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Development of General-Purpose Feed-Forward Control System for Link Systems
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In this paper, a general-purpose feed-forward control system for link systems is developed using the parallel
solution scheme of inverse dynamics. The dynamic equations of complicated link systems are hard to conduct by
generally used schemes such as the Newton-Euler method or the Lagrangian method, since the equations include
interdependent variables between the constituting links. In the parallel solution scheme, the joint torque is calculated by
converting the nodal forces, which is evaluated by equations of motion in a matrix form. Therefore, information of the
entire system is handled in parallel, and it makes easier to deal with such complicated systems as structure-varying
multi-armed manipulators. Some experiments are carried out using a structure-varying multi-armed manipulator to
verify the practicability of the feed-forward control system using the parallel solution scheme.
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Fig. 1 Structure-varying multi-armed manipulator
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Table 1 Dynamics parameters of each motor

J [kgm?’] | D [kgm?s] f. IN]
Joint 1 1.350x10* | 1.910x10° | 1.662x107
Joint2~5 | 1.053x10° | 3.618x10° | 1.778x107
Table 2(a) Parameter of the link system

Parameter Value
Length of rigid link unit [m] 0.120
Length of connector unit [m] 0.020
Link mass [kg] 0.183
Connector and motor mass [kg] 0.713
Extra mass[kg] 0.157

Table 2(b) Parameter of the flexible link

Table 3(a) Feedback gain of series link (FF+FB

K, [Nm/rad] Kp [Nm/rad]
Joint 1 15.0 0.000
Joint 2 0.50 0.005
Joint 3 0.40 0.005
Joint 4 0.30 0.005
Joint 5 0.25 0.003

Table 3(b) Feedback gain of series link (FB

K, [Nm/rad] Kp [Nm/rad]
Joint 1 13.0 0.030
Joint 2 0.50 0.002
Joint 3 0.50 0.001
Joint 4 040 0.001
Joint 5 0.30 0.001
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Stainless Link | Aluminum Link
Length of link unit [m] 0.31 0.22
connlgz?ogrt I1111(1)i£ [m] 0.02 0.02
Link mass [kg] 0.061 0.017
Young’s modulus [N/m?] 2.0x10" 6.9x10"
Geom@tricz.il moinent of 2.917x10™12 2.5%10712
inertia [m”]
Damping coefficient a 0.1 0.0005
Damping coefficient 8 0.1 0.001
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Table 4(a) Feedback gain of rigid branch link (FF+FB)

K, [Nm/rad] Kp [Nm/rad]
Joint 1 1.50 0.001
Joint 2 1.00 0.001
Joint 3 0.70 0.001
Joint 4 0.30 0.001
Joint 5 0.30 0.001

Table 4(b) Feedback gain of rigid branch link (FB)

K, [Nm/rad] Kp [Nm/rad]
Joint 1 10.0 0.100
Joint 2 1.50 0.001
Joint 3 0.70 0.001
Joint 4 0.30 0.001
Joint 5 0.30 0.001

Table 5(a) Feedback gain of flexible branch link (FF+FB)

K, [Nm/rad] | K, [Nm/rad]
Joint 1 1.5 0.001
Joint 2 1.0 0.001
Joint 3 1.0 0.001
Joint 4 0.1 0.001
Joint 5 0.1 0.001

Table 5(b) Feedback gain of flexible branch link (FB)

K, [Nm/rad] | K, [Nm/rad]
Joint 1 8.0 0.001
Joint 2 3.0 0.001
Joint 3 3.0 0.001
Joint 4 0.1 0.001
Joint 5 0.1 0.001
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