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Attitude Determination and Motion Planning of Robotic Architecture for Restraining Strain Energy

o D0ODOOUOY ooooo?
Yuichiro ISHII and Daigoro ISOBE

Hnodo O0bOO0bOO0o0000000277-8539 DO0bOO0bOO0oO0o0o0Oosgoobo
200 0000000 00D00000305-873 00O OO0O0OODO0OL-1-1, isobe@kz.tsukuba.ac.jpO

This paper describes a new way of attitude determination and motion planning of robotic architecture by aiming
restraint of total strain energy stored in the architecture. By using this scheme, a robotic architecture can avoid
yielding of its constituting link members. In the motion planning, 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 Finite Element Method (FEM), and an attitude for restraining total strain energy is searched by Direct
Search Method. Some numerical tests are carried out with a truss-type robotic architecture and a 3-link manipulator,
and the results show a possibility of using strain energy as a new parameter for attitude determination and motion

planning.
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Fig.1 Linear Timoshenko beam element and its physical
equivalent
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Fig.2 Direct Search Method
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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 Obtained attitude and transition of total strain
energy (@ =0.003, k;=0.8)
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Fig.5 Obtained attitude and transition of total strain
energy (@ =0.003, k= 0.5)
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Fig.6 Obtained attitude and transition of total strain
energy (@ =0.01, k;=0.8)
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Link material: Aluminium
Link section: 1 ecm X 1 cm
Link length: 20 cm R
Moter mass: 1.0 kg R
Joint 1 Load: 10 kg ; "d_

Fig.7 3-link manipulator  Fig.8 Target trajectory
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Fig.9 Obtained motion plan and transition of total
strain energy (k, = 0.8, k;, = 0.5)
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Fig.10 Obtained motion plan and transition of total
strain energy (k, = 0.8, k= 0.2)
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Fig.11 Obtained motion plan and transition of total
strain energy (k, = 0.5, ky = 0.5)
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