121

BEEREN B IC 50 B/ NRTERRIE N RS PE R D FAFE
BORIER T - STEEAIA 2 « /) VhATERA 8

U || TRIAENA T I U —F o Z—
2 || TRIRZE I
3 BRI KREHE T

Development of Small Nonlinear Spring Tensioning Device
on Tendon-Driven Mechanism

Hirokazu NOBORISAKA!, Kazuhito HYOUDOU?, Hiroaki KOBAYASHI®

Abstract

When a robot moves flexibly similar to humans do, the robot must be equipped adjustable joint stiffness.
This adjustment is difficult for almost robotic mechanisms because they do not have enough back-drivability
nor can adjust their elasticity. On the other hand, tendon-driven mechanism has some nonlinear spring
tensioning devices (NST) at end of the tendons which are necessary to implement the elasticity adjustability.
However the conventional coil spring type NSTs has complicated structure.

For these reasons, we develop a new smaller and simpler NST using leaf spring instead of coil spring, which
is called ”INST”. In this paper, first, we show structures of conventional NST and INST for comparison.
Next, calculation of its property using algebraic solution and measurement results of this device are shown.
Finally we conclude the results of measurements of INST and future works.
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Figure 1: Tendon-driven mechanism with 2 joints and 5
tendons
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Figure 2: Structures of general NST and leaf spring type
NST(INST)
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Figure 3: Stiffness property of conventional NST
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Figure 4: Bending curve of leaf spring
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Figure 5: Wire tensile forces and bending force of leaf
spring
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Figure 6: Structure of INST
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Table 1: Initial parameters
a 0.046 [m] | t 0.0005 [m]
h 00170 [m] | b 0.0100 (m]
n 0003 [m] | E 207859x 10° [N/m?]
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Table 2: The relation between the length of a leaf spring
and approximeted wire stiffness (unit of wire
stiffness k¢, ktmax, ktmin is N/m)

{[m] Ky ktmax  ktmin  Ktmax — Ktmin
0.025 | 35.67f:+2521 4305 2521 1784
0.030 | 44.67f:+1327 3561 1327 2234
0.035 | 44.29f,+722.6 2937 722.6 2214
0.040 | 30.34f:+469.3 1986 469.3 1516
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Figure 7: Experimental INST structure
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Figure 8: Wire stiffness of INST no.1
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desired wire stiffness ke = 44.67 f; + 1327

19
measured wire stiffness k: = 47.79 f; + 1069 (19)
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Table 3: Experimant results

Maximum Error 260.7 [N/m]
Minimum Error 114.9 [N/m]
Average of Error 172.5 [N/m]
Volatility 0.84523
Standard Deviation | 50.90
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Figure 9: Wire stiffness of INST no.2
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