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Abstract 
 

The SADM-200 (Solar Array Drive Mechanism for 200 W) is a new mechanism developed at Comat in order 
to provide solar array rotation and power transfer for small satellite applications. This mechanism is 
designed to be as compact as possible while providing a reliable angular positioning and electrical power 
transfer from the solar array to the satellite. Robust mechanical guidance and high-quality components 
selection allows an accurate positioning with low angular play while withstanding the tough mechanical and 
thermal environment faced during launch and in space. The development focused on keeping the cost as 
low as possible through the use of COTS (Commercial Off The Shelf) while maintaining a high quality 
requirement. This paper describes some aspects of the development and issues that were resolved. 
 

Introduction 
 
Following a growing demand for affordable off-the-shelf SADM for small satellite applications, Comat 
started the development of a new product with the help of the CNES, the French space agency. This paper 
presents the main development and risk reduction steps of this SADM-200 mechanism. The design started 
in 2020, the PDR was held in 2021 and the CDR was passed in 2022. Additional risk reduction tests were 
performed in 2023 and the qualification started in 2024 and is currently in progress, expected to be fully 
qualified in the second half of 2024. Six FM are being built for two already planned flight missions in 2025 
and after. 
 

Design and Development 
 
The design resulted in the mechanism shown in Figure 1; this is the version without a cover.  
 

  
Figure 1: SADM-200 mechanism pictures 
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A configuration with the addition of an external aluminum cover for additional mechanical and radiation 
protection for the electronics is also in development. 
 
A Design Kept as Simple as Possible 
The SADM-200 is built around 3 main components: 

 Slip-ring: allow the power transfer from the solar array to the satellite while rotating, with 
unlimited rotation angle. 

 Gearhead motor: drives a slow (up to 0.01 rad/s – 0.1 rpm in flight, 0.14 rad/s – 1.3 rpm in 
qualification) and relatively accurate rotation (<3° angular backlash). 

 Bearings: ensure a smooth, low friction rotation. 
 
Comat designed the SADM-200 embedded motor control PCB, benefitting from the development of the 
reaction wheel product line. Hence an important portion of the components (such as connectors or micro-
controller) are reused, however, new embedded software was developed. 
 
Main Requirements 
The SADM-200 main characteristics are shown in Table 1. 
 

Table 1: SADM-200 characteristics 

Parameter Value 

Volume  Ø80, length 85 mm (cover-less 
version) 

Mass  <0.465 kg  

Operational Temperature 
(satellite interface) 

 -20 to +50°C 

Non-Oerational Temperature 
(satellite interface) 

  -40 to +60°C 

Solar array Voltage  Up to 28 V 

Solar array Current  7.14 A (through 7 pairs of power lines) 

Supply voltage 10 to 18 V  

Supply current < 0.5 A 

Dissipation  < 4 W 

Range Unlimited 

Angular resolution 0,03° (per motor step) 

Angular accuracy <±3° (gearbox and reed switches) 

Nominal speed 0.01 rad/s (0.1 rpm) 

Qualified speed 0.14 rad/s (1.3 rpm) 

Actuation torque Up to 0.350 Nm 

Holding torque (unpowered) Irreversible motion (gearbox), <0.5 Nm 

Lifetime 100,000 full turns (qualification target) 

FIT <124 @80°C (embedded electronic) 
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Reed Switches 
 
Since the baseline mechanism does not include a position sensor for compactness reasons, two top-turns 
are positioned 180° apart in order to regularly be able to adjust the software position indication. The reed 
switches are magnetically activated, normally open devices. They close when the magnet fixed on the rotor 
passes nearby. 
 
Regarding the magnet selection and design, past issues with NdFeB corrosion [1] and their higher 
sensitivity to temperature led us to select Sm2Co17 magnets. Although being less common on supplier 
shelves than NdFeB, their high resistance to temperature and corrosion-free material composition suited 
our needs. They also show high magnetic performances with typical remnant induction around 1.1T 
compared to 1.3T for NdFeB. 
 
Reed signal flickering 
The motor used is a two-phase stepper, supplied with a current-controlled driver. Owing to its compactness, 
the magnetic circuit is relatively thin and there is an important part of non-canalized magnetic field. Hence 
the two reed switches are impacted by the resultant motor magnetic field which overlaps the one generated 
by the switch’s magnet placed on the rotor. The most notable consequence is a repetition of on/off toggles 
on the reed when the magnet is angularly closing in while the motor is activated, as shown in Figure 2 
issued from measurement at nominal motor current and speed. This flickering should not be confused with 
the nominal bouncing behavior [2] that occurs at higher frequency and for a very short duration (a few ms) 
compared to the effect we are noticing (a few seconds, depending on rotation speed). 
 
Based on the measurements (see Figure 2) with nominal current (360 mA), the reed can start to pull-in up 
to 5° before the final threshold angle (2° before in the figure), when the reed remains closed. Hence 
preventing accurate and repeatable position adjustment. 

Figure 2: Reed signal measurement plots vs rotor angular position – magnet closing in and inducing 
flickering – raw, unfiltered signal 

 
In addition, the motor influence regarding the reed flickering is further established by testing with different 
phase current values. The resulting number of reed activation per rotation is indicated in Figure 3. 
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Figure 3: Number of reed activation per turn vs motor phase current 
 
As expected, the higher the motor current is, the higher its external magnetic field is, hence inducing reed 
flickering at earlier angular positions and for a higher total number of activations. The higher number of reed 
n°2 is due to a lower magnet-induced field at its position (measurements performed) probably caused by a 
higher distance to the triggering magnet (within mechanical chain of dimensions tolerance). With a lower 
magnet-induced field at this location, the motor magnetic field then gets more relative impact on the reeds 
flickering range.  
 
Mitigation options and selected solution 
The reed activations number versus phase current relation is relatively linear and seems to reach 0 
activations per turn at around 150 mA. Reducing motor current would then be an option to cancel the 
flickering effect, however, motorization margin would be affected. Magnetic shielding could also be possible 
to greatly reduce motor magnetic field but would add mass and require volume that is not easily available 
in this compact mechanism. 
 
In the end, a software solution is preferred. Thanks to a built-in post-treatment algorithm, filtering out 
temporary reed’s activations, these undesired activations are ignored and only one rising front per reed is 
considered. The final reed rising front positioning accuracy of the system is measured under 0.5° (3 sigma 
repeatability) which is well within the targeted 3° position uncertainty. 
 
Impact on reed lifetime 
The other impact of this flickering effect is that it increases the total number of activations during the 
mechanism entire lifetime. The required qualified number (qualification in progress) is 100,000 full 
revolutions, which is to be multiplied by the average number of reed activations per turn (50-60), leading to 
around 5 to 6 million. The reed supplier ensures a minimum number of 10 million activations for the lifetime, 
which then allows a maximum number of activations per turn of 100, covering the SADM-200 measured 
number with margin. 
 

Mechanism Magnetic Moment 
 
Initially designed without a defined magnetic moment target, later specified at 20 mAm², the SADM-200 
design specification was to use amagnetic materials. After the first EM was assembled and submitted to all 
tests, a magnetic moment measurement was performed in the dedicated CNES laboratory which locally 
cancels earth magnetic field (see Figure 4). Different SADM-200 operational configurations were tested, 
especially the modes: OFF, IDLE (embedded software switched on but motor off) and ON (motor activated 
at nominal speed and current). 
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Figure 4: Magnetic moment measurement on EM1 (CNES) 
 
Magnetic Moment Measurement 
The mechanism magnetic moment was measured slightly above 50 mAm² for the worst case, above the 
20 mAm² target. Several angular positions were tested with the SADM-200 turned OFF and the 
measurements shows that the magnetic moment is turning along with the rotor, with an amplitude of  
20 mAm² (see Figure 4). 
 

Figure 5: Variation of magnetic moment module during a full rotor revolution  
(motor OFF at each measurement step) 

 
Magnetic moment sources identification and solution 
This result indicates that some of the magnetic moment source is located within the rotor sub-assembly. 
The rotor parts were then checked and two potential culprits were found: the 440C from the bearing’s rings 
and the 15-5PH stainless steel of the bearings preload nut. Extending to the stator parts, the same material 
was also used in and around the bearing assembly. 
 
Both materials have a martensitic structure and known typical magnetic permeability up to 100 and remnant 
induction depending on the part history (especially during machining, vibration tests when the part is 
subjected to machine magnetic fields). The 440C is selected for obvious heritage reasons, no realistically 
usable alternative was identified. The 15-5PH was selected for its thermal properties (coefficient of thermal 
expansion) similar to the 440C (10 to 11 ppm/K), and large heritage within Comat past and current 
mechanisms. 
 
The four parts of 15-5PH material were then updated to an austenitic non-magnetic 316L stainless steel in 
a design iteration to the final QM configuration. The qualification will include a new magnetic moment 
measurement with a value that should be noticeably reduced. 
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EM Test Results 
 
The engineering model was subjected to many risk reduction tests including vibration, shock and thermal 
vacuum cycling. The thermal vacuum test allowed measurement of the self-heating behavior of the SADM-
200, especially the motor and allow comparison with the model predictions and components temperature 
limits. At the maximum operational temperature of +50°C, motor overheating of +37°C was measured and 
a relative temperature offset with the temperature reference point (TRP) placed on the backside of the 
mechanism of near 30°C. Since there is no thermocouple on the motor (no available space), the TRP is the 
only thermal proxy for the motor temperature. Knowing the thermal offset at the maximum operating point 
then allowed us to indicate the maximum allowed temperature at the TRP in order to keep the motor 
temperature within its operational limits. 

 
Qualification 

 
The qualification sequence will follow a typical path of mechanical and thermal vacuum environments 
followed by a lifetime operational test under ultrahigh vacuum and thermal conditions. Regular functional 
tests will control the evolution of main performances throughout the qualification campaign. 
 
The lifetime test will start with ground representative cycles (4000 full turns and 4000 ±30° sweeps). Then 
a total of 100,000 full rotations will be performed with a current of 1 A passing through the 14 power lines 
of the slip ring. An equivalent fraction of the total number of cycles will be performed at +50°C, -30°C and 
+20°C, in order to combine operational vacuum and temperature constraints. The test is performed at 
slightly higher speed (1.3 rpm compared to 0.1 rpm maximum flight speed) in order to keep its duration 
reasonable (57 days instead of 741 days, almost 2 years). 
 
For the mechanical environments, based on our experience and the lessons learned [3], it was decided to 
perform impact-based shocks instead of controlled fall machines. The shock tests on the EM were 
performed with a fall machine and the levels exceeded the envelope target, without possible adjustments 
to keep it in control. Carefully adjusting the impact shock parameters will avoid the risk of over testing and 
better fit to the targeted shock response spectrum, especially in lower frequencies and limit the risk of 
jumping slip ring brushes or other failures. The shock tests are planned for April 2024 and so results are 
unfortunately not available at the time of this paper. 
 

Conclusion & Acknowledgements 
 
This paper focuses on two issues that were encountered during the development of the SADM-200. Due 
to the compact size of the mechanism, the reed switches are positioned close to the motor, causing a series 
of abnormal reed triggers when the magnet is closing in. This issue was solved by implementing a dedicated 
software filter. Regarding the excess magnetic moment, the mitigation option selected was to change the 
15-5PH to an amagnetic 316L steel. The SADM-200 qualification is in progress and should hopefully 
validate the decisions made. The authors would like to thank CNES Toulouse and Comat teams for their 
support in this development. 
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