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Abstract

Microvibrations produced by spacecraft mechanisms can impair the performance of sensitive payloads, making reliable ground-based
susceptibility testing essential during development. This paper presents the redesigned microvibration characterisation facility at
CSEM, featuring a reinforced suspended platform, an independently isolated shaker assembly, updated control electronics, and
improved amplitude-stabilisation algorithms. The upgraded system delivers clean single-frequency excitations up to 0.2 g from
30 Hz to 2000 Hz with reduced cross-coupling and distortion. Validation tests confirm stable and repeatable operation across the
full range, providing a robust environment for assessing the microvibration sensitivity of space payloads.

Background & motivation

Microvibrations originating from space mechanisms and actuators
pose a critical risk to spacecraft performance, particularly in
applications where pointing stability and structural isolation are
essential. The sensitivity of payloads to these small-amplitude,
high-frequency disturbances must therefore be characterised early
in the development cycle. Existing equipment at CSEM provided
initial capability but exhibited several limitations, including
insufficient achievable acceleration, resonant amplification in
the suspended platform, and non-negligible cross-couplings
due to imperfect alignment and limited structural stiffness.
Additionally, configuration-dependent behaviour in different
excitation axes increased the complexity and variability of
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susceptibility measurements. These limitations considerably
reduced the volume and mass of payloads that could be tested
while compromising the validity of the characterisation due to
the generation of parasitic excitations at multiple frequencies
and directions simultaneously, thus preventing the distinction
of individual effects.

To address these issues and meet emerging customer
requirements, the test bench underwent a full mechanical,
electronic, and control-system redesign, with the objective of
improving excitation purity, amplitude range, structural rigidity, and
measurement accuracy across the entire 5-2000 Hz frequency
band. The enhanced test bench is depicted in Figure 1.

(b

Figure 1. CSEM’s redesigned Microvibration Susceptibility Characterisation Testing Equipment general view (a), detailed view of optimized
suspended platform (b), and of the L-shaped support structural reinforcements (c).
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Technical approach

Overall Architecture

The upgraded setup is built around two pneumatically isolated
granite masses that mechanically decouple the shaker assembly
from the suspended platform. A 100 N modal shaker is rigidly
mounted on the shaker block, while the test platform is suspended
from the second block using adjustable steel cables or polyester
ropes. This configuration minimises reaction forces transmitted
to the specimen and provides a stable platform for precise
acceleration control.

Mechanical Design Enhancements

The suspended platform was redesigned as a stiffened
aluminium structure with strategically removed mass to raise
its eigenfrequencies while preserving rigidity. The platform
geometry allows fine adjustment of the force-injection point both
laterally and vertically, aligning excitation with the centre of gravity
of the platform—payload assembly. Dedicated interface plates
support payload mounting in horizontal (X/Y) and vertical (2)
orientations. Reinforced L-shaped adapters increase structural
stiffness for out-of-plane testing.

Suspension elements were selected to provide configurable
damping and natural frequency characteristics. Steel cables
reduce damping and increase suspension frequencies, while
polyester ropes introduce higher damping and lower suspension
modes. Suspended height and levelling can be independently
tuned via four cable pulleys.

Several stinger arms with different stiffness properties allow
optimisation of the excitation chain: compliant configurations
minimise cross-axis coupling at low frequencies, while stiffer
cylindrical stingers extend the operational range to 2 kHz.

Instrumentation and Control

Acceleration measurements are performed using high-sensitivity
Integrated Electronics Piezo-Electric (IEPE) accelerometers
(1 V/qg), conditioned by charge amplifiers and digitised through a
24-bit Programmable Logic Controller (PLC) acquisition system
with 10 kHz sampling capability. The control system supports
narrow- and broad-band excitation signals, with a focus on
single-harmonic excitation due to customer requirements.

A closed-loop amplitude control strategy combines recursive
least-squares harmonic estimation with a frequency-dependent
gain-scheduled Proportional-Integral (Pl) controller. This approach
ensures stable amplitude regulation during sine sweeps while
maintaining low harmonic distortion and avoiding transients when
switching controller gains across frequency regions.
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Results

A comprehensive characterisation campaign evaluated system
performance across the full 5-2000 Hz range, assessing the
influence of suspension type, stinger stiffness, excitation axis,
and payload mass. The results demonstrate a consistent and
robust dynamic behaviour suitable for susceptibility testing of
representative payloads.

Across configurations, the system achieved precise sinusoidal
excitation up to 0.2 g from 30 Hz to 2000 Hz, with amplitude
stability within £5%. Below 30 Hz, shaker displacement limitations
became dominant, particularly for a 7 kg payload, restricting the
achievable amplitude to slightly lower values.

The redesigned suspended platform exhibited significantly
reduced cross-axis coupling, with non-excited axes remaining
one order of magnitude below the main excitation across
most of the frequency band. Residual coupling near specific
platform resonances was observed but is expected to be further
suppressed when a payload is mounted, due to increased mass
and stiffening effects.

The comparison of suspension elements confirmed predictable
and tuneable behaviour: steel cables shifted suspension modes
to higher frequencies with lower damping, while polyester ropes
broadened and attenuated these modes. Stinger selection
likewise influenced system response, with compliant stingers
improving purity at low frequencies and stiffer stingers enabling
higher-frequency amplification.

Together, these results confirm that the upgraded setup provides
a stable, low-distortion excitation environment suitable for
high-accuracy susceptibility measurements across a wide
frequency range.

Conclusion & next steps

The redesigned microvibration susceptibility test bench achieves
substantial performance improvements in acceleration capability,
structural stiffness, and excitation purity. With reliable generation
of sinusoidal excitations up to 0.2 g with low cross-coupling, the
system offers a robust platform for early-phase microvibration
sensitivity assessment of space payloads. Future work will focus
on enhancing low-frequency performance, increasing automation
of alignment and mounting procedures, and expanding the test
bench capabilities to support advanced excitation signals and
extended measurement configurations.
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