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Abstract

ESA FLEX mission aims to monitor global vegetation health by measuring chlorophyll fluorescence
from orbit using the high-resolution FLORIS instrument, advancing understanding of the global carbon
cycle and guiding sustainable food production. The presentation addresses the redesign and dynamic
validation of a topology-optimized optical mirror bracket for the FLORIS spectrometer. The bracket
supports a high-resolution mirror and must maintain precise optical alignment during launch and in
orbit. A key requirement was to reduce the mass of the original component while ensuring sufficient
stiffness and maintaining a minimum first natural frequency of 380 Hz. Particular focus was placed on
accurately characterizing and validating the dynamic behavior of the redesigned structure.

The bracket connects the optical assembly to the satellite primary structure through dedicated mount-
ing interfaces and must withstand quasi-static launch accelerations without compromising optical perfor-
mance. A topology-optimization workflow was used to minimize compliance under multiple load cases
while enforcing mass and dynamic constraints. Manufacturing-oriented constraints were introduced to ob-
tain an additive-manufacturing-compatible geometry, and subsequent refinements were validated through
static and modal finite element analyses.

To experimentally assess the dynamic response, a scaled prototype was manufactured using fused
deposition modeling with an internal infill structure. A detailed finite element modal model was developed
using transversely isotropic material properties to represent the anisotropic behavior of the component. A
preparatory test simulation was conducted to define excitation grids and optimal sensor placement based
on modal participation and independence criteria.

Experimental modal analysis was performed under both free-free and bolted boundary conditions
using a roving hammer approach. Frequency response functions were acquired over a 1280 Hz bandwidth
with high spectral resolution to ensure accurate mode separation. The free-free configuration enabled
identification of intrinsic structural properties and supported a sensitivity-based model updating procedure
in which orthotropic elastic constants were refined through a least-squares approach. This significantly
improved the correlation between experimental and numerical natural frequencies while preserving strong
mode shape agreement. The bolted configuration highlighted the dominant influence of boundary stiffness
on modal behavior and the challenges associated with modeling mounting interfaces.

It was found that the optimized bracket satisfies dynamic requirements while achieving substantial
mass reduction. The study demonstrates that integrating topology optimization with rigorous experimen-
tal modal validation and model updating provides a robust framework for qualifying lightweight additively
manufactured space structures. Implementing such comprehensive design and validation strategies will
support the development of more efficient, lightweight, and dynamically robust structures for future space
missions.



