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Abstract 
 
The present work summarizes the development of a complete family of resettable Hold Down and Release 
Actuators (HDRA), called REACT, based on Shape Memory Alloys (SMA), from its conception to its 
qualification as component and subsequent integration in several final users’ systems. The paper details 
different topics involved in this development, including technological developments, design conceptions of 
the actuators, their unit qualification and their integration and qualification in different subsystems. 
 

Introduction 
 
The work presented in this paper was performed in the frame of an European project were a consortium of 
seven partners collaborated in the development of a family of HDRAs for general use. The partnership 
covered the definition of requirements for a variety of typical applications used by system integrators, the 
development and assessment of the required technologies, such as SMAs and the tribology of release 
mechanisms, the development up to qualification of the actuator and the qualification of several systems 
integrating the new device. The resulting REACT actuators have several advantages with respect to 
existing alternatives:  

• Easily resettable by manual operation through the separation plane without disassembly from the 
system, enabling the test of the final units before flight. An important reduction in Assembly Integration 
and Test (AIT) costs at the system level is enabled bre eliminating disassembly and refurbishment 
operations.  

• Low-shock compared to other technologies.  
• Non-explosive devices, therefore they do not require special safety and security measurements 

during installation and handling.  
• Wide range of operating temperatures. Two different temperature options are offered to customers: 

standard temperature and extended temperature.  
 

Development of REACT family 
 
The new design started from Arquimea’s experience with the design of a previous HDRA, which was 
completely redesigned to overcome the limitations found in the first version and optimize the final 
performanc as detailed in [1]. Three different models were developed: 5kN, 15kN and 35kN, in two different 
variants: standard operation temperature (-90ºC to +65ºC), based on NiTi, and extended temperature  
(-90ºC to +120ºC), motorized by SMARQ®, which was evaluated in previous ESA activities [2]. 
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The REACT design employs a segmented nut configuration, where the load is connected with a standard 
threaded interface. The nut is split in 3 segments. The mechanism is based on an over-center configuration. 
The thread segments are connected by link bars to a third element, called the external ring, which has a 
single degree of freedom in the longitudinal axis. The external ring is blocked in the preload or reset 
configuration by a set of balls, maintaining the nut segments closed and therefore supporting the external 
load. Once a trigger element, motorized by means of SMA initiators, unblocks the balls, the external ring is 
moved to a second position by internal springs. At this position, the nut segments are open and the load is 
released.  
 
The new mechanism allows its reset by simple manual operations from the interface plane, by returning the 
external ring to the reset position with a simple tool. This reduces the complexity of AIT operations, reducing 
costs and improving system operations. 

 

 
Figure 1. REACT QM Models. Different sizes and mechanical interfaces. 

 
Development of Shape Memory Alloy Technologies for High Temperature Environments 

 
REACT actuator uses a trigger system based on a SMA wire, which at the environment temperature is in 
the low temperature phase called martensite. When heated, this SMA fibre contracts by shape memory 
effect once its transformation to the high temperature phase (austenite) is reached. During this contraction, 
the SMA fibre produces a force high enough to trigger the mechanism.  
 
Two different SMA can be used in REACT. A commercial NiTi alloy is used for operation temperatures 
below 65ºC. Another High Temperature Cu-based SMA, SMARQ, is mounted in REACT allowing operating 
temperatures up to 125ºC because it has actuation temperatures over 140ºC. In Figure 2a, the thermal 
transformation of the SMARQ alloy is plotted, showing the small thermal hysteresis between cooling (direct 
transformation, in blue) and heating (reverse transformation, in red), obtained by integration of differential 
scanning calorimetry measurements. The last part of the direct thermal transformation during cooling 
extends along a broad temperature range, because the martensite plates have to nucleate against the 
internal stresses created during the progress of the transformation. However, it is enough to apply an 
external stress to promote the nucleation of the oriented martensites, getting a large transformation strain. 
In Figure 2b, a transformation strain close to 8% is measured for a stress of 23 MPa. This curve represents 
the thermal transformation under a constant load and is representative of the behavior of the material in a 
situation similar to the working condition of REACT. This kind of experiments were performed in a specific 
test setup working in an ultra-high vacuum (UHV) of 2∙10-8 mbar [1], and many measurements were 
performed at different temperatures in such an UHV environment, showing that the SMARQ material 
exhibits a good reliability in the space environment. 
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Figure 2. Behavior of SMARQ fibres used in the REACT extended temperature range. (a) Thermal 

transformation cycle without load. (b) Thermal transformation cycle under 23 MPa load. 
 
Two examples of SMA fibre activation under UHV are presented in Figure 3, for two different environmental 
conditions and activation parameters. In Figure 3a, the fibre was under UHV inside a cryostat at -110ºC, 
working against a load or 62 MPa, and in this case the electrical current on the heater surrounding the SMA 
fibre was a pulse of 3 A with an increasing ramp of 0.5 s, a constant current time of 6 s and a decreasing 
ramp of 0.5 s (curve red). The delay of the response of the triggering SMA fibre is rather long (about 5 s) 
because of the very low initial temperature of the SMA fibre, requiring to be heated above 125ºC before 
actuation. However, once the actuation starts, the complete strain contraction of 3.5 % (limited by a sensor) 
was accomplished in 1 s (curve blue). In the second example of Figure 3b, the SMA fibre was in UHV at 
125ºC working against the same load of 62 MPa. Nevertheless, in this case, although the current pulse 
sent to the heater has the same profile than before, a lower maximum current is used, 1.5 A. The delay to 
start the response was shorter, as expected from the higher environment temperature, but the actuation 
time was longer, as a consequence of the lower heating current. In both cases (a) and (b), four cycles are 
plotted superimposed to show the reproducibility of the actuation process. The parameters of the activation 
current pulse can be easily tunned in order to get the response required by the customer. 
 

 
Figure 3. Plots of the activation current pulse (red), and strain-time response of the SMARQ fibres, 
measured in UHV of 2 ∙10-8 mbar. (a) Cryogenic test at -110ºC. (b) High-temperature test at 125ºC. 
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Analysis of Lubrication 
 
A set of tribological test activities were performed at ESTL with the following objectives:  

• to carry out testing at a fundamental (pin on disc) level to evaluate and compare candidate lubricants.  
• to carry out testing on sub-assemblies equivalent to the Qualification Models. 
 

Five lubricants were applied to EN31 steel disks and Ti-alloy disks and they were evaluated in the pin-on-
disk tests. Testing was carried out in air and in vacuum:   

• Sputtered MoS2 – applied by ESTL using PVD process. 
• Everlube 620C – bonded lubricant applied by Arquimea. 
• Molykote D321R - bonded lubricant applied by Arquimea. 
• Molykote D106 – water-based bonded lubricant applied by Arquimea (note that this is a different 

product from Molykote 106). 
• X54 – PTFE based lubricant. 
 

The test program was completed and the results are summarised in Figure 4. 
 

Table 1. Pin on Disc Test Conditions 
Motion type Reciprocating 
Motion cycle static, +5mm/s, static, - 5mm/s (TBC) 
Stroke length 10 mm 
Number of cycles 250 in air, followed by 250 in vacuum 
Test Temperature Laboratory ambient 

 

 
Figure 4. Pin-on-Disk Results on EN310 Steel and Ti-Alloy 

 
Based upon the results from this tribometer test program together with existing flight heritage and test data 
for Molykote 106 (solvent-based, butyl alcohol), it was agreed that this lubricant was the preferred candidate 
for the REACT application and it was therefore selected.   
 
Three REACT units were tested, one of each size, defined as 5kN, 15kN and 35kN units and equivalent to 
the Qualification Models. The assemblies were tested under the following conditions: 

1. Air at ambient temperature (ISO 7 Class Cleanroom: 55% ± 10% RH, 22°C ± 3°C). 
2. Vacuum (target 1x10-5 mbar or less) at ambient temperature (22°C ± 3°C). 
3. Vacuum (target 1x10-5 mbar or less) at 120°C. 
4. Vacuum (target 1x10-5 mbar or less) at -90°C. 

 
Each test comprised a single actuation driven by a stepper motor and the actuation torque was measured. 
The results are provided in Figure 5. 
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The three units, 5kN, 15kN and 35kN, all actuated successfully at each of the test temperatures. The results 
indicated that the temperature and environment did not have a significant effect on the actuation torque. A 
post-test examination revealed that although the Molykote 106 lubricant was worn, it was still present and 
protecting the critical sliding surfaces (examples are illustrated in Figure 6). 
 

 
Figure 5. Actuation Torques Measured in the Thermal Vacuum Tests 

 

 
Figure 6. Comparison of Sliding Interface with Steel Ball Before (left) and After Testing (right) 
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REACT Qualification Campaign 
 
A complete qualification campaign has been defined for each model and temperature variant, for a total of 
6 campaigns. Each campaign includes 3 different units covering different mechanical interfaces for the 
customers. Figure 7 summarizes the qualification campaign sequence for each variant. 
 

 
Figure 7. REACT Qualification Campaign 

 
The qualification campaigns of the REACT 5kN and 15kN Standard Temperature units have already been 
completed, while the rest of campaigns are on-going. The main results and findings are: 

• The units are being qualified to a lifetime over 50 cycles, which enables for at least 10 cycles on 
ground and one in orbit, according to ECSS. Extension to 70 cycles during qualification to enable up 
to 15 on ground uses is being implemented on new campaigns. REACT 15kN Standard temperature 
has already completed its qualification for 70 cycles. 

• All the units withstood their proof load (6.5 kN, 19 kN and 43.5 kN, respectively) with high stiffness 
and were able to release even under such preloads. Axial stress tests have shown that the strength 
of each unit are well above the specification values. REACT 5kN has shown a strength over 18 kN, 
where the test resulted in external bolt fracture without any sign of damage to the device, which was 
still showing normal behavior actuating in nominal conditions. The REACT 15kN test resulted in the 
breakage of the external bolt at 45 kN and the device showed nominal behavior after the test. In the 
case of REACT 35kN, a maximum preload of 100 kN was reached, at which point the interface 
between the bolt and the tensile machine was broken. The unit was still fully operative after such 
load. These values show the robustness of the design and a high confidence in the device mechanical 
strength due to the application of design margins. 

• Vibration and shock environments were succesfully applied to all the models, showing that the device 
holds the rated load without issues.  

• The units were subjected to 6 thermal cycles over the operating range, followed by actuations at low 
and high temperature extremes. The devices showed good behavior during the cycling and actuated 
successfully. 

• Misalignment and creep tests were performed to characterize the devices. The results during 
misalignment tests showed that the units were able to accomodate half-cone angles of more than 
4.5º during integration and release. Creep tests were run for more than 6 months succesfully, showing 
very low initial preload loss followed by stabilization. Nominal actuation has been achieved after the 
test. Creep tests are being extended to 12 months. 

• Force margin tests have been completed by assembling SMA initiators with a fraction of the nominal 
cross-section, and therefore a fraction of the available output force. This way, the force margins of 
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the real devices can be obtained. These tests were completed in different environmental conditions 
for each model: ambient conditions, minimum temperature with air (worst case for the lubricant) and 
minimum and maximum temperature in vacuum. The models showed margins above 6X in all cases, 
as required by ECSS [4], with some models showing more than 11X margin. This value shows the 
reliability of the device to operate under worst conditions. 

 

   
Figure 8. REACT Qualification – Left: Vibration test. Right: Missalignment test 

 
Launcher Separation System 

 
For the qualification of REACT as the release device for an Airbus DS separation system, a fully flight 
representative clamp-band type LPSS937* was chosen as the test item. The LPSS* Separation System is 
the Airbus DS solution for clamp-bands where low shock and high load carrying capability are essential. 
Airbus DS is a provider of Separation Systems in the European market for Ariane-5, Soyuz and VEGA 
launchers. Also, in the American market, Airbus DS provides Separation Systems for Space-X and Orbital-
ATK. Finally, in the Japanese market, Airbus DS clamp-bands fly in HIIA and will soon fly in HIII launchers. 
 

   
Figure 9. Airbus DS LPSS* Separation Systems (left). Endurance results during LPSS937* qualification. 

 
To enable the use of REACT on LPSS*, some mounting/adaptation hardware was designed and 
manufactured. Later, the LPSS937* clamp-band, employing a REACT 15kN Extended Temperature model, 
were subjected to the standard qualification test campaign applied to all Airbus DS flight separation 
systems. The test campaign began with a functional release test, to verify that the REACT enabled proper 
performance of the clamp-band. Although the functionality of the system for minimum, nominal and 
maximum band tensions was correct, an unexpected hooking of the “key” was detected. The “key” is a part 
that trasmits the tension load of the clamp band to the REACT through a shock reduction mechanism. The 
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main outcome of these tests was the need for a device to eject the key faster than the movement of the 
shock reduction mechanism. This device could be a simple pull-out spring.  
 
The next step was the life test campaign consisting of ten tensioning/release tests to demonstrate that the 
clamp-band will survive to launch after ten releases. The main outcome of this campaign was the 
confirmation of the hooking issue (Figure 10 left). 
 
The LPSS937* plus REACT assembly was subjected to a random vibration level of 20-G RMS showing a 
stable and adequate dynamic behavior without high amplification. After the successful environmental test, 
the clamp-band was released to demonstrate the survival of all its components including the REACT 
release device. 
 

 
Figure 10. LPSS937* qualification setups using REACT. Vibration test (left). Thermal Vacuum Test 

(center). REACT detail connected to the clamp-band (right). 
 
The thermal qualification of the LPSS937* plus REACT assembly was performed in vacuum conditions. 
The assembly was submitted to four cycles between LPSS* extreme cold and hot qualification temperatures 
of -55°C to 120°C. Functional releases were performed both at cold and hot conditions demonstrating the 
correct function of the REACT as the LPSS* release device. Finally, the clamp-band was tensioned to its 
nominal band tension and this parameter was measured and recorded for more than one month to 
determine its relaxation. The observed behavior was normal, with a relaxation of just 0.3 kN in the 
mentioned time period. 
 
Conclusion  

• Tensioning operation torque/preload relationship and the repeatability of this parameter in 
consecutive operations is similar using REACT to the release devices previously used on LPSS*. 

• It is necessary to implement an extractor for the key bolt (bolt retained by REACT) either installed in 
REACT body or as part of the LPSSS937* mechanism. The lack of this extractor creates an 
incompatibility between the velocity of the key bolt driven by the opening of the band mechanism and 
the movement of REACT fixed to the clamp-band main-beam. The result of this incompatibility is an 
unexpected hooking between two pieces that causes an off-nominal band release. 

• Main outcome of this work is that, although there are still a set of activities to be done prior to the 
conclusion of formal REACT qualification for Airbus DS clamp-bands, it is clear that the device is an 
option, at least for a given type of missions where the activation time of several seconds is acceptable. 

 
Planetary Exploration Subsystem 

 
Added Value Solutions (AVS) participated in the development and qualification of a Hold Down and Release 
Mechanism for a planetary exploration subsystem. AVS designed a HDRM based on the REACT 5kN to 
hold and release the Sample Canister of an interplanetary sampling tool. The “Sampling Tool Mechanism 
for Low Gravity Bodies” developed by AVS collects a minimum of 100 g of regolith from the surface of a 
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low gravity celestial body for later transfer to the next step in the sampling chain. Therefore, once the regolith 
has been sampled successfully, it is necessary to perform two disengagement sequences: 

• The first disengagement releases some parts of the mechanism leaving the canister exposed. For 
doing this three HDRM's located 120˚ apart are needed. 

• The second disengagement releases the sample canister and here is where the new REACT Hold 
Down and Release mechanism (HDRM) design is considered. 

 

 
 Figure 11. Sampling Tool Mechanism (left), 1st Disengagement (center) and 2nd Disengagement (right) 
 
Two models were developed in order to qualify the 5kN REACT HDRM: an Engineering Model (EM) to test 
the functionality of the design and a Qualification Model (QM), which was subjected to a qualification 
campaign. 
 
The functional test campaign was successful as all the requirements were met during the execution of the 
complete series of measurements. The HDRM EM released every time after the REACT EM 5kN actuator 
fired. The only issue encountered was related to the resetting procedure of the actuator, but they were 
solved for the QM phase. The results of the qualification tests are explained hereafter. 
 
A total of 22 releases were carried out, two of them in vacuum (10-6 kPa) and at a temperature of +120°C 
and -90°C. All of the deployments were successful. 
 
The HDRM survived to 25-G quasi-static acceleration along all axes, as well as to 31-G RMS during the 
random-vibration testing. Low-level sine-sweeps were performed before and after each random-vibe test. 
The pre- and post- sine sweeps were compared to verify that there were no eigenfrequency shifts greater 
than the predetermined tolerance of 5%. 
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Figure 12. Vibration Y Direction (left). Shock Test Setup (right) 

 

   
Figure 13. Sine Survey Comparison (Before and After 2 Shock Tests) at SA1 Channel (left). Test Setup 

for the Thermal Vacuum Cycling (center) and Cycles Carried Out During the TVac (right) 
 
Conclusion  
In conclusion, it can be stated that the 5kN REACT successfully passed the functional and qualification 
campaign. The issues with the resetting procedure that occurred during EM testing were resolved prior to 
starting the qualification campaign. The QM testing vallidated these changes and this time the resets were 
simple and repeatable.  
 

Large Structure Deployment System 
 
As part of the H2020 REACT project, SpaceTech GmbH (STI) verified the use of the new release 
mechanism for the separation of large solar generators, as typically used in space travel. A wide-ranging 
test campaign examined the possible uses for this actuator. The main objective was the qualification of the 
REACT actuator, preferably for multiple deployment jig designs for STI projects. The tests were performed 
using a 15-kN series actuator (QM). The basis for the physical design of the actuator mounting to large 
deployment structures were the interface points, for example as in the Sentinel S5P-project. Adaptators 
and test benches (GSE’s) for all mechanical tests were designed (CAD), analyzed (FEM) and manufactured 
by SpaceTech GmbH accordingly. After the test series was carried out, the following was determined for 
the respective tests:  
 
Electrical Test: The REACT actuator (QM) has two redundant electrical connections in case of failure of 
one circuit. The resistance of the nominal and redundant lines were measured. Both circuits indicated the 
required values. Additionally, isolation tests were performed to ensure that the conductive lines and the 
mechanical structural parts maintained electrical isolation. The insulation measurement revealed full 
isolation.  
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Functional Test: The REACT actuator (QM) was connected to a standard power supply (40V/2.5A). After 
approximately 4 seconds, the HDRM was released successfully. The actuator reset carried out after the 
release performed as expected without issue.  
 
Worst Case In-Plane Release Test: The deployment jig was mounted with a gap on both main hinges to 
create an angle offset between the screw and inner threads of the actuator. This was done via a practical 
simulation of a solar panel in-plane shift by replacing the positions from the actuator to the HDRM. After 
assembly, the actuator release was successful with an actuation time of 4 seconds.  
 
Vibration Test: In order to show that the actuator can withstand the mechanical qualification loads without 
damage, frequency shift, damping change etc., the actuator was subjected to sine and random vibration 
loads. As a result, it can be stated that no damage or debris occurred (visual inspection), no amplitude 
shifts greater than 20% and no frequency shifts greater than 10% were found. The resistance measurement 
(nominal/redundant) after vibration indicated no change.  
 
Release Shock Test (after vibration): To determine the release shock level at the interfaces (Spacecraft 
and Photovoltaic assembly simulated interfaces) and the substructures, release shock tests were carried 
out immediately after the vibration test (examined frequency range: 100 Hz to 10 kHz). During the first 
attempt to measure the actuator release shock level, the release was not completed. After investigation, it 
was confirmed that the screw thread engament exceeded the maximum allowed by the actuator. After an 
incomplete release of the actuator, the actuator was newly pre-tensioned. Special attention was paid to the 
thread depth control before the preload was initiated. The second attempt to release was successful.  
 
Further releases were carried out. There were no more malfunctions. The redundant circuit was used to 
trigger the release. It should be noted at this point that the Engineering Model (EM) at SpaceTech GmbH 
is in "continuous use". Of the approximately 150 releases, about 80 were triggered electrically and the other 
70 were triggered mechanically. In these tests, the shock accelerations were measured only sporadically.  
 
Life Cycle Release Test: To guarantee that the actuator can safely and reliably execute several releases in 
succession with no negative impact on the assembly performance, the actuator was pre-tensioned and 
released several times.  
 
Thermal Cycling Test: During the thermal vacuum test, the actuator showed no noticeable problems. After 
completion of the thermal cycle test, it should be noted that an undersired (thermally-induced) self-release 
did not take place and the preload force was fully maintained. The visual inspection was carried out and 
showed no visible changes. The subsequently performed release test could be carried out without any 
problems.  
 
Hot / Cold Self-Release Test: The actuator was subjected to thermal cycling with no self-actuation, and 
released successfully after thermal cycling when the electrical pulse was applied.  
 
Long Storage Test: After a storage period of several weeks, no self-release and no significant loss of 
preload was observed. 
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Figure 14. REACT Actuator (QM) Test Setup Vibration Test, Sensor Positions 

 
Conclusion  
The initial problems lay with the misunderstanding of the narrow tolerance for the screw-in depth during 
system assembly, which led to functional failures during the tests. This was identified and solved. Based 
on this, suggestions were made that should lead to an improvement in the monitoring of the actuator during 
the various test phases.  
 
The release shock test results indicate an exceedance of the required limits at the interface points (input), 
especially in the upper frequency range. Whereas on the dummy mass, the shock loads remained well 
below the requirement. These exceedances can be explained by the fact that the interface measurement 
points were located directly on the bracket for the tests performed in this project. At the output interface 
points, the shock response spectrum levels are likely to be significantly reduced by the damping of the 
structure.  
 
The final actuator mass and dimensions are significantly higher than the actuator of other competitors, 
which makes it especially difficult to use the REACT as a standard deployment solution for SpaceTech at 
the moment. If the mass of the actuator could be reduced, it would be an extremely attractive solution 
compared to the products of the competition. Above all, the extremely fast-recoverable preload is an 
enormous advantage. As already mentioned above, the reliability has been tested at SpaceTech GmbH in 
a lifetime comprising either electrical or mechanical releases far above the qualification limits. 
 

Small Satellite Deployable Subsystem 
 
The project undertaken at SSTL tested the 35kN standard temperature variant of REACT from Arquimea. 
SSTL were involved from the start of the project, defining requirements necessary for use in small satellite 
deployable systems. Test campaign of an EM could not be completed due to the mechanism not holding 
the maximum preload after a certain number of tests. This was mainly due to the selection of an excessively 
fine thread pitch. Arquimea further refined the design after these issues and sent a QM for SSTL to test. 
The qualification tests were completed and confidence was gained that the mechanism could perform 
consistently.  
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The qualification tests used REACT as the release mechanism within a solar array (HDRM). HDRMs are 
used by SSTL to secure deployable solar panels against the spacecraft during launch, and release once 
commanded in orbit. SSTL specifically adapted the HDRM design and qualification test set up to integrate 
the REACT actuator. Historically, many of the release actuators used by SSTL are not resettable by the 
end user and are must be returned to the manufacturer after one use, causing large impacts on schedules. 
REACT has the advantage of being easy to reset and non-explosive.  
 
The qualification test plan was driven by the requirements set out at the start of the project. This included 
testing the 35-kN preload, making sure the release and reset functions were as expected, and verifying that 
there was no degradation in performance after experiencing simulated in-orbit environments through 
vibration and thermal vacuum testing. 
 
After first confirming that the actuator received met expected properties such as mass, dimensions and wire 
resistance, it was set up in a tensile test machine to verify it could hold the maximum preload (Figure 14 
left). The actuator was fixed in the machine using bespoke MGSE which held the actuator down and pulled 
a load of 35 kN on a bolt fixed within the mechanism, and held for a period of time. This was repeated 
including application of a low no-fire current of 0.8 A on primary and secondary circuits to make sure that a 
small accidental current would not inadvertently cause deployment. Tests showed that the actuator held 
the load perfectly with no reduction in load. 
 
The actuator was fitted into SSTL’s solar array deployment test setup (Figure 15 center). The actuator was 
mounted within a hold down and release system incorporating a cup (spacecraft side) and cone (array 
side), kick-off springs to help separation, and a bolt catcher to trap the deployed bolt from the actuator. 
REACT was attached to the cup within the setup. The final deployment angle was set by SSTL tape spring 
hinges. Deployment was confirmed by an integrated micro-switch, which allowed for measurement of the 
mechanism’s actuation time. The functional tests were carried out using preloads of 16, 22 and 35 kN on 
both primary and secondary circuits. During these tests, shock was measured with the use of two 
accelerometers attached to the system. Each planned functional test successfully deployed the panel, and 
shock values remained under the required limit.  
 
After the successful deployment tests, the system set up was moved to the vibration test machine and 
underwent low level sine tests, qualification sine tests and random vibration in all three axes, at a nominal 
preload of 22 kN. The system passed all vibration qualification tests. The preload on the REACT mechanism 
did not decrease during testing and the deployments performed post testing were successful. 
 
The final qualification tests occurred while attached to a thermal plate within a vacuum chamber over a 
period of 4 days. Initially, one full thermal cycle at vacuum was carried out, with a maximum temperature 
of 60°C and minimum of -85°C, after which deployment tests occurred at a nominal preload of 22 kN at hot, 
cold and ambient. All thermal vacuum tests were successful with actuation time varying with temperature 
as expected. Ambient pressure and temperature deployment tests on primary and secondary circuits were 
carried out after the thermal vacuum testing to prove function had not been compromised. Both tests were 
eventually successful, although the primary test required an increase of voltage to the actuator to get a 
successful deployment. 
 
Conclusion  
The REACT mechanism successfully completed qualification testing whilst integrated within an SSTL 
HDRM for a small satellite deployable solar panel. The qualification testing demonstrated that the 
mechanism could perform as required during all stages of operation on ground and in simulated orbital 
environments. There were some occasions in which difficulty was experienced in actuating the device due 
to lack of margin between expected actuation time and maximum allowed pulse duration, however, with a 
more flight representative electrical setup, these issues would most likely be removed. 
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Figure 15. Proof Test (left). Function Deployment Test Setup (center). Use of Reset Tool (right). 

 
The resetting of the actuator (Figure 14 right) was easy and the feedback from the mechanism gave the 
operator confidence that the device had been reset properly. At no point was there any concern that the 
reset may not work or that the mechanism may not hold preload after a reset. 
 
Throughout the testing the REACT QM device was released 15 times (6 Pre-EVT, and 9 either during or 
Post-EVT), against its specified life of 10 releases on ground and 1 in orbit, which gives good confidence 
of the device’s life. 
 

Conclusions 
 
A whole family of HDRAs has been developed and qualified in this activity, including their quailification in 
systems for different applications. One of the key advantages of REACT is its resettability, which allows the 
users to perform integration and multiple tests in a short time, especially when compared to other existing 
solutions. This characteristic is especially interesting as a cost-efficient solution to improve the 
Manufacturing, Assembly, Integration and Test operations at system and satellite levels. Moreover, the 
resettability enables a test-what-you-fly and fly-what-you-test philosophy.  
 
In addition to that, the temperature range is competitive for most applications, giving different actuation 
options for different applications and uses (shorter actuation time and power for lower temperature 
environments, different load levels, mechanical interface options including compatibility with existing 
solutions,…). Another important advantage is its proven reliability, the high mechanical and force margins 
shown by the devices in the worst environment conditions. 
 
The devices have shown successful operation under a wide range of preload levels, from 0N to levels over 
their nominal preload, allowing loads over proof levels to be released during the campaign. In addition to 
that, the device showed capabilities to withstand loads much larger than nominal, maintaining functionality, 
which gives an additional robustness level, showing survivavility to any unexpected event. Finally, the 
device shows good stiffness and creep behaviour. 
 
During the work, several lessons learned have been identified: 

• A good analysis of the concept and its potential failure modes should be done as early as possible in 
the development. 

• Reducing the contact pressures in the critical friction points is very important. 
• The selection of lubricants together with a proper definition of contacts, materials and preparation of 

the surfaces is critical for a good and reliable space mechanism, as shown after the issues detected 
on the design selected at the beginning of the activity. 
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• Thermoelastic effects have to be well considered from the beginning of the design, especially for 
devices with wide operation range. 

• Adaptation to typical electrical interfaces of customers is important to reach the market. 
• The development of many variants of a new product in parallel is really difficult to handle in terms of 

cost, time and risk. It would be recommended to develop a first variant and then develop the rest of 
them. 

• Testing as early as possible during the development is key to find potential issues and problems. 
• A good definition of tooling and its interface with the thermal chambers is critical to reach good thermal 

cycling and to save time and money during test cycles.  
• EGSE sometimes is as critical as the flight device. The risk associated to poorly designed electrical 

equipment may compromise the integrity of the devices, with the consequent impact. 
• EGSE can be a sub-product of the activity. It is an important asset to improve the market access of 

REACT, reducing the costs and complexity of customers to test the new product. 
• It is important to tune the shock with a representative device prior to qualification, in order to avoid 

excessive levels during test. It is important to keep high frequency responses within limits. 
• It is needed to improve the clarity of the documentation shared with customers. The requirements for 

assembly of the unit into the system and its use (adjustment of electrical pulses for different 
conditions) is critical. 

• It is a good practice to offer guidance to customers for the adaptation of their designs to the 
characteristics of the product. 

 
Finally, there is a list of lessons learned coming from the users’ experiences, where collaboration between 
partners has been key for the identification of requirements, issues and the evolution of the product: 

• Better definition of critical points in user manuals, to avoid any misunderstanding that may lead to 
handling or operation errors. These manuals were tuned after the first users experiences. 

• Implementation of a quick user guide to summarize the most critical points for the use of REACT.  
• Elaboration of white notes to guide the users in the particularities of the device and its integration in 

systems. 
• Evolution of the test setups to be offered to customers as EGSE. It will allow easier use of the devices 

in addition to reduce the adoption time for customers. 
• It is important to collaborate with customers to ensure a proper design and use of the equipment. 
• Improvement of key details description in ICDs. 

 
Currently, REACT qualification campaign is ongoing for some models and different milestiones for each 
model have been accomplished: 

• REACT 5kN Standard Temperature has reached flight heritage as part of eSAIL mission in 2020. 
• REACT 5kN Extended Temperature has also reached flight heritage in two missions in 2019. 
• REACT 15kN Standard Temperature has succesfully completed its qualification. 
• REACT 15kN Extended Temperature model is in the middle of qualification campaign and has 

already been selected for several flight missions. 
• REACT 35kN Standard and Extended Temperature are running their qualification campaigns. 
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