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Kineto-static Mechanical Synthesis

for Nonlinear Profile Design of Passive Stiffness Using Closed Kinematic Chain

and Its Application to Landing Mechanism for Impact Absorption

Masafumi Okada* and Jun Takeishi*

To prevent the human injury or breakage of the robot caused by interaction or collision between the robot and

its environment, it is an important issue to introduce robot softness. However, because not only softness but also

stiffness is required for precise task execution, the simultaneous realization of softness and stiffness using time varying

stiffness is required in the real environment. We focus on that the robot is accompanied by motion, and propose

a realization method of time varying stiffness using robot motion and nonlinear passive stiffness.

To realize the

purpose-oriented profile of the time dependent stiffness, the nonlinear profile of the passive stiffness has to be ar-

bitrary designed considering the robot dynamics.

In this paper, we propose a nonlinear profile design method of

passive stiffness based on kineto-statics with closed kinematic chain. The mechanism is synthesized based on the

optimization of the generative force or torque, and the purpose-oriented stiffness is realized. The proposed method

is evaluated by simulations and experiments using a prototype of landing mechanism.
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Fig.1 Nonlinear spring
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Fig.2 4-bar link mechanism and its motion
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(b) Optimized configuration

(a) Initial configuration

(example 1) o
(c) Optimized configuration
o (example 2)

Fig.3 Example of mechanical synthesis of 4-bar link
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Fig.4 Torque profile in example 1
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Fig.5 Torque profile in example 2
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Fig.6 Leg mechanism for impact absorption

Fig.7 Leg part mechanism with kinematic constrain
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Fig.12 Model of the mechanism

= 0.4 _
= & h=0.05
g 5 801 "
<03 & i =
S o 40 AL
z BTN
e {:7?' b
T 02 0
0 0.5 1 1.5 0 0.5 1 15
Time[sec] Time[sec]
=04 —
£ h=015m | Z e[ h=0.15m
) (N SN IR\
:; 03 ..' / 5 baae” _— 540 /'/ \ S
: I\/ R e
2 S0 R
=02
0 05 1 s 0 05 .5
Time[sec] Time[sec]
=04 _ "
£ SN h=030m | Zgo S h=0.30m
B F A Pt - A
. ¥ RN LT e IR -
203 \ "/ \ T8 A7 ™ N
g g \':. / o E 40 "h" / “‘. G
EIRRY o UM
=02
0 0.5 1 1.5 0 0.5 1 15
Time[sec] Time[sec]

Fig.13 The height of body and the ground force in simulation
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Fig.17 Landing experiment
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