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100 [g]-100 [N] Robot Finger with Load-Sensitive Continuously Variable Transmission

Takeshi Takaki*

and Toru Omata*

This paper shows a 99 [g] finger joint that can exert a very strong fingertip force of more than 100 [N]. We have

proposed a simple and small load-sensitive continuously variable transmission (CVT), which consists of five links and

a torsion-coiled spring. The maximum fingertip force of our previous finger was limited by the mechanical strength

of its links and bearings, not by the power of its DC motor. If the machine strength can be improved, a much greater

fingertip force can be expected. To design a lightweight CVT with sufficient mechanical strength, we analyze the

internal force of the CVT and select light plain bearings.

We also analyze the stress by using the finite element

method and select the materials of its links. Experimental results verify that the maximum fingertip force is more

than 100 [N] near the singular configuration of the CVT and the maximum angular velocity is more than 550 [deg/s].

These motions are impossible without the CVT. We also developed a very light shape memory alloy brake of 0.56 [g].

The CVT with the brake can hold a fingertip force of more than 100 [N] not only near the singular configuration.

The electric energy consumed by the brake is much less than that by the DC motor.

Key Words: Robot Hand, Finger, Gripper, Continuously Variable Transmission. Load-sensitive
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Fig.5 Configuration of the four-bar linkage
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Table 1 Maximum and allowable load and weight of each bear-
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Fig.8 Mises and allowable stresses

Table 2 Maximum and allowable stresses and weight of each

link

Components ~ Maximum[MPa] Allowable[MPa] Weight/[g]

Link1 434 505 5.8

Link2 276 505 0.70

Link3 472 505 33

Link4 164 275 3.3

Link5 219 275 7.5

Stress[MPa]

;, 500

400
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& 200

Maximum Mises stress (472[MPa])
Fig.9 Mises stress of link3
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Fig. 10 Developed CVT

Table 3 Weight of the finger

Components Weight[g] | Components Weight|g]
CVT 24 Mechanical structure 12
Harmonic drive 25 DC motor 27
Belt and Pulley 2.4 Screw, etc 8.8

Fig.11 Ratio of the link lengths
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Table 4 Weight of the brake

Components Weight|[g]
Brake disk 0.23
Torsion coil spring 0.06
Shape memory alloy 0.15
Mechanical structure 0.12
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Fig.16 Experimental result of fingertip force

Fig.17 Developed finger holding a 10 [kg] load
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