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Attitude Determination and Motion Planning of Mechanisms
with Structural Safety as Priority

— Proposal of Feeble Robotics —

ODaigoro ISOBE (Univ. of Tsukuba) and Yuichiro ISHII (Sankyo Frontier Co., Ltd.)

Abstract: In this paper, a new way of attitude determination and motion planning of robotic architecture for
avoiding structural failure by restraining total strain energy stored in the architecture is described. It leads to a
concept of feeble robotics, where robots are encouraged to protect themselves from destruction rather than to
accomplish the given tasks. In the proposed motion-planning algorithm, when the risk of member yielding becomes
higher while the robot is in motion, a safer attitude for restraining its total strain energy is searched. At the next step,
a new trajectory is created, beginning with the obtained attitude, and ends with the final target which is initially
given. The procedure is repeated until a converged attitude is obtained. Risk for member yielding and total strain
energy are calculated by using the Finite Element Method (FEM), and an attitude for restraining total strain energy
is searched by using the Direct Search Method (DSM). Some numerical tests are carried out with a truss-type robotic
architecture and a 3-link manipulator, and interesting results are obtained by changing the judgment and target

levels of structural parameters.
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| Up: Total strain energy at initial attitude
I U : Critical value of total strain energy

Uj: Total strain energy at step s
ky: Target level of total strain energy

a : Norm for DSM
A': Incremental value of searching variable

Apply DSM
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Fig.1 Attitude-determination algorithm with structural safety as priority
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Fig.2 Motion-planning algorithm with structural safety as priority
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Pin joint

Lateral link: 24 cm

Brace link: 33.94 cm

Linear actuator (D ~@)

@X Standard length: 24 cm
Expandable ratio: 0.9~1.1

@

Link material: Aluminum

@ Sectional area: 1.94 cm?

Fig.3 Truss-type robotic architecture
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Fig.4(b) Obtained attitude and transition of
total strain energy (kv= 0.5)
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Fig.5 3-link manipulator
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Fig.6(a) Obtained motion plan (case A)
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Fig.6(b) Obtained motion plan (case B)
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Fig.7 Transition of total strain energy
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Fig.8(a) Obtained motion plan (case C)
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Fig.8(b) Obtained motion plan (case D)
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Fig.9 Transition of total strain energy
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