Stroke
[N] | [mm] | [kg] [/Mass |/Mass
Pneumatic Cylinder*1 17 20 [0.106| 157 | 385
Oil Cylinder*2 34 10 | 043 | 80 24
Cylinoid*3 49 30 [ 0.06 | 817 | 500
Tendon-driven|Long-stroke type | 27 80 |0.062| 430 | 1290
system High-powertype 76 40 |0.062| 1225 | 645
Pneumatic artificial muscle*4 59 7 10.115]| 511 61
AC Servo motor*5 80 0.4 | 200
DC Servo motor*6 23 0.275| 83
*1 CDAI12 X 20, Koganei *AMAS10, Festo AG & Co, KG.
*2 210N-1S20 10, Telyo TekkoCo, Ltd. +5 AIPO30-AA, Oriental Motor Co, Lidl
*3 CA32, Carmecen Co, Lid *6 3557K012CS, Faulheber Gmh & Co, KG.

Fixing point ~ Balloon
(a) Long stroke type

Balloon
(b) High power type

Fig. 2 Configurations of developed two types of tendon driven
system

Table 2 Specification of a balloon
Material Silicone rubber
Length 25mm

| Long diamter Short diameter
Outer diameter  21.0mm 9.0mm
Inner diameter 17.8mm 5.8mm

(a) Before supplying air (b) After supplying air
Fig. 4 Photograph of top view of the tendon driven system
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Fig. 5 Experimental setup
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Fig. 7 Relation between the external length of the balloon and
displacement of tendon-driven systems
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Table 3 Specification of each joint of a proposed tendon driven
robot hand

Output force  |Finger 5.4 N
Thumb 3.8
Output torque |Finger |DIP joint | 0.03 | Nm

PIP joint | 0.11
Mpjoint 0.29
Thumb|IP joint 0.05
MP joint 0.13

Operating angle[Finger [DIP joint | 0~72 |deg.
PIP joint | 0~78
MP joint | 0~26
Thumb [IP joint 0~27
MP joint | 0~31

(a) An initial state

(b) Grasping of a paper cup
Fig. 13 Prototype of a tendon-driven robot hand
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