P73

SPACE COMPLIANT MOVING COIL ACTUATOR
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Abstract:

A moving coil actuator for high precision positioning and compatible with space technology specifications has
been designed and successfully tested. General space technology requirements are the use of no degassing
material, no lubrication, low mechanic time constant, low electrical power consumption, and thermal energy
evacuation through radiating and conducting exchanges (no convection because of operation in vacuum
environment). These specifications have been accounted in the design, the realisation and the test of a
successful prototype: Thanks to a good design of thermal drains, the actuator presents a high force versus

weight ratio.
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Introduction

The aim of this study is to build a moving coil
actuator taking into account the limitations due to a
space utilisation. The actuator is made of a moving
coil supplied by an adjustable DC current and
immersed in a static magnetic field generated by
rare-earth permanent magnets. The main problem
met in space moving coil actuator is the dissipation
of the thermal calories created by the moving coil
itself. The other problem is the guiding of the
moving part, without generation of particles which
are forbidden in space applications.

Design of the structure

The structure is quite simple. The objective is to
have current I in a magnetic field B to use the
Laplace’s law:

F=1d AB (1)
The force F on the coil is linear to the current
flowing through it.

The structure is composed by :

- a magnetic structure that creates a magnetic
field B using high-energy rare-earth magnets
and a soft magnetic material circuit

- a coil driven by an electric current I in the
magnetic field created.
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Fig. 1: Principle of the structure

This structure is optimised in order to have:

- a low weight of moving part (low mechanical
time constant)

- alow total weight

- low losses in the coil

- alow consumption

The model simulalted was fully parametred

Zoil

agnet

" Magnetic
cireuit

Fig. 2: Structure simulated

We have simulated the moving coil actuator with the
finite element software Flux®[1] , taking into
account the magnetic properties of the magnet and
the magnetic circuit.

Fig. 3: Induction in the structure simulated
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Design of guiding

The guiding of the moving coil is done using two
pairs of two thin perpendicular blades.
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Fig. 4:Blades

The blades are used to suppress guiding frictions
which need lubrication and are characterised by
non-linear behaviour.

The blades are sized to have good alignment of the
moving part and the static part. But, also, we need to
avoid too much current consumption to compensate
the blade stiffness. So these blades have been
designed to be very flexible (a minimum percentage
of the driving current is used to compensate the
blades stiffness).

The blades are simulated with IDEAS® .

Fig. 5:Simulated blades

The CAD design of blades allows to get a linearity
response taking into account both deformation of the
blades and the driving magnetic force. With good
linearity between force and current, the control of
coil positioning is easier.

Thermal study

One of the most important issue of space moving
coil actuator concerns the thermal heat of the coil. In
vacuum, the cooling is performed only by thermal
energy evacuation through radiating and conducting
exchanges (no convection fluid means no
convection cooling).

The thickness of the blades and the material used do
not allow enough thermal conduction. Consequences
of the mechanical aspect of the blades are high
thermal resistance of the guiding blades and a rapid
increase of the coil temperature, because of the
Joule’s losses.

To avoid the destruction of the coil thermal drains
have been added between the moving coil and the
body of the actuator.

Thermal drain
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Fig. 6:Thermal drains

Thermal calculations are analytical because it is very
easy to estimate the temperature elevation without
any convection (the radiation is neglected).

The thermal drains have to be very flexible to reduce
force and non-linearity between the position and the
current.

Mechanical conception

The prototype is realised with several pieces:
- Magnet

- Magnetic circuit

- Coil support

- A winding

- Thermal drain

- A non-magnetic axis

- Blades

- Screws

In order to have a simple realisation, the number of
pieces have been limited.
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Fig. 8: Overview of moving coil actuator
Realisation of prototype

The prototype has been assembled using a
Neodymium-Iron-Boron magnet:

i

Fig. 9: Magnet and magnetic circuit

Fig. 0:Movig coil actuator

The total weight of the actuator is 500g for a moving
mass reduced to only 50g. Moving parts have been
minimised using CAD software to obtain 25 ms time
constant.

Measurements

The total stroke is 3 mm. The nominal force is 10N
for a continuous 3 W electrical consumption.
Maximal force can be increase according to the
working cycle. The peak force could be 100 N in a
5% working cycle configuration.

100% In high vacuum condition, working cycle is
achieved in the temperature range from —40°C up to
80°C.

Fig. 11: Test bench

In high vacuum condition, the heating of the moving
coil is 39°C with constant nominal current (and less
than 1°C in air).

In the table hereunder, we present the main
characteristics of the actuator:
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Total weight = M=500g
Moving part weight = m=50g
Nominal force (for 3W) = F=10N
Force Vs weight= Fw=20N/kg

Force Vs Amps = F(I)=1,905N/A

Size= 71mm*49mm
Guiding stiffness = 0,760N/mm
Drain stiffness=  1,050N/mm
Proper frequency = fp=30Hz
total stroke = 3mm
Heating 3W) = AT=39°C

Table 1: Measurement results

Comparison with other linear actuators

We have compared three voice coil from different

companies.

Type Voice coil | Voice coil | Voice coil

Company BEI21 | SMAC 31| Cedrat
LA13-12:000A | T AL 20 Tech.

Force Vs Power| 2.17 - 5.77

(N/W'2)

Force Vs 61.2% 15.15 20

weight

(N/kg)

Force (N) 7.1 5 10

Weight (g) 116* 330 500

Power (W) 10.7 - 3

Stroke (mm) 3.2 10 3

Comments *not guided

Table 2: Voice coil comparison

The SMAC voice coil have great stroke, but some
have no guiding structure.

The Cedrat Technologies space voice coil have the
most important force versus power ratio. That means
Cedrat Technologies space voice coil need less
power (and current) than the other voice coil to get a
force.

The Cedrat Technologies space voice coil have the
most important force versus weight ratio (BEI is
neglected because it has no guiding part). That
means Cedrat Technologies space voice coil is
lighter than the other voice coil to reach a specified
force.

So, Cedrat Technologies space voice coil is
specially dedicated to space application due to its
low stroke, but also high force versus weight ratio,
and force versus power ratio.
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