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Abstract: 
In the frame of the Meteosat Third Generation project (MTG), the future European Operational Geostationary 
Meteorological Satellites system, Cedrat Technologies has developed a dedicated actuator for the Scan 
Assembly mechanism (SCA) made by SENER. Such motors are needed to actuate the SCA on the north/south 
(N/S) and east/west (E/W) axes. The requirement of precise pointing of the SCA induces very specific 
characteristics for the motorisation. The motor needed characteristics are: to be free from any cogging, high 
constant motor [N.m/√W] to have a constant torque over full stroke range, to have a very low hysteresis and to 
have redundant coils. To meet these stringent requirements, the choice was made to develop a specific Rotating 
Voice Coil Motor. 
The goal of this paper is to present the motor that meets these requirements. The first part will focus on the 
approach that leads to the selection of the architecture and magnetic materials. It will point out on the main 
issues that are the torque characteristic, the power consumption and the masse reduction. Then, the actuator by 
itself will be presented, associated with the expected performances. To conclude, the test results of the Elegant 
Bread Board (EBB) Model will be summed up. 
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Introduction

The scan mechanism rotates a mirror along two 
orthogonal axes (Fig. 1). The rotation axes 
correspond to the N/E and E/W earth axes.   

 
Fig. 1: The scan mechanism of the MTG satellite 
(with courtesy of SENER) 
The piezoelectric solution is usually adapted for 
high resolution displacement for scanning 
applications. Nevertheless, the requirement of 
angular stroke of (± 12 deg) leads to the use of 
electromagnetic technology. 
 
The technology and the architecture of the actuator 
in order to fit to all requirements have been 
proposed in this paper. The mechanical and 
electromechanical simulations have been performed 
to design the actuation solution. Two prototypes 
have been manufactured including the assembly 

bench, test bench and coil overmolding tool. The 
performances of the motors are given based on test 
results.  
Actuation technology  

Several electromagnetic actuation technologies are 
available for the space market. The Laplace force is 
a mandatory solution to comply with all motor 
requirements, since the alternative solution brings 
some limitations and none conformances. The 
cogging torque and parasitic force are the main 
drawback of permanent magnet BLDC (Brushless 
direct current) motor. The LAT (Limited Angel 
Torque) motors are adapted to generate a pure 
torque with a large angle stroke [1]. The LAT 
motors are based on the toroidal coil wounded upon 
the cylindrical stator. The rotor is installed inside the 
stator. So, only half of the coil contributes to the 
torque generation. The voice coil motor technology 
has no hysteresis, no cogging and no eddy current. 
These properties are suitable for scanning 
application. Nevertheless, the heat dissipation may 
be a problem because the coil is located at the 
mobile part level. Thus, the moving cables require a 
life time securing and the cable stiffness should be 
taken into account. 
 
The voice coil motors are well known for linear 
actuation solution. But, there are also adapted for 
angular displacement called Rotary Voice Coil 
Motor “RVCM” (see Fig. 2). 
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Fig. 2: 2D cut view of RVCM  
The generated torque is based on the combination of 
the Laplace force and a level arm with axes of 
rotation. In order to avoid parasitic force, a 
mechanism based on two RVCM motor is proposed.    
 
Mechanism description 

The proposed solution is based on two RVCM 
motors connected to the same rotor. The axis of 
rotation is linked to Z axis. The parasitic forces that 
must be cancelled are oriented along the X axis (see 
- Fig. 3 ). In order to fulfil this redundancy strategy, 
four coils are wounded on the RVCM-PP actuator. 
The nominal coil corresponds to electrical 
connection in serial of two coils from each side of 
the motor (red coils below). The electrical 
connection is done in the same way for the 
redundant coil.  

 
Fig. 3: View of RVCM-PP  
Several simulations have been performed to 
evaluate the performances of the RVCM-PP 
actuator. 
 
Simulation 

The performances of the RVCM-PP actuator are 
evaluated from the electromagnetic point of view, 
and also from the mechanical and thermo-
mechanical side.     

Electromagnetic budget 

The first simulations have been done with a 2D 
model based on the geometry described previously 
(Fig. 2).  A parametric study has been conducted 
with the aim of having a geometry corresponding to 
the required motor constant (KM) and the nominal 
torque (TN):  

 

KM  =  0.205    N.m
W

   and TN  =  0.38 N.m @ 60 °C 

 
The optimisation process has been performed with 
some constraint linked to the rotor mass, actuator 
mass and the available volume. From the material 
point of view, the comparison has been done 
between the NdFeB and SmCo magnet. The 
diameter of the electrical wire has been selected 
regarding the electrical impedance requirement. 
 
Based on the optimisation process conclusion, a 3D 
modelling has been built and simulated. The elected 
materials for the electromagnetic simulation are 
given in the table below (Table 1). The SmCo 
magnet (RECOMA32S) has been selected due to its 
stability against the temperature and durability 
regarding the corrosion effect. 
Table 1: The magnetic properties of the simulated 
material  

 
The level of magnetic field upon the magnetic 
circuit, the magnet and the coils is computed in a 
first step (Fig. 4). The torque generated is extracted 
regarding the injected current.   

 
Fig. 4: 3D view of magnetic field upon the magnetic 
circuit and the magnet  
The performances of the RVCM-PP actuator based 
on simulation are given in the table hereafter (Table 
2).  
Table 2: The RCVM-PP performances 
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Mechanical limitation 

In functional configuration, the RVCM-PP isn’t 
subject to any mechanical stress. Nevertheless, the 
risk of collision between the rotor and the stator 
must be evaluated during the launch phase due to 
vibration injected into the actuator. The vibration 
specification has been calculated for different case: 
sinusoidal vibration, random and shock. The most 
critical case corresponds to the shock case and the 
specification is given by the customer (Table 3). The 
vibration inputs have been applied to the actuator 
interface at the rotor and the stator level. 
Table 3: The shock level specification 

 
The displacement of the rotor against the stator has 
been extracted from the simulation (Fig. 5). The 
maximum relative displacement between the rotor 
and the stator is 358 µm and the stress reaches 
298 MPa on the rotor. 

 
Fig. 5: The displacement generated along the shock 
specification 
The mechanical air gap between the rotor (coil 
housing) and the internal magnetic circuit as 
designed is in the worst case 230 µm. The allowable 
level of shock has been evaluated at 1200 G at 
10000 Hz.       

Thermal behaviour and self heating 

At the nominal torque requested (0.38 N.m), the 
dissipated electrical power raises to 3.13 W (at 
nominal coil). At the rotor interface (internal 
diameter of the rotor), the temperature is controlled 
and maintained at 30 °C. The thermal exchange with 
the external media is neglected (no convection and 
no radiation) due to space application. This case 
corresponds to the thermal worst case.  
 
The temperature elevation at the steady state is 
10 °C. The thermo-mechanical effect is a low 
elongation (5 µm) in worst direction and 10 MPa of 
stress on the coil housing.    

 
Fig. 6: The temperature upon the rotor due to the 
coils self heating 

Manufacturing 

The geometry of the RVCM-PP motor is fixed 
regarding the electromechanical, mechanical and 
thermal analysis performed. Based on this 
configuration, two prototypes have been 
manufactured. 

Coil winding and overmolding 

The material of coil housing (TA6V) has been done 
regarding the vibration constraint. The electrical 
insulation tape (Kapton) is placed between the coil 
housing and the wire to avoid any risk of varnish 
damage during the winding process. Mechanical 
segregation is directly machined on the coil housing 
to avoid any risk of failure propagation between the 
nominal and the redundant coil (Fig. 7). 
 
Both coils have been overmolded for mechanical 
protection of wire and for thermal consideration. 
The potting material has been selected for its 
thermal conductivity (Fig. 7).  

  
Fig. 7: The coil winding filing factor and the 
overmolding 

Actuator 

All parts of the actuators have been manufactured 
for two prototypes. The mechanical air gap between 
the coils and the magnetic circuit correspond to 
250 µm. So, a rotor assembly bench has been 
manufactured in order to ensure that the both coils 
are aligned. The stator assembly bench has been 
used to avoid any risk of damage due to the 
magnetic attraction between the parts of magnetic 
circuit. 
 
The RVCM-PP actuator is delivered without a 
guiding solution between the rotor and the stator. So, 
that the clamping part has been anticipated for the 
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shipment to avoid any risk of collision between the 
rotor and the stator (Fig. 8). 

 
Fig. 8: The RVCM-PP/EBB-1 actuator 

Test bench  

A dedicated test bench has been designed to 
measure the performance of the RVCM-PP actuator 
(Fig. 9). The test bench consists of a bearing 
mounted shaft. On one end, two electromagnets 
were used to lock the rotation of the shaft. The 
RVCM-PP and angular encoder were installed on 
the other end of the shaft. A torque meter is installed 
between the RVCM-PP and electromagnets.  

 
Fig. 9: The test bench of the RCVM-PP motor 

Test campaign  

The torque generated by the RCVM-PP actuator was 
measured in the static case all along the angular 
stroke and for different values of current. At each 
position, the torque is measured in both directions 
(CW and CCW).  The performance of the actuator 
has been measured at -15, 23 and 60°C. 
Results 

The performances extracted from the measurement 
are given below.  

Torque vs. angular position 

The measured torque against the angular positions 
and the current is given in the curve hereafter (Fig. 
10). The nominal current correspond to 0.595 A 

 
Fig. 10: The torque vs. angular position and current 
The linearity of the torque against the angular 
position is lower at 2.5 % all along the ± 10 deg for 
the nominal and redundant coils. 

Hysteresis curve 

The hysteresis corresponds to the measurement of 
torque in the both direction at the same angular 
position. The hysteresis is lower than 2.3 % at the 
central angular position. 

 
Fig. 11: The torque vs. angular position and current 

Speed 

The RVCM-PP is able to move the test bench shaft 
(4.20E-03 kg.m²) at 68 deg.s-1. 

 
Fig. 12: The speed measurement 

Conclusion 

The article present an actuator based on voice 
technology dedicated for scanning application. The 
RVCM-PP motor is able to generate a constant 
torque along the angular stroke. The full properties 
and the performance of the designed actuator 
RVCM-PP is given below. 
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Table 4: The RVCM-PP motor performances  
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