Development, Manufacturing, and Testing of the
Ariel’s Structural Model Prototype Flexure Hinges
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INTRODUCTION MANUFACTURING RESULTS

Ariel, the fourth medium-sized mission of ESA's "Cosmic The manufacture of the FHs involved high-precision MANUFACTURING QUALITY

Vision" program, was officially adopted in 2020 to machining techniques, from milling to Electrical Discharge The development of an FH prototype was aimed at verifying
comprehensively survey the atmospheres of a large Machining (EDM) and Single-Point Diamond Turning (SPDT). the feasibility in terms of machining and compliance with the
sample of known exoplanets[1,2]. This mission places Milling was performed with a three-axis machine with project's stringent dimensional and shape tolerances.
significant importance on critical components such as the mechanical masking and precision-calibrated shims to avoid Additionally, the construction of the Flexure Hinge type A
primary mirror (M1) and its associated Flexure Hinges plastic deformation during flexure machining. The complexity (FH-A) prototype allowed for verification of its actual
(FHs). FHs are not just passive mechanical-structural of the flexure hinges stems from the need to provide multiple functionality once mounted on the M1 Structural Model (SM)
devices but the lifeline of the primary mirror, designed to degrees of freedom during installation to compensate for mirror, @ mirror used for structural tests but with optical
isolate it from the mechanical and thermal effects of the manufacturing errors and the different spring parts capable of properties. N

Ariel Telescope's Optical Bench (TOB), thereby mitigating stresses due to the vibration load levels. The more .
safeguarding its optical quality. Mechanical effects include flexible parts of FHs (flexors) are also needed to reduce

gravity, inertial, vibratory loadings, and potential stresses stresses at the interface with M1 and TOB due to the action

resulting from integrating the primary mirror to maintain of gravity and thermomechanical stresses caused by

proper alignment and ensure optimal optical performance temperature gradients during the cooling phase[3]. In

during assembly on the satellite. In this study, we particular, the flexural hing_e stiffnesses of .the part§ are: K;, :

underscore the pivotal role of these flexure hinges in cylindrical under HS, functlonsl as an elastic spherical hinge | | P

connecting M1 to the TOB, detailing the challenges in o help compensate for any jamming dus to cone-sprere o) st sursce gy anevasonte e
designing and fabricating this complex structural frame contact during assembly (Fig.4). At the same time, K, allows pads. made on the FH, b) shows the quality of the
and highlighting the importance of maintaining the the Cenftral body to translate, compensating for differential fﬁ:f,ﬂﬂfgﬁhcffgfgﬁrgi;i??hcéZ’?WS
alignment of optomechanical elements under various contractions between TOB and M1[4].
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g The performance of the M1 SM mirror was evaluated by
_ 7o installing a prototype of the FH-A and measuring the
. Surface Form Error (SFE) before and after assembly.
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Fig.4 — general Flexure Hinges schema and coupling between FH and HS component. l— HELICOIL® Plus Screwlock

Modal An alysi S Fig.11 - M1 SM (1 m class) undergoing testing with only the FH-A mounted.

L. The finite element analysis (FEA) allowed the determination of the resonance frequencies i Polynomial cosfficients
and the natural shape assumed by the FH-A prototype. The first mode is lateral bending £ — R J( v A
Fig.1 - Explode view of M1 and Flexure Hinges. on the Z-axis and translation on the X-axis. With a higher frequency, the second mode is a s T ——— 1 gm0 — it
rotation around the X-axis and translation in the Z-axis. The third mode is a rotation . “ *-
around the Y-axis. These first three resonance modes, illustrated in Fig.5, originate from 0 MiwithFHA L
the three natural frequencies of the parallel spring guides. The modes generated by the _ @ﬁﬁ 11111 +1
central cylindrical spring appear above 1000 Hz, demonstrating high bending and . I‘ i 11“;4 - T
torsional stiffness. of W :T f mt##ﬂ ﬂk:“ " ~ t
Mode Il Nl ‘ ‘T : t‘*‘f tl [ | 1]
Flexure Hinge A (FH-A) '::7"‘:"2' 948 Hz _: ) ”°JFWL
and Hemispherical & - ; —

Support (HS)

ooooooooo Measurement sequence

Fig.12 - SFE graph without and with the FH-A mounted on M1.
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Sy ~ Miling was performed with a three-axis o o
e\ —s machine, using jigs and shims to avoid plastic Fig.13 - SFE maps aberrations of the M1 mirror starting from the
l_ — deformation during flexure machining. Zernike polynomial from 5 to 8 with FH-A mounted.
Fig.2 - Assembly schema of FHs on M1 and TOB. AC KN OWLEDGEM ENTS
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