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Calculating Trajectories for Flexible Manipulators by Using Finite Element Method

O hnjg rgfD,

PR R

Akihiro KATO and Daigoro ISOBE

DB R FRFBE
2) T il

(T305-8573 IR I KEHE1-1-1, akato@kz. tsukuba. ac. jp)
W RFEhEEZ BERE T 5% (T305-8573 HIRIE D < IEMHKEHR1-1-1, isobelkz. tsukuba. ac. jp)

In this paper, a scheme using the Finite Element Method (FEM) for calculating trajectories of flexible
manipulators is proposed. The trajectories are required in inverse dynamics calculation using the formerly
developed parallel solution scheme, where the inverse dynamics can be easily calculated regardless of the rigidity or
the connectivity of the constituting link members. The proposed scheme is formulated based upon the principle of
virtual work in consideration of motion of the entire system, by dividing nodal displacements into values of
operation distance and deformation. It enables us to discuss on forces generated by rotational motions. The cubic
beam element based on the Bernoulli-Euler hypothesis is used for modeling link members in order to improve
accuracy against elastic bending deformation. In this paper, some numerical tests and experiments are carried out on
a simple flexible link system, and the results are compared to show the validity of the proposed scheme.
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Fig.1 Target trajectory obtained by FEM
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Fig.2 Numerical estimations
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Fig.3 1-link flexible manipulator used in
the experiments

Fig.4 Connected joint
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Fig.5 Numerical estimation on time increments
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Table 1(a) Parameter of Link member A (Acrylic

plastic)
Parameter Value
Length: L [m] 0.4
Sectional area: A [m’] 0.2X10*
Mass: m [kg] 0.0952x 107!
Young’s modulus: E [GPa] 3.2
Moment of inertia- 1. m?1 A RAT X 10712

Table 1(b) Parameter of Link member B (Acrylic plastic)

Parameter Value
Length: L [m] 0.4
Sectional area: A [m?] 0.4x10*
Mass: m [kg] 0.1904 < 10!
Young’s modulus: E [GPa] 3.2
Moment of inertia: I, [m4] 1.333x 10!

Table 1(c) Parameter of Link member C (Aluminum)

Parameter Value
Length: L [m] 0.4
Sectional area: A [m?] 0.1x10*
Mass: m [kg] 0.112x 10"
Young’s modulus: E [GPa] 69.0
Moment of inertia: I, [m4] 8.333x107"®

Table 1(d) Parameter of Link member D (Aluminum)

Parameter Value
Length: L [m] 0.4
Sectional area: A [m?’] 0.2x10*
Mass: m [kg] 0.224x 10"
Young’s modulus: E [GPa] 69.0
Moment of inertia: I, [m4] 1.333x 10"
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Fig.6 Comparison of trajectories for 1-link manipulator
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