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ABSTRACT

Data transmission is a crucial component of all space
missions. The APA/SAMA (Antenna Pointing
Mechanism / Steering Antenna Mechanism Assembly) is
a modular system designed for RF antenna pointing and
target tracking. It includes a two-axis steering
mechanism, drive electronics, antenna and waveguide
with two contactless rotary joints. Additionally, a two-
stage HDRM (Hold Down and Release Mechanism) has
been developed to ensure the structural integrity of the
two axes during launch.

The assembly was developed to meet the requirements of
three distinct and challenging missions: LEO downlink
in the Ka band (Co2M), MEO intersatellite Ka band
communication (G2G), and deep-space interplanetary X-
band communication (MSR ERO).

Besides that the enveloping range for environmental
conditions of these missions is challenging, this wide
range of mission profiles necessitated a modular design,
capable of accommodating varying antenna and
waveguide configurations while also addressing different
needs for speed and pointing accuracy.

This paper therefore presents the design description,
component risk mitigation approach (with focus on
HDRM breadboard model), key achieved performances,
qualification campaign status, and overall key lessons
learned.

1 INTRODUCTION

Beyond Gravity is a leading supplier of products for the
space industry in Europe and has as well a growing
presence in the United States. Beyond Gravity develops,
designs and builds mechanisms and electronics for broad
applications and missions, having decades of experience
in highly reliable and robust technical solutions for
spacecrafts and launchers. This paper presents the
development and qualification of an antenna pointing
mechanism that, due to its modular design, is suitable for
a wide range of applications, from low Earth orbit to deep
space missions.

One of the key features of every satellite is
communication to the planet’s surface or to other
spacecrafts. This function is implemented via steerable
optical or RF communication systems, such as the

antenna pointing assembly presented in this paper. The
requirements for this mechanism over its various space
applications are as follows:

Down-Link from LEO mission in Ka-Band.

- high pointing stability

- very low exported micro-vibration

- no key-hole manoeuvre: angular speed up to
15°/sec, Accuracy < 0.05°

- To be qualified for application: Copernicus
Anthropogenic  Carbon Dioxide Monitoring
constellation (CO2M)

Inter-satellite-link MEO mission in K-Band.

- high velocity

- high gain

- no Key-Hole manoeuvre: angular speed up to
72°/sec, Accuracy <0.1°

- Highly extended life performances (15mio cycles
/800mio degree)

- To be qualified for application: Galileo Second
Generation (G2G)

Deep Space Mission X-Band

- Ultrahigh pointing performance: Accuracy >0.006°

- Adapted Interface for any antenna dimension

- Extreme environmental conditions (temperature,
radiation)

- To be qualified for application: Mars Sample
Return Earth Return Orbiter (MSR-ERO)

2 SYSTEM DESCRIPTION

Beyond Gravity developed a full system that serves all
described applications by a modular design. The system
includes

- the antenna (modular for Ka and K-band)

- the waveguide including two rotary joints (modular
for Ka, K-band and X-band)

- two perpendicular joints with high precision
bearings actuated by stepper motors (modular for
speed and accuracy). The axis provide a range of +-
200° for azimuth and +-100° for elevation.

- position feedback sensors



- twist capsule for electrical connection to the
azimuth stage

- a two stage HDRM (holding both axis)

- thermal control systems including thermal sensors,
heaters and radiators

- the drive and sensor acquisition electronics.

Figure 1 shows the fully assembled qualification model
of the antenna for MEO missions, along with its drive
electronics, which control two antennas simultaneously.

Figure 1. Antenna Pointer with Ka-band antenna

Figure 2. Drive Electronic for two antennas

2.1  Modularity

To support a range of very different missions, the
mechanism was developed and qualified using modular
components, including the actuator, waveguide, and
antenna (Figure 2). Standardized interfaces between
components allow for their easy replacement or
adaptation to meet specific mission requirements.

In particular, the integration of bearing-less rotary joints
for RF transmission—a component requiring precise and
stable suspension—was made possible for various
waveguide sizes. The tolerance requirements and
developed integration procedure, verifying the correct

alignment already during assembly, were enveloped and
qualified for all the needs.

Most importantly, the use of a common structural layout,
shared bearing assemblies (including axis alignment),
and a standardized output gear stage enabled a unified
development and  qualification  process.  This
qualification approach is described later in the paper.
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Figure 3: Modularity of BG APM

To actuate the mechanism three different actuators are
qualified for the same I/F. All are based on a stepper
motor with gearhead. This leads to broad possibilities for
speed and accuracy requirements:

- A gear ratio of i=17 leads to a high-speed use with
motor full step size of 0.10° and a speed of >70°/s
and an acceleration of >144°/s"2

- A gear ratio of i=40 enables stable trajectory
tracking with a full step motor size of 0.04° and a
speed of >15°/s and an acceleration of >40°/s"2

- A gear ratio of i=510 is used to envelope for high
precision pointing needs with motor full step size of
0.0035° still enables a speed of >0.5°/s and an
acceleration of >1°/s"2.

The data transmission is provided in dedicated
waveguides, from Ka-Band to X-band. The bearing-less
rotary joints that are located in the individual axis. A
hollow shaft is sized to enable each size frequency band
up of x-band by sizing the bearing and spur gear
assembly. Providing a very exact alignment of the rotary
joints during the developed assembly procedure, the strict
transmission requirement could be met.

The mechanism contains a sensing system that provides
thermal and movement control. It consists of temperature
sensors, end range sensors and motor revolution counter
sensors that are also used for step loss detection.

The position control is implemented by leveraging
incremental step counting in the drive electronic, that is
calibrated to a hall sensor system capable of finding one
dedicated motor step in the drive range. The angular
position is calibrated with laser pointing at the output



interface and stored in the drive electronic storage. An
automatic reference drive zeroes the step counter after
turning on to the accuracy of one motor step.
Alternatively, for  high-accuracy output angle
monitoring, a high-resolution absolute encoder is
incorporated as an option. Its interfaces have been
developed to incorporate an encoder for qualification
testing and run the full qualification campaigns with the
mechanisms.

As the antenna includes two moving parts it has to be
clamped to the withstand launch loads. Analysis showed
that both moving brackets need to be locked to avoid high
bending loads on the bearings

This is solved by the development of a two stage HDRM,
that clamps the elevation stage to the spacecraft stage,
while simultaneously preventing the azimuth stage from
rotating in the bearing.

Elevation stage

Separation bolt with bolt
catcher [

= Elevation rotation axis

Azimuth stage

Elevation stage blocked
directly to S/C bracket
(formfit to spacecraft
bracket)

Azimuth stage rotation
blocked by secundary HDRM
plate (formfit to elevation
stage)

Spacecraft stage

Azimuth rotation axis

Figure 4: Two stage HDRM

To avoid gapping and slippage during launch, the HDRM
parts are matched on the fully assembled mechanism to
avoid misalignment by tolerance chain, providing full
form fit on the planes as well for the cup-cone system that
prohibits lateral movement. For the Azimuth stage one
cup-cone prevents lateral movement, and thus together
with the main bearing any rotation around the axis. For
Elevation, two cups prevent any lateral movement and
rotation.

(Azimuth) (Elevation)

g

Figure 5: Two axis locking HDRM

The secondary HDRM plate is bent when in the closed
position. Therefore, after release and elevation
deployment, the plate provides a gap to enable azimuth
rotation. To prevent cold and hot welding in the I/F,
alternating material and coatings are used for each IF
layer.

Figure 6: HDRM I/F

3  DEVELOPPEMENT AND QUALIFICATION

The development and qualification process followed a
structured, component-level methodology, from research
to evaluation (component level and breadboard/EM tests)
to qualification models, tested towards enveloping
mission requirements. Mainly the evaluation phase
benefitted from the common design, where the full drive
chain, bearings and gears that are similar on all
mechanism variations, were tested in the very flight
condition that has been established in the tradeoff phase
(definition,  configuration, lubrication, preload).
Additionally broad characterization tests (torque and
accuracy) were conducted to envelop all mission
environments. This included the following components:

- Bearings (Main bearing, actuator output
bearings, motor front, and motor rear)
o Preload characterization
o Running torque (in environment)
o Lifetime
- Main bearing clamp-ring characterization
- Motor level tests
o Speed torque curves (in environment)
o Detent torque
o Dissipation and thermal equilibrium
- Spur Gear
o Accuracy verification, backlash
o Life-time
o Anti backlash system
=  Friction
=  Spring force
- Twist capsule (electrical connection over
azimuth rotation)
o Alignment tests
o Torque and spring characterization
o Lifetime confidence tests
- Hall sensor repeatability tests
- Wave guide incl. rotary joint miss-alignment
measurements
o RF measurement of Rotary Joint over range
with misalignnment



- HDRM on breadboard
o Lifetime tests
o Preloading verification
o Vibration tests
- Antenna
o Functional tests (heritage was available)

Additionally, to the component validation and
characterization, the relevant processes were qualified,
including

- Nitriding of high precision spur gear

- Heater bonding

- Clamp ring coating qualification

- HDRM coating qualification

- Velcro bonding (MLI application)

Individual tests setups are shown in Figure 7
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Figure 7: Component level tests visualization

Following the component-level tests, the next step
involved integrating the components into subassemblies
and breadboards representing single axes. A test-as-you-
fly approach was again applied, focusing on tolerance
requirements and applied torques that simulated orbital
loads and inertias. Figure 8 shows the set up for drive
chain lifetime tests for two spur gear configurations
including breaks simulating orbital loads and inertia.

Figure 8: BB lifetime test set-up and single axis drive chain set-
up

Systematic and rigorous component-level testing enabled
precise characterization and accurate mapping of the
entire mechanism even before the design was finalized.
Lessons learned during this process were integrated into
the qualification model, which was developed in parallel.
Following this thorough validation, qualification models
were built for each mission the mechanism was intended
to support, all following a common qualification
approach. Structural and thermal models were developed
consecutively by modifying only the mission-specific
components, allowing for efficient reuse and refinement.
These models were correlated and improved with each
iteration. As a result, any future design changes can be
implemented with a high level of confidence and a well-
established understanding of the models and their
parameters.

In the following, the emphasis is set to the qualification
of the HDRM, where significant effort was set into the
development and validation of a highly reliable system.

3.1 HDRM characterization and qualification

To sustain the significant launch loads an HDRM has
been developed to lock both axes with one single hold
down point. As the release is crucial for mission success,
a rigorous trade-off, flight representative breadboard
testing and qualification on mechanism has been
followed. The characterization campaign test flow for the
HDRM is visualized in Figure 9.

Figure 9: HDRM component level test flow

The HDRM component level test campaign enveloped
several important targets:

- Preload application verification with a dedicated
developed preload tool

- Assess the preload loss for preload budget
definition:

- Preload development over time (characterization of
creep rate)

- Measuring the repeatability of the load force on the
HDRM using the preload tool.

- Vibration load durability (incl. proof of no gapping)

- Preload relaxation during vibration

- Stiffness measurement for structural analysis

- HDRM I/F surface lifetime tests

To verify and monitor preload throughout the test



campaign, the separation bolt was instrumented with
strain gauges. These gauges provided valuable insight
into the behavior of the highly preloaded system across
the entire HDRM lifecycle—from initial preload and
storage to exposure to vibration loads.

To apply the preload, a tool has been developed based on
a harmonic drive that enables to pull the preload stud to
a very precise pulling force and settles the nut to the
HDRM loading path.

Still the preload budget had to be developed, starting
from the preload needed to avoid gapping based on the
FEM models, the application preload needed to be
evaluated taking into account several losses during the
functional operation of the HDRM. This includes the
losses during application (settling), the losses due to
creep and the losses during vibration. Additionally the
preload variations due to temperature change (expansion
mismatch) are accounted. In Figure 10 to 1 the relaxation
curves are presented leading to a preload range avoiding
gapping during launch but not overshooting the
capabilities of the separation nut.
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Figure 10: Relaxation curves fof preload loss/ initial settling
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Figure 11: Relaxation curves for vibration loss
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Figure 12: Creep test showing a low creep rate of
approximately -19.225 N/day (measured from strain gauges
average values)

Rigorous lifetime testing on the HDRM surfaces verified
the suitability of materials and coatings as during life, no
performance affecting abrasion nor stiction has been
measured.

The vibration tests conducted on the HDRM breadboard
(BB) served not only to demonstrate durability under
vibration loads, but also to validate the gapping analysis
and enable correlation of the finite element model (FEM)
with test data. This significantly increased confidence in
the overall APM FEM. The test setup was equipped with
flight-representative inertia and mass distribution for
each vibration axis, achieved through an offset mass. The
setup and its corresponding FEM is shown in Figure 13.

= te: P Test setup 3.
Test setu HDRM BB rotated by 90

+ Mode 1 (bending around X) - Mode 2 (bending around Y)
~ Initiaily predicted: 366 Hz ~ Initially predicted: 393 Hz

- Tested (LLS / RND): 268 / 280 Hz
New prediction: 270 Hz

+ Mode 3 (torsion around Z)
- Initally pradicted: 729 Hz
Tested (LLS / RND): 470 / 528 Hz
New prodiction: 477 Hz

Figure 13: HDRM vibration test set-up

4 LESSON LEARNED - Release Nut lifetime

BG attempted a delta qualification of the commercial-
off-the-shelf (COTS) Separation Nut, to extend its
operational life and to thereby avoid replacement prior to
launch. Therefore, it was installed during all lifetime tests
of more than 100 preloads. However, the qualification
effort initially failed. It was found that the nut lifetime is
not compatible with the mission needs for ground and
space application. After full lifetime test and vibration
load application, the nut failed to be released.

After thorough investigation, the root cause was
identified as degradation of the sliding surfaces on the
release wedges - due to the repeated preloading. The
material separation and lubrication in that area is
provided by a coating. It was observed that the coating
wore off during the repeated preloading process.

FIB-SEM analysis was carried out on the internal parts,
especially on the loaded wedges, to assess:

- presence of the coating

- discontinuity in the microstructure

The microstructure close to the surface of the affected
locations showed grain refinement, which is strong
evidence for cold welding effects as it indicated material
transfer from one surface to the other.
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Figure 14: Material transported during cold welding

The nut endured an increased lifetime as it was planned
to be used for all HDRM closings, for all AIT ground
operations as well as for all transport and storage. The
failure showed that this is not possible for the separation
nut — whereas the other custom-developed HDRM
surfaces showed no degradation after full life. Given the
nature of the cold-welding issue and the cost/complexity
of altering the nut design, it was deemed not worthwhile
to implement design changes. Instead, the lifetime limit
was determined by test and the requirement was relaxed
to limited acceptance test on ground and one separation
in space. To still cover all needed preloads, a dedicated
jig has been developed to replace the nut for all preloaded
conditions during ground life. With that requirements
relaxation, the component’s demonstrated lifetime
remains sufficient to cover the standard spacecraft
Assembly, Integration, and Test (AIT) phase.

5 LESSON LEARNED — Micro Vibration

The microvibration requirement for scientific missions is
often very demanding, e.g. because of high pointing
stability requirements for optical or LIDAR instruments
and could not be met with the initial assembly. A rigorous
trade-off study was conducted to identify a solution.
Stepper motors inherently generate higher exported
torque than other actuators due to their design. Since the
torque depends on the strength of the magnetic field, the
solution involved tuning the motor current to provide a
smoother transition between microsteps. The PI loop for
the current control is adjusted to lower bandwidth and the
current measurement is low-pass filtered. Thus, the
current transitions between microsteps are smoothened.
As a result, the exported microvibration level is reduced
to rigorous exported torque requirement on the satellite
structure for the mission CO2M.

6 QUALIFICATION STATUS

So far two different mechanisms have been built and
qualification-tested according to ECSS standards, i.e. full
qualification has been reached for LEO and MEO
missions. Whereas normal life is qualified in the frame of
the CO2M mission, the very high lifetime requirement of

G2G is currently in lifetime testing. The qualification
model for deep space missions is in design finalization
phase, where the thermal challenge required additional
features to be implemented for thermal control, such as
radiators and adaptive motor current control. The
description of these features exceeds the frame of this
document and will be presented in its own paper

7  CONCLUSION

This paper summarizes the design approach, key
performances, and lessons learned obtained during the
development of BeyondGravity’s Antenna Pointing
Mechanism, which is part of BG’s Antenna Pointing
Assembly (Mechanism, Drive Electronics, and Antenna)
developed with the support of an internal R&D project.
In the frame of this project, a modular two axis antenna
pointer has been developed to cover a very broad range
of missions for LEO, MEO and deep space missions.
Extensive test campaigns were carried out to verify the
suitability and to prove the concept of the modular
design. Qualification models of the mechanisms have
been built, and qualification and lifetime testing has been
successfully completed on component level and on
system level (TRL 8 for LEO and MEO). Overall, the test
results prove the success of the product development.
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