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1. ABSTRACT
This paper presents the development of an improved
version of Thales Alenia Space HRM-NG (« Hold
Down & Release Mechanism New Generation ») with
high triggering temperature. This mechanism will hold,
store, untighten, then release the appendices. The CN250X Shape Memory actuator developed by NIMESIS
TECHNOLOGY for this HRM allows a high
temperature stress release of the holding tie-rod without
any induced shock on the satellite.
A new CNES R&T program provides the opportunity to
develop a new HRM with a new Shape Memory Alloy
(SMA). This program started in December 2016. The
goal of this project is to develop a CN-250X Shape
Memory actuator for a specific HRM with triggering
temperature above 120°C and able to reach 160 or
200°C.
Benefits of this actuator makes it interesting not only for
HRM but also for any devices that must be actuated at
high temperature (antenna or panels release deployment,
spacecraft dismantlement, …).
The TRL level objective is 5.
Note: This paper is split in two chapter. The first one is
presenting the high temperature SMA development and
characterization. And the second one is describing the
new HRM including the stress release mechanism of the
holding tie-rod without any induced shock.
2. CN-250X DEVELOPMENT AND PRODUCTS
Introduction
Shape memory alloys (SMA) are recognized as reliable
and efficient materials particularly to design actuators.
The major drawback of these shape memory actuators is
the trigger temperature which is lower than 100°C with
standard Ni-Ti alloys. The new Nimesis Cu-Al-Ni

single crystal wire shows transformation temperature
higher than 100°C and they are available in round
section with a diameter from 0.5 mm to 25 mm. The
state of the art and a detailed characterization work
made for a recent CNES R&T demonstrated that Cu-AlNi single crystal wire is a very good candidate for space
applications which need trigger temperatures between
100°C and 200°C.
Previous Work
Some tests have been made on Cu-Al-Ni single crystal
wires. These tests consisted on DSC tests, tensile tests
(at room temperature and at 220°C), and
thermomechanical cycling tests. This characterization
study [1] allowed to highlight a memory recovery rate
of about 9%, and a very good stability during the
thermomechanical cycling between 25 and 250°C under
stress (25 cycles – 150 MPa) and transformation
temperatures that could be reach more than 200°C for
Af.
Due to available monocrystallization process, these tests
were made on wires with a diameter lower than 3 mm.
High triggering temperature
By means of actual NIMESIS processes, and in
particular the implementation of two exclusive
monocrystallization processes, the Cu-Al-Ni single
crystals wires are available on a range of diameter
between 0.5 and 40 mm.
The manufacturing process is all French made and
follows the steps below:
-

Casting in ingots
Semi-product transformation (bar or wire)
Monocrystallization step (wiring process or
Bridgman process)
Stabilization heat treatments
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Transformation temperatures are directly linked to the
chemical composition, This composition is adjusted
very precisely during the casting. Triggering
temperature range for NiTi is -20°C to 100°C. It can be
too much limited for space applications. Triggering
temperature range for CN-250X is -50°C to 250 °C. It
means that CN-250X can be compliant with ECSS
norm.
Phases diagram of Cu-Al-Ni alloy (Fig. 1) shows the
different existing phases as a function of chemical
composition and temperature.

Figure 2 : Bridgman furnace for monocristallisation of
CN-250X bars

Sample manufacturing and preparation
The test samples were made from a Cu 83-Al 13-Ni 4
alloy that was casted in ingot and transformed into a bar
with a diameter between 15 and 25 mm

Figure 1 : Phases diagram of CuAlNi SMA alloy

Higher production capacity
The new Nimesis monocrystallization process allows
now to manufacture Cu-Al-Ni single crystal wire with a
diameter between 5 and 25 mm (up to 40 mm after the
next tests). This performance added to the existing
wiring monocrystallization process allows to cover a
wide range of single crystal round wire needs between
0.5 and 40 mm.
The new and special elaboration Nimesis furnace is
based on a Bridgman type technology. This technology
allows to move the solidification interface from a
melting zone. This process has been improved and
adjusted for an industrial use.
Actual production capability is about 1 meter per day
for a diameter of 25 mm.

These bars were cut with a length between 50 and 200
mm, and then prepared and put in a refractory
hermetically sealed container. Then the assembly was
put in the furnace. After melting, the furnace moves
with a stable speed. The furnace charge remains
immobile. Progressively, the furnace let the charge
apparent and lead to the cooling of the charge by
moving of the solidification interface. This allows to
create a single crystal.
After a complete cooling, the component is descaled
and is subjected to two specific heat treatments.
Some samples have been collected and polished before
additional trials.

DSC testing – Triggering temperature
Transformation temperatures of the alloy were
measured by Differential Scanning Calorimetry (DSC).
Space devices and mechanisms usually works in a
typical range of -120°C to +120°C. This involve having
temperatures of transformation above +120°C.
Fig. 3 shows a DSC curve with two thermal cycles from
a CN-250X bar (Cu-Al-Ni) and table 1 shows the results
of this test. The last casted alloy by Nimesis shows a
start transformation temperature As of +120°C and a
final transformation temperature Af of +140°C with
zero
stress.

Figure 3 : DSC test curve for 2 cycles on CN-250X bar

DSC testing

As (°C)

Af (°C)

Cycle 1

120

145

Cycle 2

118

140

Table 1 : DSC results on CN-250X bar

Sample testing (compression)
The sample aimed for compression tests (sample A) has
a diameter of 15.5 mm and a length of 15.4 mm.
Compression
tests
have
been
made
on
compression/tensile machine with a capacity of 30kN.
Fig. 4 shows the compression curve of a CN-250X piece
at room temperature (22°C). Three successive loadings
were made: 4%, 5% and 6%. We can observe a low
residual deformation (<1%) with an applied deformation
of 5%. After 5% of applied deformation and with a
stress of 150MPa, the material starts with its
deformation phase.

Figure 4 : Compression curve of sample A at room
temperature (22°C)

The following objective is to measure the maximum
shape recovery in compression mode of a CN-250X
piece. To this end, we proceed with an under-stress
cooling. A constant 50MPa stress is applied and then the
sample is heated to a temperature above its activation
temperature. After that, the sample is cooled in the
ambient environment. During this cooling phase, the
piece reaches a bigger compression rate than in the case
of a simple compression at room temperature. Fig. 5
shows the results of such a test with a deformation of
7% under 50 MPa.

Components for this study needs to release at 20 MPa
compression stress by compressing itself by 4%.
Dimensions for these components needs to be 11 mm
diameter and up to 10 mm length. Some components
have been manufactured and tested to reach these
specifications.
Sample: 11 mm diameter bars and 10 mm length.
Drawn at 4%.
Testing:
-

Figure 5 : Triggering curve of sample A in compression
while applying a 50 MPa load. Temperature range from
50°C to 160°C

-

Step 1: Increasing of stress in compression up
to 20 MPa
Step 2: Displacement is blocked
Step 3: Increasing of the temperature
Step 4: SMA actuation and stress release

Shape recovery in traction
The next objective is to measure the maximum shape
recovery in traction mode of a CN-250X bar. We
proceed with another under-stress cooling. A constant
50MPa stress is applied in traction and then the sample
is heated to a temperature above its activation
temperature. After that, the sample is cooled in the
ambient environment. During this cooling phase, the
piece reaches a bigger traction rate than in the case of a
simple traction at room temperature. Fig. 6 shows the
results of such a test with a deformation of 9% under 50
MPa.
The sample bar is 11 mm diameter and 125 mm length.

Step 2 & 3

160°C
Step 4

20°C

Step 1

Figure 7: Stress release testing
Note: In step 3, the stress increasing is due to the
thermal expansion of the SMA component and mainly
to compression tools.
Future application and example
NIMESIS can now provide components with CN-250X
alloy from 0.5 mm to 25 mm, 1.5 m length for small
diameter and 0.3 m for big diameter. CN-250X
components can be used in traction, compression,
flexion or torsion up to 8% of strain and 150 MPa.
Actuating temperature range is from -100°C to 250 °C.
Products examples:
CN-250X bar with 25 mm diameter and 30 mm length,
used in compression mode:

Figure 6 : Shape recovery in traction

Stress release testing

-

Strength: 73 000 N
Displacement: 1.8 mm

CN-250X bar with 10 mm diameter and 200 mm length,
used in traction mode:

-

Strength: 11 500 N
Displacement: 16 mm

CN-250X spacer with 25 mm external diameter, 11 mm
internal diameter (M10 screw) and 50 mm length:
-

Strength: 59 000 N
Displacement: 3 mm

Figure 9 : HRM between satellite and antenna
The hold function is done by a tie rod which is screwed
at a given tension between the mobile part and the fixed
part (see [1] on Figure 9).
In the fixed part, the tie rod is screwed in a specific nut
which is able to release the tie rod when an electrical
order is given (see [2] on Figure 9).

Figure 8 : Nimesis CN-250X spacer

3.

MECHANISM
HRM principle

In space applications, large appendices like antennas or
solar arrays, always need to be fold up on the satellite
and locked very strongly in order to withstand launch
vibrations. Locking systems are used and are called
Hold down and Release Mechanisms (HRM). Generally
such devices are used by 2 or more to ensure the locking
of a large appendice.
They combine two functions:
• To hold appendice
• To release appendice

In the past, the nut was broken by a pyrotechnic device.
Such systems are very reliable but induce a huge shock
on the platform and by consequence on the equipments
around.
Nowadays we use nearly exclusively release nuts based
on low shock principles.
When the unit is activated, the nut opens to release the
tie rod. The tie rod is then ejected by a smooth and long
spring (see [3] on Figure 9). At this moment, the mobile
part and the fixed part are completely separated and the
deployment of the appendice can start (see [4] on Figure
9).
Such system is called ‘‘low shock’’ as the exported
levels are much lower with respect to a pyro explosion,
but still high for some cases as the tightened tie rod
contains energy which is suddenly released.
Moreover, as satellites are becoming bigger and bigger,
tensions in the tie rods are becoming higher and higher.
The range is today between 6000 and 35000 N.
The curves here below (Figure 8) show exported shocks
when releasing a tie rod tightened at 35000 N. The
measure skims the specification from low frequencies to
2000 Hz, and over pass the specification above (high
frequencies).

Figure 10 : Exported shock with a ‘‘low shock’’ nut
So, due to this residual shock, the most fragile
equipments cannot be placed anywhere in the satellite
and this introduces accommodation constraints.
This study started by a patented idea which was to
integrate, in a HRM, a 3rd function which would
decrease the tension in the tie rod slowly down to zero
by an SMA system, before releasing the tie rod. This
SMA system would be a copper-based material, with
high transformation temperatures, compatible to
external temperatures undergone by all kinds of HRM.

Figure 11 : HRM-NG QM mode, locked and released
Among the different types of locking systems, HRMNG, which is dedicated to antennas, has been chosen as
a vector of this feasibility study. Its nominal tie rod
tension is 6400 N.
HRM-NG has more than 50 samples in flight and is the
base line for the new telecom NeoSat satellite
generation.

Figure 12 : tension release principle
This new function shall:
- Release HRM internal tension down to zero
- Act within 15 minutes (TBC)
- Not act ‘‘naturally’’, that is to say under
thermal environment of the HRM
- Weight less than 150g
- Use the satellite bus voltage (up to 100 V)
- Dissipate less than 30W
- Be redounded
- Generate less than the following exported
shock:
Out of Plane direction
In-Plane
Freq. (Hz)
Accel. (g)
Freq. (Hz)
Accel. (g)
100
3
100
3
2000
100
2000
100
10000
100
10000
100
Figure 13 : exported shock specification
Environments of the HRM-NG are the following
(qualification levels):
Cold case thermal environment
o Environment at -180°C
o satellite interface at -35°C
o antenna interface at -180°C
This leads to a minimal temperature of SMA
components of -45°C before activation.
Hot case thermal environment
o Environment at +130°C
o satellite interface at +55°C
o antenna interface at +130°C
This leads to a minimal temperature of SMA
components of +72°C before activation.
Mechanical environment

Added function and specification for HRM-NG
The principle of this 3rd function is to add, in the
compression path, a device (see [5] on Figure 12) able
to strongly decrease its thickness when heated. After
activation, the tie-rod is no more in tension and can be
released without any shock (see [6] on Figure 12).

Sum up of the main internal constraints:
• Minimal temperature at SMA level: -45°C
(sizing for heating system)
• Maximal temperature at SMA level: +72°C
(only for HRM-NG applications)
• Nominal tension in the tie rod: 6400N
• Minimal shrinking of the SMA: 0.33mm
Figure 14 : Mechanical environment
These environments, added to the reflector mass, leads
to a nominal tension in the tie rod of 6400N. Thermoelastic effect add about 700N, which gives 7100N of
maximal tension.
Thermal aspects
The temperature of +72°C comes from HRM-NG
thermal analysis. But it doesn’t cover all the
configuration where other types of HRM are used.
TiNi SMA devices are used in Thales Alenia Space
release and deployment mechanisms, but their
transformation temperatures (< 100°C) are not
compatible with the hotter cases of all HRM needs.
That’s why it is necessary to use a base copper SMA
component, which transformation temperatures can be
tuned between -50 and +250°C.
The chosen alloy has got transformation temperatures
measured on one sample at +128 (beginning) and
+137°C (end of transformation). Taking into account a
10°C uncertainty on each side, the heating need comes
above 150°C in order to guaranty the full SMA
transformation.
So the temperature regulation is foreseen to be above
150°C and below 160°C.

SMA component specification
Taking into account the mechanism needs and SMA
constraints, the main requirements on the SMA
component are the following:
• Length x area = 10mm x 570mm²
• Minimal restrain > 4,0% (shape recovery)
• Under temperature in range [100°C ; 150°C]
o No deformation up to 100°C
(>>72°C)
o Full shape recovery bellow 150°C
Mechanism test plan
The goal of the tests of the breadboard is:
To demonstrate the feasibility of the
accommodation and sizing (power, …) with
respect to thermal environments (cold case)
and correlate the thermal model;
To show the mechanical solicitations have no
impact;
And in the end to measure exported reduced
shock level wrt HRM-NG standard version.
So, After some adjustments of the configuration, the
foreseen tests are given by the diagram hereafter.

From a thermal point of view, the worst case is the cold
case. The radiator will have to heat the SMA component
from -45°C (see specification above) up to 150/160°C.
A dedicated thermal study allowed us to size the heating
system at 10W. A duration of 40min is then necessary.
Mechanical aspects
As for mechanical aspects, the fact to add a device in
the mechanism lengthen the tie rod of a few 10mm.
Taking into account this point, the nominal tension in
the tie rod and its dispersion, and the SMA properties,
this leads to a SMA shrinking need of 0.33mm after
activation.
In terms of vibration, our subsystem is mostly solicited
by random vibrations in the plane (perpendicular to tie
rod axis), so the mechanical test for this breadboard will
be limited to one radial random axis.

Figure 15 : Test sequence
Before going to vacuum and cold environment, a release
is foreseen at room temperature and ambient conditions.
In this test, exported shocks will be measured. The
results will be compared to measures done in the past
with the HRM-NG in its flight definition.

Then a test will be carried on in vacuum at cold
temperature (environment at -180°C and satellite
interface driven at -35°C), in order to validate the
heating in worst case.
After a reconfiguration of the HRM, it will undergo a
vibration sequence. Random along a transverse axis is
the worst case.
Following the mechanical solicitations, a second
untightening and release test will be done, with exported
shocks measurement.
Then, the mechanism will be dismounted for a visual
inspection.
4.

CONCLUSION
On SMA

Thanks to this new development, NIMESIS can now
provide SMA components using CN-250X alloy for
space application. Dimensions are from 0.5 mm to 25
mm diameter, 1.5 m for small diameter and 0.3 m for
big diameter. The manufacturing process has been
implemented to get the best quality, reproducibility and
reliability. NIMESIS ensure the traceability and can
provide a certificate of compliance for each component.
This new alloy allows to respect ECSS norm for space
mechanism. The actuating temperature can be adjusted
in the range -100°C to 250°C. Components can provide
150 MPa and 8% of strain in all kind of mechanical
solicitation and without shock.
On mechanism
In order to demonstrate the feasibility of a tension
release system, a mechanism has been chosen (HRMNG, dedicated to antennas). The new function has been
integrated in the HRM and sized thanks to a thermal and
mechanical study.
At this time, manufacturing of the breadboard is
running. The test configurations are under preparation in
order to have results in September.
SMA copper based seems to be the good candidate to
fulfill the function in the given thermal conditions.
The next step would be to accommodate and size this
function into a HRM which needs a much higher
tension.
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