Moving Iron Controllable Actuator: Performances
in Closed Loop Control
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Abstract:
Moving iron controllable actuator (MICA) is a highly controllable Actuator. It has a robust mobile part with
elastic guiding for a long life. The article presents the performances of the MICA when it is driven in a closed
loop and shows impressive results achieved by IDEKO on a SOLARUCE milling machine.
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Introduction
This article presents the MICA (Moving Iron
Controllable Actuator) (Fig. 1) [1] and their
characteristics under closed loop control operations.
MICA is a magnetic actuator with a high density
force, a low mass moving part and with the
capability to inverse the force with the inversion of
the current. The main technological aspects have
been chosen to get a highly controllable actuator.
The guiding is made of blades and thus avoids
friction that would introduce hysteresis. The design
is also made for a high number of cycles so that the
actuator can be used with a closed loop control with
large bandwidth. The following article presents the
characteristics of the actuator used with a simple
PID closed loop control. Results include the
response to a step order, the transfer function of the
system in open and closed loops and improvement
of milling quality in an effective industrial
application.

large frequency band. Accuracy is required in
application for accurate positioning or efficient
phase amplitude control. Accuracy is generally
obtained due to a closed loop control. When the
frequency band of the application is large, the closed
loop control requires a highly dynamic device.
Another important aspect for the MICA is the
robustness. In order to be able to resist to huge
number of actuation cycles and also possible shocks
on the end stops of the mobile part. A coil on the
mobile part has been avoided as any coil wire linked
to the fix part might be cause of failure when
submitted to long term vibrations. As well as
magnets, which are known to be brittle, have been
avoided so that no break would occur during
inevitable shock of the actuator. Thus the active
moving part is made of iron which does not suffer
from the previous drawbacks. Also the guiding is
made of bending blades to ensure a non friction
device. No friction means first low losses, high
performances and also ensures no wearing and thus
no need of maintenance of usable guiding parts.
MICA performances in open loop

Fig. 1: MICA Actuator on test
MICA Application target
The applications targeted for MICA actuators are
those which require compact design, dynamic use
and accuracy. The compact criterion is achieved
thanks to a high force to mass ratio [2]. Dynamic
use requires a high force to mobile mass ratio in
order to have a sufficient stroke response over a

Electromagnets, which are moving iron magnetic
actuators, are hardly drivable due to the variation
force versus air gap, and generally the magnetic part
is over dimensioned for compensation of the spring
force [3][4]. MICA is a magnetic actuator with a
moving part made only of iron, in which the air gap
has been shaped in order to generate a bidirectional
force of ±500N according to the current sign.
Nominal characteristics of the MICA 500L are:
Force Fn=500N, stroke Sn=10mm, voltage
Vn=500V, current In=20A. The 500N force is
obtainned for the nominal current and the force
factor of the MICA 500L is Ki=25N/A.
The stiffness of the guiding blade is 15.5 N/mm,
with a stable position at centre of the stroke (±5mm).
MICA reaches the end of stroke for a joule power
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dissipation of only 5.8W with a current margin ratio
versus nominal current grater than 6. For this
criterion magnetic actuator differ sensibly from
piezo-actuators, for which the available force
become null at full stroke.

position. The response of the MICA500L actuator
controlled by the PID corrector has been registered.
Response time at 95% of the command is in the
order of range of 14.2ms (Fig. 3).

Coil impedance is R=0.6 Ω and L=40mH. Electric
time constant is 67ms. With the actuator mobile part
blocked, nominal current and force can be obtained
up to 100Hz. There is still a capability of 100N at
450Hz. When the actuator is not blocked, these
results are impacted by the actuator speed and the
existence of mechanical amplification resonances.
The tested MICA 500L mobile mass is 0.71kg. The
mechanical resonance of the actuator alone is
23.5Hz. The acceleration without load reaches 70g
and is still 20g with 1.8kg load mass.

Fig. 3: MICA V1 prototype

The strong force allows actuating a load mass up to
2kg for 1mm stroke at 100Hz (Fig. 2) for example.

The MICA 500L can be efficiently driven by a basic
closed loop and show very short response time
thanks to its high force to mobile mass ratio.
Response time to AC command in closed loop
A second type of dynamic actuator use is the
tracking of a signal. Tracking is useful for accurate
positioning, for generation of a signal, generation of
vibrations or noise damping. The capability of
tracking has been measured for an AC signal at
different frequencies.

Fig. 2: MICA 500L achievable AC stroke versus
load mass and frequency
Closed loop control
A test bench with a control loop has been set up to
evaluate the performance of the MICA 500L in a
closed loop control.
The power supply chosen for the actuator is the
ELMO TUBA 20230 (20A/200V). This is an AC
powered Digital servo drive. Such a device is not
expensive.
Position is given by the position sensor included in
the MICA. It consists of a classical hall sensor
system with a magnetic rule fixed on the mobile part.
The closed loop control is ensured by the UC45
electronic card with its software HDPM45, which
allows the tuning of a PID corrector.
The correction factor used by the PID are P=1.6,
I=35, D=0.06. One should notice that these factors
for the PID have been set for an evaluation of the
MICA controllability, but have not been optimised.
Response time to step command in closed loop
One type of dynamic actuator use is to reach a given
position in a short time. In this case the order
command is a step from original position to targeted

Fig. 4: AC Tracking at 40Hz
The previous figure shows position tracking
performed a 40Hz. Phase and amplitude of the
tracking have been registered and the Bode graph is
drawn in Fig. 4.
Although there exist a mechanically resonant
frequency at 23.5Hz, a simple PID allows
suppression of the resonant peak, to keep the
demanded amplitude up to 100Hz and make an
efficient tracking phase include up to 40Hz (Fig. 5).
It is worth comparing the closed loop bode
characteristics to the open loop characteristics. In
open loop control the amplitude stays equivalent to
the demanded amplitude up to 10Hz only, and the
phase moves to opposite phase at resonant
frequency (23.5Hz) and above (Fig. 5).
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Considering a stroke of 1mm, the stiffness of the
guiding blade increase up to 33.3N/mm, this
corresponds to a resonant frequency at 34.5Hz.
During the open loop characterisation, the amplitude
stand important while the frequency was close to the
resonance. However, further from resonance the
amplitude effectively measured is 1.2mm due to the
limitation of the command during the measurement.

Fig. 5: Closed & open loop comparison
Actuator model
The characteristics of the MICA 500L have been
implemented in a Simulink model and the open loop
transfer function has been simulated. The data for
Simulink model have been given in p1-2. Results
are compared with measured data.

At resonance the ratio between the mechanical
reactive power and the dissipated power gives the Q
factor of the device of 11.6. The absence reduction
of frictions brought by the use of guiding blades
allows using the actuator at resonance when the
ratio AC stroke versus dissipated power is an
important criterion for the application. One should
notice that the Q factor has been obtained by the
ratio of reactive power versus active power in the
simulation model. The mechanical dissipation factor
has been adjusted to measurements with the
9N/(m/s) value. However, most of mechanical
power is expected to be dissipated in the vibration of
the test bench table, which is significantly shaken by
the powerful MICA 500L. Thus the Q factor of the
MICA itself is expected to be higher.
At resonance (Fig. 7), the full stroke 10mm is
achieved with only 0.27A peak current, which
means only 22mW joule dissipation in the coil. The
electrical yield in this case is greater than 99%.

Fig. 7: Impedance MICA Alone
MICA performances with moving mass

Fig. 6: FT: open loop and models
While the Simulink model fits with the beginning of
the measured function transfer, the measured data
shows an enlarged peak, as if there was a change of
resonant frequency to 34Hz (Fig. 6). Effectively the
stiffness of actuator is slightly non linear versus
stroke. It is greater when the actuator is next to the
zero position, due to an additional magnetic stiffness.
ACTUATOR 2014, Messe Bremen
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Given the load characteristics (mass, stiffness and
dissipation) it may be interesting to add a stiffness
with additional springs. It thus allows the MICA
actuating at full AC stroke with very little
dissipation. The previous graph gives the impedance
versus frequency as well as the stroke achieved
taking into account limitations of current and
voltage.
Taking an example of a load with 0.4kg mass, that
require actuation at 100Hz for a 4mm stroke peak to
peak (Fig. 8), model computation evaluates stroke
and limitation of the MICA 500L when the stiffness
is tuned for a 100Hz resonance with additional
stiffness. Here again the dissipated joule power at
resonance stays very low and is evaluated at
244mW.
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surface quality of the machined part is tremendously
improved [6].
Conclusion

Fig. 8: Impedance MICA with load
Application on milling machine
The first example of a MICA application is for an
anti-vibration device implemented by IDEKO in a
SOLARUCE milling machine (Fig. 9). In addition
to controllability capability over a large frequency
band, the application requires high force to mass
ratio as the actuator must be fully integrated within
the milling machine.

The article presents the performance of the MICA
actuator use with a closed loop control. It first
recalls the main technological choice and
characteristics that make MICA ideal for closed
loop
drive.
The
main
electro-mechanic
characteristics of the MICA in open loop are given.
Then the MICA is tested in closed loop with a PID.
It shows a time response of 14.2s to a step drive and
good tracking of an 40Hz AC signal. Then the full
transfer response in closed loop is given and
measurement show that the full stroke of 10mm is
still achieved at 100Hz with a Mobil mass of 710g.
Then, the MICA has been integrated in a milling
machine as a damper that improves significantly the
milling quality.
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Fig. 9: MICA mounted on Milling system.

Fig. 10: Milling improvement with MICA
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machine. Spectrum and photos here show the
difference of milling quality with and without the
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