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Abstract

This paper reports the design choices, test results, and practical lessons from developing a compact flight
siderostat whose mirror wings deploy using a Dcubed nD3RN release nut positioned on-axis. By locating
the Hold Down and Release Mechanism (HDRM) at the center of rotation, the restraint acts with an effective
0 mm lever arm. This design is now fully qualified and is ready for flight on the PhotSat Mission.

PhotSat mission background

PhotSat[1] is a project coordinated by the IEEC that involves the development and construction of a satellite
to track the 10 million brightest stars in the sky for at least two years. Through a system of rotating mirrors,
the satellite's two telescopes will take measurements of the entire sky (excluding a region of 32 degrees
around the Sun) every two days. The measurements will be useful for a variety of scientific programs,
including the search for exoplanets, characterization of stars, and observation of transient phenomena
(among many others).

Figure 1. The PhotSat Mission Satellite

The system that enables this rapid observation is the Siderostat, which uses a double ball bearing, gear,
and stepper motor to rotate the mirrors in order to change the observed field of view. This system has tight
volume requirements typical for CubeSat missions, and the zero-lever-arm deployment ensures it remains
compact during launch and deploys to conduct science operations once separated from the launch vehicle.

Use of Siderostat in Scanning

The Siderostat allows the sky scanning of PhotSat to be conducted with minimal impact on the attitude of
the satellite. While CubeSats are growing in agility, and can manually conduct this sky scanning, the solar
panel design would need to be complex to ensure sufficient power generation in all orbits. The use of a
Siderostat enables the PhotSat satellite platform to fix its solar panel design as a petal with one large face,
and to maintain attitude with that face directed to the Sun.
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The siderostats then rotate one full cycle, taking a series of images at each step of 4°, scanning a single
strip of the sky. Once this is completed, after approximately 1 orbit, the satellite rolls while still facing the
Sun, and begins a new strip. With each consecutive strip more of the sky is scanned.

Figure 2. Sky Scanning after 1 Orbit, 2 Orbits, and Several Orbits

This results in the ability to take images of the entire sky after only 2-3 days. As part of the PhotSat mission,
the siderostat was developed in-house at IEEC. This began with several months of design iterations,
followed by various prototypes and testing, as the overall mission concept matured. Ultimately, in 2025, the
mission entered a much more mature phase, and a Qualification Model was assembled, with rigorous
functional and environmental testing. Following the positive results of this, two Flight Models of the
Siderostats were assembled, and are now ready for Payload Integration.

Siderostat Design

Top Level Design
The figure below shows the top-level flight design and key elements.
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Figure 3. Top Level Siderostat Elements in Stowed (Leff) and Deployed (Right) Configuration

The key mechanical elements are: Release Mechanism - Once in orbit, current is sent to the actuator
which deploys the mirror, Mirror - Reflects light into the telescopes with a specific coating for UV and visible
respectively, Straylight Shield - Side and top panels to reduce impact of straylight, Mirror Hinges and
Springs - Provides the force for actuation, Motor, Gearhead and Ball Bearing - Allows the siderostat to
rotate once deployed, Home Switch - Allows the siderostat to calibrate its known home position in case
this information is lost on orbit.

Release Mechanism

The siderostat mirror is stowed during launch and must be deployed once the desired orbit is reached.
Several non-explosive actuators were evaluated as hold down and release mechanisms to achieve this.
Pin pullers were discarded due to the load capacity over volume ratio which identified the release nuts as
a more suitable candidate for this mission. Once the deployment is triggered the final position of the mirrors
is controlled by means of an end stop.
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Figure 4. Mirror Hinge and End Stop

Two types of end stops for the mirrors are implemented: a 2mm diameter pin stopper for fine angles
between 44 and 46 degrees and a squared shape stainless steel block which contacts the extrusion on the
mirror bracket when it opens. A spring plunger was also incorporated into the EM and QM versions to
establish a force which prevents deviation of the mirror position from nominal.

The HDRM selected for the mission is a space qualified (TRL 9) Shape Memory Alloy (SMA) based
mechanism with an ultra-low shock, making it ideal for the mirror deployment. The datasheet and webpage
are available in the references [2].

Figure 5. Left: View of the mirror top lid attached to the release mechanism. Right: Cross sectional view of
the stowed assembly. The top mirror lid is compressed by means of a screw attached to the nut.

A cup-cone fitting has been used in order to help align the system in a straight position and most importantly
to prevent shear forces that could occur during the launch (which might have increased the preload required
on the HDRM). In order to deploy each mirror, current must be sent to the actuator, the nD3RN-AL, which
is used through Joule effect to heat the SMA element. This actuator relies on the deformation of a Nitinol
wire element. Once the wire reaches its transition temperature (approx. 85°C), it is activated by supplying
current for a continuous period (on the order of a few seconds).

Multistage Deployment

In addition to the mirror reaching its position to reflect light into the optics, another deployment mechanism
is attached to the straylight shield of the siderostat. This shield is folded down as part of the mirror initially
but has its own springs to deploy it separately. This means that the deployment process is slightly more
complex, as seen in Figure 6 (screenshots from a video):

Figure 6. Multistage Deployment
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The straylight shield is extremely low mass, so it does not cause much disturbance to the Siderostat
deployment, but its rotation axis introduces a risk of jamming the release nut mechanism due to a zero-
lever-arm deployment. In most uses of this actuator the deployment is linear, and the nut is released directly
away from the actuator. However, in the siderostat design, there is additional lateral motion due to the
straylight blinder deployment.

To combat this, the torsion springs driving the deployment of the straylight shield and the mirror had to be
carefully chosen to ensure a smooth deployment where the nut could exit the HDRM before deployment of
the panels. This was achieved with the use of an additional wave spring in the pin inserted into the actuator
that additionally was used to provide the necessary preload to prevent gapping during dynamic loading.

It was quickly noted that the preload needed to survive dynamic loading could lead to a partial deployment
where the nut was not fully exiting the HDRM body leading to a jamming scenario (due to the springs
chosen). Since the HDRM could take much higher preload than the targeted one, it was decided to increase
the stiffness of the spring and thus increase the preload and resulting deployment forces by an order of
magnitude, leading towards an early extraction of the nut before any other motion was triggered. This
ensures a smooth deployment even without linearity.

Siderostat Qualification

A series of functional tests were defined and conducted on the qualification model to verify performance
and give a baseline for comparison after environmental testing. This included:
e Repeated deployment tests in which the angle of deployment is measured
e Long term rotational testing to verify no issues causes a complete stop of the rotation, ensuring the
motor can provide enough torque to rotate, and that mechanically there are no issues
e Home Switch testing to confirm the position of the Siderostat can be known and controlled using
only the home switch and motor

It was critical to verify that the system could perform in vacuum and across a range of temperatures. A
newly installed IEEC TVAC facility located in IFAE (Institut de Fisica d'Altes Energies) was used.

PhotSatQM - Monitoring TCs (1-10) and Chamber Vacuum Pressure

| Hot
deployment

o B T I e N Y
Deployment

Figure 7. IEEC TVAC Facility

Deployments were completed at -20°C and +50°C. After each test the chamber was opened to measure
and reset, and both were fully successful. Additionally, for the remaining duration of the test, a series of
individual steps were performed to rotate the siderostat.

Vibration Testing

The Qualification Model of the Siderostat was also subjected to vibration loads as per standard CubeSat
deployer interfaces. The loads were assumed to be attenuated through the deployer or platform interface,
meaning that potentially the Siderostat was overtested, making this design much easier to be justified for
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its use in other missions. The specific tests were Low Level Sine Resonance Searches, Sine + Quasi-static
Sine Burst, and Random, in all three axes.

Figure 8. QM Vibration Setup

At the end of qualification, the following results were found:
e Over 20 individual deployments were conducted (including in vacuum and after vibration) with
consistent deployment without issues
e More than 150,000 total steps completed through all testing, with any stalls or issues being
identified as caused by issues with GSE, comparable to 10% of the 3-year operational lifetime.
e Home Switch performance:
o Switch size: 152 steps = 13.5°
o Switch sensitivity: 1 step = 0.08893°
o For comparison, the FOV of an entire frame is 8°. So the error induced by the switch
knowledge is on the order of 1% of the image lost, which is well within requirements
e None of this performance was impacted by environmental testing, nor was the performance
degraded with successive testing

Siderostat Issues Identification and Resolution

Spring Plunger Fixed in Position

Towards the end of the qualification campaign (when functional tests were being repeated after vibration
and TVAC) which involved at minimum 20+ manual stows (made possible by the HDRM solution selected),
the mirror became stuck in the released position and could not be restowed even with a reasonable amount
of manual force applied. After physical inspection and disassembly, it was determined the issue was caused
by the spring plunger on the right hinge (see Figure 9 viewing from the back of the mirror).

Figure 9. Spring Plunger Issue
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Instead of the plunger being pushed downwards, there was additional friction that caused it to initially be
lifted upwards, which did not allow for further movement of the mechanism. This issue meant that post
deployment, the mirror could not be restowed, which would not be an issue on orbit but would complicate
the assembly, integration, and test process with the flight models. As such, the spring plungers were
removed from the design with follow up testing to confirm it did not impact the stability of the mirror or the
stiffness in the deployed configuration.

Conclusions

A zero-lever-arm deployable siderostat has been designed, qualified, and assembled ready for flight. The
key lessons learned were related to keeping the design as simple as possible, and if an element introduces
more failure modes, to simply remove it when it does not benefit the performance of the system. In this
case, the siderostat payload has shown that mechanical deployable systems can be successfully used
even on low cost CubeSat missions with a fast development time.

Figure 10. Assembled Flight Model Siderostats
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