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Abstract: 

Moving Iron Controllable Actuator is a concept of linear magnetic actuator that is especially designed to 

respond to the need of highly dynamic controllable actuators. The article presents the specificity of the actuator 

compared to more classical magnetic actuator concepts. It points out the interest of its properties and describes 

technological issues it implies. A MICA prototype has been built and its main performances are given: 800N, 

20A, with a size 160*200*150. The controllability of the actuator has been demonstrated by simulation using 

force characteristic of MICA. Finally, the prototype will be declined in a full range of magnetic actuators as 

products of Cedrat Technologies.  
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Introduction 

The paper deals with design, prototyping and 

evaluation of a Moving Iron Linear Actuator (see 

Fig. 1)[1]. First, the actuator concept originality is 

presented. Then, the importance of dynamic and 

controllability aspects is discussed for actuators. 

Achievement of such characteristics faces several 

issues that are explained. Then, the principle of 

MICA is presented and main characteristics of the 

newly built prototype of MICA V1 are given. This 

prototype is the first one of a full MICA product 

range that can be customised according to the 

application. The main option for MICA design is the 

degree of controllability, which is strongly impacted 

by magnetic design and force characteristic. It is 

shown that the latter can be optimised to get very 

constant force versus position characteristic. Finally, 

a test of controllability is presented on MICA V1 

using a PID position control loop. The article ends 

with identification of targeted applications for this 

kind of magnetic linear actuator.  

 

 
Fig. 1: MICA V2 prototype 

 

Concepts of linear actuator 

The design of magnetic linear actuator shows a very 

huge variability according to a set of technological 

choices. The main choice that is considered concerns 

the type of actuator like voice coil, moving magnet, 

or electromagnet. Many other variations are declined 

when considering the air gap shape (including the 

number of air gaps in series), the distribution 

between fixed and moving parts (internal, external 

or side by side), the choice to use or not magnets, the 

choice to magnetically bias or not the functioning 

point, and the number of coil phases. Trade off 

between all these parameters is guided by the 

application which gives different weight to each 

specification. The MICA structure has been chosen 

in order to fit to the dynamic and controllable 

characteristics that are eagerly looked for in the 

industry field.  

 

Importance of dynamic and controllable 

In many applications actuators are used to adapt a 

device to its environment. Then, the system needs to 

be controlled with a closed loop, which requires 

controllable actuators.  

The dynamic aspect may be strongly linked to the 

need for controllability. When actuator is used to act 

with a physical / industrial purpose that has a large 

frequency bandwidth, the bandwidth of the actuator 

should be higher. In some cases the speed of 

activation is imposed by the application like for the 

acquisition of pictures. In other cases the actuator 

should be activated and controlled accurately in 

application despite large bandwidth of noise. An 

example is the damping of vibrations during a rocket 

launch.  

Another more obvious reason for the need of 

dynamic actuator is the productivity. With more 

dynamic actuators, actuation can be performed 

quicker and the increase of productivity allows the 

process being more competitive.  

Finally, even with no obligation of speed, operations 

are always easier when means for actuation are fast. 
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This improves the controllability of the system as 

there is relatively more time to be accurate. 

 

Technological issues 

The dynamic aspect of the performance brings 

constraints in the design of the actuator. Dynamic 

activation means short response time and the 

capability to be used at high frequency. The 

insurance of a short response time means to work on 

all three electric, magnetic and mechanic time 

constants. Unfortunately, electric time constant is 

directly dependent on the inductance and the 

resistance of coils. These values are related to the 

capability to generate high magnetic flux and low 

copper losses. Therefore, the electric time constant 

gives an overview of the performance of the 

magnetic design of the actuator. Thus, the electric 

time constant will have to be compensated by high 

force generation and high power electric supply. The 

magnetic time constant is mainly affected by eddy 

currents which reduce and delay the flux and 

consequently force variations. The eddy currents are 

managed by the choice of pertinent magnetic 

material according to their permeability and electric 

resistivity and by electric path cuts like usually done 

with laminated stacks. MICA with both methods 

have been built and tested. Previous MICAs have 

been built with sintered iron material. Such material 

shows huge resistivity, which suppress almost 

completely eddy currents and can be shaped easily 

with 3D shapes. The new version of MICA uses 

stacked laminations, which allows also limiting eddy 

currents with very standard assembly processes. 

Finally the mechanical time constant is reduced by 

reducing the mobile mass of the actuator. Particular 

attention has been paid on the MICA actuator to 

reduce mobile mass.  

 

The second technological issue is the controllability. 

Classical electromagnets are known to be hardly 

controllable as the magnetic force is proportional to 

the square of the air gap for a small air gap. 

Therefore, electromagnet behaves like a very 

unstable actuator at the closure. Once the magnetic 

force supersedes the other forces (frictions, springs, 

…) the air gap of the actuator close brutally until it 

is stopped by end stops. Controllability of 

electromagnet is improved by special air gap shape 

[2] or force compensation [3]. Electromagnets 

become also partly controllable with addition of a 

spring which allows the aperture of the air gap when 

the current of the coil is cancelled. Then, classical 

electromagnets behave like bi-stable actuators 

according to the current supplied. They can be open 

or closed, but are not designed to reach intermediate 

positions. They are not able to reduce the moving 

part speed at the proximity of end stops. The 

conception of controllable actuator means the 

capability to drive with the current the direction and 

magnitude of the magnetic force, whatever the 

position of the mobile part in the stroke range. This 

is typically the behaviour of moving coils actuators, 

and the reason why they are used in voice coils. The 

nice voice coil actuator linearity allows reproducing 

the sound with high fidelity and quality. However, 

voice coil shows other drawbacks.  

 

MICA actuators are capable to reproduce the force 

to position characteristics of voice coils with only 

moving iron part. The controllability of magnetic 

actuator is all the more actual as the magnetic force 

does not depend on the position of the mobile part. 

Then, force should be directly proportional to the 

current applied, which can be controlled easily in a 

closed loop.  

 

A secondary consequence of applications with large 

bandwidth is that the actuator will have to bear a 

large number of cycles. This impacts all parts of the 

actuator and especially the bearing should be 

designed consequently. For MICA actuator, all 

points of design have been chosen to ensure a quasi 

infinite life-time. For example, moving part is made 

of solid iron that can bear shocks, all mobile wires 

are suppressed and the guiding is made of blades [4] 

that suppress static friction, and reduces significantly 

viscous frictions.  

 

Principle of MICA 

The technological choice that has been selected for 

MICA is moving iron actuator. “Moving iron” term 

should be considered as declined from well known 

“moving magnet” [5][6] as the mobile part is made 

of simple part of iron. Also, “moving iron” should 

be considered as an extension of “electromagnet”, 

whose moving part is also made of iron but which 

are typically non controllable and are limited by 

only one direction of magnetic force.  

 

The topology of the MICA actuator is made so that a 

positive force is generated with a positive current 

and an opposite negative force is generated with 

negative current. In this way, MICA actuators 

behave like voice coils or some kind of moving 

magnet. The MICA actuators have been designed 

with Flux FEM tool whose simulations allow good 

prediction of force characteristics (see Fig. 2). The 

MICA force is up to 800 N for a 20A nominal 

current. The cogging force stays lower than 50N on 

the whole stoke and stay lower than 20N within the 

stroke range [-3.5mm; 3.5mm].  
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Fig. 2: MICA Force curves 

 

The actuator is stable at central position. The 

stiffness is very low so that actuation up to any 

position does not require high current, 2.1A is 

sufficient. A stiffer detent force is insured at central 

position so that natural positioning stays accurate.  

 

Realisation of MICA V1  

The prototype of MICA V1 (see Fig. 3) has been 

realised in the framework of FP7 DYNXPERTS 

project. The goal is to develop a new concept of 

mechatronic roughing milling head with an internal 

active inertial drive and an accelerometer. The active 

inertial drive uses MICA actuator with a proof mass. 

It damps vibrations in the milling machine and 

ensures high quality milling operations suppressing 

dynamic problems using active components.  

 

 
Fig. 3: MICA V1 prototype 

 

It has to be noted that automatic milling machines 

are able to change milling head automatically. The 

active inertial drive should then be integrated in the 

head so that existing machines can use the new 

system. Therefore, because it is integrated within the 

milling robot arm, the designed actuator should be 

compact. Moreover, in order to ensure vibration 

damping in the whole vibration spectrum, the 

actuator needs large dynamics.  

To sum up, the active damping using MICA aims at 

solving traditional problems addressed in the 

literature such as chatter and will offer new features 

to existing machines in order to improve their 

productivity.  

 

MICA V1 performances 

The force characteristic like the characteristic 

presented previously is obtained with the nominal 

current of 20A for the following actuator size: 

Height 160mm * Width 200mm * Thickness 150mm. 

The nominal continuous force of MICA V1 is 760N. 

With AC command, its force is 300Nrms with a 

bandwidth of 150Hz, and only 70W dissipated 

copper losses. 

 

Controllability 

The MICA force characteristics presented in Fig. 2 

have been implemented numerically into the 

PORTUNUS software. PORTUNUS is system 

simulation software adapted to complex mechatronic 

systems. It integrates circuit, signal flow and 

machine representations and allows multi-physic 

description thanks to components libraries dedicated 

to electric, electronic, magnetic, mechanic and 

thermal fields. The control loop for the MICA has 

been modelled with a PID (see Fig. 4), which has 

been trimmed to test the controllability of the MICA 

device.  
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Fig. 4: MICA Portunus control model 
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Fig. 5: MICA response to step command 

 

The response of the MICA to step commands (see 

Fig. 5) shows that the overstrike behaviour around 

4mm differs from 0mm position. The force constant 

variation according to the current implies that the 
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tuning of a simple PID corrector is not optimised for 

all positions.  

 

Capability of linearisation trimming 

The MICA V1 has been customised for the 

application, for which the force density is of 

importance additionally to the dynamic and 

controllability aspects. The option chosen for this 

actuator is to get maximum force and mechanical 

power. For other kinds of applications with strong 

need of accuracy and precision, the controllability, 

which is already equivalent to voice coil can be 

optimised. Starting from classic MICA, the 

possibility to stabilise even more the force versus 

position has been tested, in order to enhance the 

controllability. A MICA with almost no magnetic 

cogging force (see Fig. 6) has been thus designed.  

 

 
Fig. 6: MICA linearisation capability 

 

It is thus demonstrated that the shape of force 

characteristic versus stroke can be controlled by 

design and be adapted to the application. Fig. 6 

shows that the detent force can be very close to zero 

and then, force to position curve with applied current 

shows very smooth variation. This capability of 

force shaping can be used to fit other applications 

with different specifications, for example it is 

possible to get a stable point at chosen position or to 

get bi-stable actuator effect.  

 

Applications 

Many applications require dynamic and 

controllability aspects. Typical application is the 

machinery and robots control in the industry. 

Another large set of applications concerns 

generation of vibration and damping. An alternative 

application is accurate control in automotive, 

aeronautics and spatial systems.  

 

Conclusion 

The article presents the realisation and performances 

of prototypes of magnetic linear actuator called 

MICA (Moving Iron Controllable Actuator), which 

have been especially designed for applications that 

require high dynamic and a good controllability. The 

discussion presents the importance of these 

characteristics for linear actuator, and identifies the 

technological issues to reach these purposes. 

Prototype actuators are presented with their 

performances. The MICA characteristics have been 

used in system simulation to demonstrate the 

controllability aspect. It has also been demonstrated 

that the level of controllability can be trimmed in 

optional design to customise the characteristic for 

specific applications. Finally the first prototype will 

be declined into an actuator product range.  

 

Acknowledgment 

The research leading to those results was performed 

in the frame of DynExperts FP7 project “Factories 

of the Future", Grant Number 260073. 

 

References 

[1] F. Claeyssen, G. Magnac, O. Sosnicki, "Moving 

Iron Controllable actuator", ACTUATOR 2008, 

9-11 June 2008, C3.3, pp. 445 – 448 

[2] So-Nam Yun, Young-bog Ham, Jung-Ho Park, 

Il-young Lee, "New approach to design Control 

cone for electromagnetic Proportional Solenoid 

actuator", ACTUATOR 2010, 14-16 June 2010, 

P32, pp. 693 – 697 

[3] D. Wiedermann, U. Koch, H. Ulbrich, "Linear 

reluctance actuator for controlled vibration 

excitation", ACTUATOR 2010, 14-16 June 2010, 

C3.4, pp. 501 - 504 

[4] F. Bloch, N. Lhermet, P. Meneroud, F. Claeyssen, 

"Space compliant moving coil actuator ", 

ACTUATOR 2004, 14-16 June 2004, ,P73, pp. 

661 - 664  

[5] P. Meneroud, G. Magnac, G. Patient, F. 

Claeyssen, "Bistable micro actuator for energy 

saving ", ACTUATOR 2006, 14-16 June 2006, 

P76, pp. 744 - 747 

[6] T. Bödrich, "Electrodynamic and 

Electromagnetic Direct Drive for reciprocating 

compressor", Proc. ACTUATOR 2008, 11
th

 

international conference on new actuators, 9-11 

June 2008, C3.4, pp. 449 - 452 

 


