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Block diagram of feedforward compensator for nonlinear character—
istics by exact linearization method

(57) Abstract: A positioning control system (10) for an actuator (1) provided with a strain wave gearing (5) is provided with: a
semi-closed feedback controller FB(s) that controls a load shaft position 0; on the basis of a feedback motor shaft position 0n; and a
feedforward linearization compensator (11) configured by incorporating a nonlinear plant model for an object to be controlled into a
feedback linearization compensator using an exact linearization technique. The feedforward linearization compensator (11) uses a
forward-calculated state quantity estimated value x" to calculate a feedforward current instruction i‘.r and a feedforward motor posi-
tion instruction 8°,, to be input into the feedback controller FB(s). A positioning etror caused by a non-linear element (non-linear
spring property, relative rotational synchronization component, and non-linear friction) of the strain wave gearing (5) is com-
pensated for by the feedforward linearization compensator (11).
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Table 1 Specifications of prototype
maximum load torque 33 Nm
maximum load speed 120 rpm
gear ratio: NV 50
ES tooth number: zf 100
CS tooth number: z. 102
motor encoder resolution 8,000 pulse/rev.

load encoder resolution 2,880,000 pulse/rev.
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Table 2 Parameters of 2-inertia model

torque constant K 0.144 Nm/A
inertia of motor  J,,  2.87 x 107%  kgm?
inertiaofload J; 2.12x 1072 kgm?
damping of motor D,, 2.47 x 10 6 Nm/(rad/s)
damping of load D;  2.60 x 1072  Nm/(rad/s)
damping of gear Dy 0.355 Nm/(rad/s)
time delay L 1.32 ms
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Table 3 Parameters of nonlinear models

Ky  5.12x 10" Nm/rad® | Kgo 6812 Nm/rad®
Kg1 665.3 Nm/rad

A 3.85 arc-sec ¢1 —156.0 deg

Ao 9.28 arc-sec ¢2 —155.6 deg

As 2.03 arc-sec ¢3 —104.6 deg

Ay 11.49 arc-sec P4 —73.0 deg

Cm 5.36x107° Nm B, 10.0

C; 219x107%2 Nm B 500.0
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