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Dynamic analysis method for an electromagnetic linear actuator under the PID control
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We have been studying a new electromagnetic linear actuator for android using Halbach array of magnets. In this
paper, the dynamic analysis method under the PID control is proposed employing the 3-D finite element method. This
method is applied to compute the dynamic response when the positioning control is active. The validity of the analysis
is verified through the comparison with the measurement of a prototype.
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Basic structure of an electromagnetic linear
actuator.
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Fig.2  Operating principle.
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Fig.3  Android and arm with air cylinders.
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Fig.5  System configuration of the prototype.
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Fig.7  Block diagram of PID control.
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System configuration of the servo system.
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Fig. 8  Block diagram of PI control.
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Fig.9  Flowchart for dynamic analysis under PID control.
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Tablel  Maximum velocity and acceleration.
Stroke | Maximum velocity | Maximum acceleration
(mm) | (m/s) (m/s”)
0.8 0.02 2
1.6 0.02 1
32 0.05 1
Table2  Analysis conditions.
Number of turns (Turns) 525
Resistance () 5.1
Mass of mover (g) 238
Static frictional force (N) 0.21
Viscous damping coefficient (N -s/m) 2.0

Computer used: Core 2 Extreme (3.00GHz) PC

Finite element model.

Fig. 11
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Table3  Discretization data and CPU time.
Number of elements 476,736
Number of nodes 92,686
Number of edges 595,049
Number of unknown variables | 518,168
Number of time steps 2,281
Total CPU time (hours) 138.7
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Fig. 12 Measurement system for dynamic characteristics.
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