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reduced support structures, limitation to the number
and size of electronic components, and mainly in the
actuator design. The mass budget for the actuator was
less than 10 grams, what implied a challenge in design.

ABSTRACT
An ultra-low-weight rotary actuator based on Shape
Memory Alloy technology has been developed for
operation in Mars. The aim of this actuator is to
provide an in-flight calibration system for the Dust
Sensor instrument of the MEIGA-MetNet Mission that
will perform airborne dust opacity measurements in the
Mars surface. The complete actuator presented,
comprises a rotary mechanism actuated by a Shape
Memory Alloy Fiber, a position sensor, an electronic
driver and a control algorithm. The total mass of the
actuator is less than 9 grams (without control FPGA).

The Dust Sensor device is controlled by the onboard
computer of the MetNet Lander. Periodically,
according to a preprogrammed schedule, the Dust
Sensor device is powered on and a sequence of
instructions is executed.
Figure 1 shows the qualification model of the Dust
Sensor device.

A Qualification Model (QM) will be presented in this
work and qualification test results are presented in
order to prove the fitness of the designed actuator as a
simple and effective solution for space application.
1.

INTRODUCTION

The Dust Sensor (DS) instrument of the MEIGAMetNet Mission will perform airborne dust opacity
measurements in the Mars surface. The Dust sensor is
designed as a lightweight device (41 gr) that performs
an active measurement, using back scattering to
estimate the concentration of particles in the airborne
dust.
The unit integrates an IR optical active detector (there
is an IR emitter and an IR detector) for a
spectrographic
(discrimination
in
wavelength)
measurement of dust in suspension. Emitter points to
the airborne dust and the detector collects the scattering
signal produced by the emitter light when interacting
with particles similar in size to the light wavelength.

Figure 1: Qualification Model of the Dust Sensor
Table 1 summarizes the main characteristics of the
Dust Sensor device.

The DS includes an in flight calibration system based
on a reflector stick that allows directing the emitter
optical signal directly to the detector. The reflector
stick is inserted in the optical path, when the actuator
system is commanded to do so, by means of an actuator
based on a Shape Memory Alloy (SMA). This in-flight
calibration system is used to compensate the error in
the entire DS acquisition chain.

Table 1: Dust Sensor main characteristics

There is a weight budget of 40 grams for the Dust
Sensor instrument, due to the short weight budget of
the full MEIGA mission. This has affected greatly in
design decisions such as the lack of an enclosure,

_________________________________________________
‘14th European Space Mechanisms & Tribology Symposium – ESMATS 2011’
Constance, Germany, 28–30 September 2011

409

Characteristic

Value

Mass
Main dimensions
Power
consumption

41.2 grams
85x65x20 mm
360 mW nominal

Voltage
operation
Communications

5V
422 serial comms

Notes

2250 mW peak
consumption
during 750 ms
max.
Command
oriented

Characteristic

Value

A control algorithm completes the actuator system. The
algorithm running on the Dust Sensor FPGA
commands the actuation, receives information of
temperature, rotary position and limit switch sensors
and sends a feedback to the electronic driver.

Notes

instrument.
Temperature
accuracy
Reflector
position accuracy
Operational
temperature
range

2.

±1.5°C
±7.5°
-90 °C to +25 °C

Also in vacuum

Figure 2 shows the initial and further position of the
stick reflector during an actuation.
2.2. Mechanical description

ACTUATOR DESCRIPTION

The mechanical structure of Dust Sensor (DS) is
composed of the following sub-systems:
- Fixation.
- Rotary actuator.

2.1. General description
The actuator integrated in the Dust Sensor is an ultralight weight rotary actuator based on a Shape Memory
Alloy (SMA) fiber. The SMA fiber contracts when
heated beyond the characteristic transition temperature
of the material. This contraction is used for generating
a rotary movement of a stick reflector. The stand-by or
relaxed position is reached thanks to a return spring.

The fixation is the part group in charge of joint the DS
to MetNet. The mechanical interface for DS on the
MetNet external surface is a specific structure designed
according to the requirements. Four aluminium alloy
pieces, located on top and bottom, are used as bases of
DS that allow its installation. Specific shapes and
features have been assumed in order to avoid
interferences with other equipments. Aluminium
material has been selected since the low weight
characteristics.

The actuator has an integrated rotary position sensor
for control and characterization of the actuator
movement. This rotary sensor is a double capacitance
detector which gives a rough position value of the
reflector. The consumption of this sensor is negligible
and its weight is very low since part of the sensor is
integrated in the PCB of the Dust Sensor.

The rotary actuator is a mechanical structure that
rotates around a vertical axis by pulling action of the
SMA fibre.

A limit switch (end of stroke) is included as a
redundant element to switch off the activation of the
DS. This switch will detect that the reflector stick has
reached its final position, the signal will be interpreted
by the FPGA and immediately the actuator will be
powered off.

Figure 3 shows a zoomed view in which the rotary
actuator structure can be recognized. The position
sensor is a part, jointed to the rotary actuator body and
made of the same material of the electrical board,
which provides information of the rotating position
during performance by capacitive interaction with the
electrical board. The rotary part is a piece with a ring
body with holes and a proper shaft projection, as
shown in Figure 3. The holes on the body allow both
fixing one extreme of SMA actuator in a suitable
position and reducing weight. The shaft projection
operation is to cover the sensor for calibration of the
optical system.

The actuator hardware includes an electronic driver
that provides the SMA fibre a power line of +5V,
~500mA. For reliability reasons, the driver is
commanded using a signal above 1 KHz from the
control FPGA, neither 5 V DC nor 0 V DC signal will
activate the SMA.

The rotary actuator body is composed of several parts
that permit the assembly of the whole sub-system
around a vertical shaft part of the left base of DS.
Almost all parts of the rotary actuator are made of
aluminium alloy material, because of its low weight,
except the position sensor and insulation parts. Since
the SMA fibre is fixed to the actuator structure, an
electrical and thermal insulation is necessary.
After actuation, the SMA actuator should go back to
the initial position, thus a torsion spring has been used
for this aim. This passive element is located around the
rotary axis body, Figure 3, and fixed to the electrical
board and calibrator part. Once the SMA power supply
is stopped, the recovery spring push the calibrator back
to the relaxed position. Proper crimps block the SMA

Figure 2 Initial and further position of the reflector
stick
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fibre in the design configuration by the application of a
proper crimping force. A jacket of PTFE has been
located along the SMA actuator in order to insulate
electrically the fibre in case of break.

2.4. Environmental requirements
The MetNet mission includes a travel time of one year
in space with a Russian spaceship and two terrestrial
years of operation in Mars surface, in a landing zone
near the equatorial plane.
The thermal requirements are a survival temperature
range from -90°C to +70°C and an operation
temperature range from -90°C to +25°C.
Travel, landing and take-off specify the mechanical
environmental requirements, including vibration and
impact shock in the landing. The impact shock in the
longitudinal axis of the device is as high as 2000g
during 15ms. Radiation requirements during travel and
operation have been estimated to be of a total dose of
10 krad.

Figure 3: Dust Sensor rotary actuator
2.3. Shape Memory Alloy technology description

The device shall work properly in a low pressure
atmosphere. This will affect hardly the heat transfer,
especially during the rotary actuator operation. In the
design, vacuum conditions as worst case have been
considered.

Shape Memory Alloys (SMAs) are metals, which
exhibit two unique properties, different to any other
group of materials: the superelastic or pseudoelastic
effect and the shape memory effect [4].
Shape Memory Alloys can be defined as metals which,
after an apparent plastic deformation in the martensitic
phase, undergo a thermoelastic change in crystal
structure when heated above its transformation
temperature range, resulting in a recovery of the
deformation that can be used to drive mechanisms [5].

The device shall also work properly under humidity
atmospheres.
Temperature ranges (down to -90 °C in Mars surface),
mechanic requirements (mainly impact shock at
landing, reaching 2000g) and humidity conditions have
affected the design of the system, limiting the
complexity of structures, mechanisms and electronic
components.
2.5. Actuator technical details
Table 2 presents main technical details of the rotary
actuator integrated in the Dust Sensor device:
Table 2: Rotary actuator main characteristics

Figure 4. Microscopic diagram of shape memory
effect.
The use of Shape Memory Alloys on the designed
actuator presents several advantages, such as its light
weight, low volume and great force to weight ratio,
optimizing the mechanical work performed by the
device with a minimum mass. Furthermore, this
technology has the advantages of being immune to
electromagnetic interferences, its noiseless actuation
and does not require lubrication to work.

Characteristic

Value

Notes

Mass

< 9 grams

without control
FPGA

Power
consumption
Voltage
operation
Torque
Rotary
movement
Life
Operational
temperature
range
Survival
temperature
range

2250 mW during
0.75 ms

Operation time in
vacuum
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5V
15.75 N/mm
40º
>700 cycles
-90 °C to +25 °C
-90ºC to +70ºC

<750ms

750 ms
correspond to the
worst case.
This value
depends on the
initial temperature
of the actuator.

4.
3.

Due to planetary protection requirements, a bioburden
reduction process shall be applied to the DS unit. The
qualification model was subjected to 111ºC during 50 h
to verify if this bioburden reduction could damage the
DS.

Qualification objective is to demonstrate that the Dust
Sensor conforms to the requirements of the mission
including margins.
The following tests have been applied to the QM of the
DS:
1.

5.

Vibration

Shock

The DS was subjected to two cycles from -90ºC to
+25ºC in a thermal chamber.

QM of the DS was subjected to three different shock
tests in each of the three axes separately due to the fact
that g-loads do not act simultaneously to all three axes.

4.

Qualification levels of the test are as following:
• Axis X and Z: 500g in the form of sinusoidal
half-wave with a duration of 2 ms.
• Axis Y: 2000g in the form of sinusoidal halfwave with a duration of 15-20 ms.

TEST RESULTS

Following qualification tests results are presented.
1.

Vibration

After vibration tests a visual inspection, physic
properties verification and several functional tests were
carried out with the result of no anomalies or
deviations detected.

The 500 g shock test (X and Z axes of the DS) has been
carried out using a free-fall machine.

Consequently, the rotary actuator can afford the
vibrations expected from travel, landing and take-off
with any expected problem.

After the shock test in X and Z axes, the 2000g test in
Y axis was carried out using a high velocity pneumatic
cannon. A metallic plate was attached at the tip of the
cannon. A cylindrical expanded polystyrene cover was
used as bullet for the cannon. A hole with the
dimensions of the DS was made in the expanded
polystyrene bullet, where the DS was installed. The
bullet was shot to the metallic cover installed in the tip
of the cannon, reaching in this way the required shock
curves.
3.

Humidity low-temperature verification test

An environmental requirement is that the DS must be
able to operate properly in a humidity atmosphere. This
implies ice deposition over the surfaces of the actuator
at low temperatures. A low-temperature verification
test in a humidity atmosphere was carried out.

QM DS was subjected to qualification levels of
sinusoidal and random vibration.
2.

Bioburden reduction

QUALIFICATION TESTS

2.

Shock

Figure 5 shows the accelerations obtained during the
shock test in X axis using the free fall machine. Similar
results were obtained in Z axis.

Thermal cycling and vacuum test

Qualification levels for the Thermal Vacuum Test
(TVT) are the following:
• 6 cycles from +70ºC to -90ºC.
• Stabilization criterion for temperature: dT/dt =
1ºC/h
• Dwell time at -90Cº: 1 hours
• Dwell time at +70Cº: 2 hours
• Pressure during test in vacuum chamber:
<1x10-5 mbar.
Intended for automating this test, a setup composed of
a LabView program, a port monitor and a remotely
controlled power source have been developed to
completely teleoperate the Dust Sensor device
(telecommands) and obtain valuable data measured
from the DS during the TVT.

Figure 5: Acceleration Vs Time obtained during the
500g shock test of the DS
Figure 6 shows the accelerations obtained during the
shock test in Y axis using the pneumatic cannon.
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Figure 6: Acceleration Vs Time obtained during the
2000g shock test of the DS
After the shock test no anomalies were detected in the
Dust Sensor, neither in the actuator subsystem that
worked perfectly after shock tests.

Figure 7: Position sensor output Vs time during an
actuation at -90ºC

The reached curves in the Y axis during the shock test
are slightly below 2000g. In the initial calibration tests
using a mechanical dummy model the values obtained
arrived at 2000g, unfortunately in the QM test this
value was not reached due to the variability of the
method applied. As it can be seen in Figure 6 the
curves reached have several peaks during
approximately 17 ms of duration, what is more
restrictive than the single sinusoidal half-wave
requested. Even though the values obtained
demonstrate that the DS can support shock values near
2000g: no damage or defects where observed in the
mechanical dummy model (that reached 2000g),
neither in the QM of the DS.
3.

5.

During the verification test, inside the thermal
chamber, the rotary actuator was completely
operational.
At low temperatures convection losses were high
enough to increase the actuation time to values as high
as 3 seconds. Convection losses made the fibre not to
contract completely and, as a consequence, perform a
partial actuation (limited angle movement) at
temperatures below -30 ºC. It must be noted that the
rotary actuator is intended to be used in nearly vacuum
atmosphere, with negligible thermal convection losses.

Thermal cycling and vacuum test

Thermal vacuum cycling is a critical test for the rotary
actuator subsystem due to the complex thermal
processes that take place during the huge thermal
variation in vacuum (from -90ºC to +70ºC).

As an additional test, in open atmosphere (49% of
relative humidity) the critical parts of the rotary
actuator were superficially completely frozen at -50ºC.
Ice appeared all over the mechanism. Several
actuations were performed in these conditions. Figure 8
shows the sequence of an actuation while the
mechanism was completely iced (low left corner of the
DS).

During the test several data from the sensors of the DS
were logged. Also, more than 100 actuations over all
the temperature range were logged. Figure 7 presents
an actuation capture during the TVT test at -90ºC. As it
can be seen, due to the absence of thermal convection
losses, the SMA fibre heats very fast (less than 300 ms)
and takes more time during the cold down (~1.25 s).
4.

Humidity low-temperature verification test

The Dust Sensor rotary actuator was able to actuate in
an atmosphere with vapour water within the
temperature range without being blocked.

Bioburden reduction

Bioburden reduction test verified that the actuator was
not damaged after 50h at 111ºC. Nor anomalies neither
deviations were detected. The SMA fibre was not
damaged and the rotary actuator worked perfectly.
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at higher temperatures (up to 200ºC) and its lower
power consumption.
This novel, fully European, SMA technology has
already been tested in space environment and
demonstrator models for several space applications
based in SMARQ have been successfully probed:
• Actuators for Hold-Down and Release
Mechanisms (HDRM), such as Pin Puller and
NEHRA.
• Actuators for Deployment Mechanisms (DM),
such as Rotary Actuators for Inter-panel
Deployment Hinges.
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CONCLUSIONS, FUTURE WORK &
LESSONS LEARN

As main conclusion, it can be stated that the rotary
actuator included in the QM of the DS can windstand
the environmental conditions requirements of the
MEIGA-MetNet Mission that will perform airborne
dust opacity measurements in the Mars surface, as can
be confirmed from the qualification campaign results
obtained.
The rotary actuator operational temperature range from
-90ºC to +25ºC was an initial challenge that has been
completely reached thanks to a correct thermal design
and a proper control algorithm. The temperature range
obtained exceeds the operational range presented for
other SMA based actuator for Mars surface application
as stated in [1].
Main lesson learned is that the complex thermal
processes that take place along the whole temperature
range of the mission are critical for a reliable and
proper performance of this type of actuators. Here, the
position sensor and end of stroke sensor included in the
design play an important role for proper performance.
Future work contemplates the FM development and
implementation in the MetNet platform.
Also, a future improvement of this type of actuator will
be the use of a new proprietary Shape Memory Alloy
material called SMARQ. This material presents several
advantages with respect to the alloys currently
available in the market, such as its capability to operate
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