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Abstract

During the LARES2 program, successfully launched in July 2022 with the VEGA-C launcher qualification
flight, the Retention and Separation subsystem (SSEP) was re-designed and improved by OHB-Italy
starting from the previous LARES SSEP to retain the spherical LARES2 satellite during launch and
release it in the final orbit. This article describes the design and development of the LARES2 SSEP and
summarizes key design drivers and relevant improvements from the first LARES one. Moreover, the
article presents the multibody model correlation at elegant breadboard level and the fundamental
contribution of flexible-body multibody analysis to predict the SSEP internal dynamic at satellite release.
Finally, it also shows the results of the release test on the ground.

Introduction

The LARES2 (LAser RElativity Satellite 2) is an all-Italian scientific mission, developed for the Italian
Space Agency (ASI) and successfully deployed in orbit by the European launch vehicle VEGA-C on its
qualification flight on July 13, 2022. This is the second mission of a series: the first LARES mission,
founded by ASI, was successfully launched in 2012 with the VEGA maiden flight, as described in [1]. The
main aim of the LARES2 mission is to allow higher accuracy measurements with respect to previous
missions, of an orbital disturbance predicted by general relativity called frame-dragging or Lense Thirring
effect; it is the dragging of inertial frame due to additional space-time curvature produced by the Earth’s
angular momentum. To reach this purpose, LARES2 satellite shall be as close as possible to a point
mass in orbit along with a precise positioning measurement of its orbital position. Two secondary
objectives were assigned to the mission: to allow the release of six cubesats (three 3U and three 1U) at
the final orbit and support the Launch Vehicle (LV) qualification, hosting a set of sensors. In order to
accommodate all the payloads and provide their structural connection with the LV, the LARES2 System
has been designed and developed by OHB-ltaly. Key technological improvements have been
implemented in this second mission that distinguish LARES2 System from the first one: the Retention and
Separation subsystem has been upgraded and the supporting structure has been designed to minimize
its mass and the elastic energy collaborating to the retention and release functionalities.

LARES2 System Architecture and Subsystems

The LARES2 System, shown in Figure 1, is composed of the following main elements:

e LARES?2 satellite: designed by La Sapienza university of Rome and manufactured by the National
Institute of Nuclear Physics (INFN), is the scientific satellite, consisting of an Inconel718 sphere of
about 430-mm diameter and 300 kg of mass, hosting 303 Cubic Corner Retroreflectors (CCR) on
its surface. The CCRs are needed to precisely track the satellite position from ground stations
through the laser ranging system.

e Retention and Separation subsystem (SSEP): fully developed by OHB-I, the SSEP, is a complex
and non-conventional device which clamps the spherical satellite when subjected to the high
launch accelerations and, once in orbit, releases it providing the required separation velocity.
These functions are guaranteed by different mechanisms applying a preload directly on the
spherical surface with retaining function. The activation signals are provided by the LV.
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Cubesat secondary payloads: the four 3U cubesat dispensers loaded with the six cubesats.
Sensors secondary payloads made up by the LV sensors (two microphones and two
accelerometers) mounted on the LARES2 System to monitor critical environmental parameters
during the launcher ascent and a camera to record the satellite separation.

Structural support subsystem (SSTR): it is the structural element that connects the SSEP and the
secondary payloads to the LV standard V1194 payload adapter (PLA) and it guarantees the
fulfilment of static and dynamic structural requirements of LARES2 System.

Figure 1. LARES2 System on top the LV payload adapter little before launch

LARES2 SSEP Design Driving Requirements

Main goal of the SSEP was the fulfillment of the following challenging requirements:

Provide a high stiffness connection to the LARES?2 satellite to limit the amplification of the LV sine
environment during launch (sine loads of 1.2 g longitudinally and 0.5 g laterally up to 110 Hz).
Withstand high launch environmental loads (i.e., quasi static load of 15 g in each orthogonal
direction applied to the 300-kg Satellite to cover foreseen amplification in sine environment).

Lock a spherical body by minimizing the contact areas, avoiding damage to the CCR and
avoiding any protrusion and unbalance in the satellite spherical shape.

Release the satellite with 0.5-m/s relative speed and be single point failure tolerant in terms of
release function (a degraded kinematical separation condition is acceptable in the latter case).
Transmit negligible shock to the satellite during the separation to avoid damage to the CCRs.

Be compact and lightweight, to keep the mass and CoG position of the LARES2 System under
550 kg and 500 mm from the LV PLA plane respectively.

Furthermore, at the start of the development, some of the high-level requirements were not frozen since
the launch was the qualification flight of the LV (e.g., between the PDR and the CDR the PLA interface
was changed from the V937 to the larger V1194). Hence, the LARES2 SSEP has been designed to be
flexible to changes on LV interface requirements. Moreover, according to the development plan, the
LARES2 SSEP has to extensively re-use the heritage of LARES SSEP to reduce the development risks
and meet the tight schedule constraints.
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LARES2 SSEP Design Development and LARES Heritage

The design of the first LARES SSEP, described in [2] and shown in Figure 2, was directly applicable to
the LARES2 SSEP for the disposition and shape of the mechanical interfaces to the satellite. In particular,
both SSEP are made up by the following mechanisms:

Four equal Restraint Mechanisms that represent the equatorial mechanical interfaces toward the
satellite and include the initiator device which releases the mechanisms. The aim of these
mechanisms is to restrain the satellite and once commanded, to retract to release it. The
retraction is achieved thanks to the rotation of the restraining pins around a hinge.

One Pushing Mechanism to structurally support the satellite and absorb part of the loads and,
once the restrain mechanisms are retracted, provide correct separation velocity to the satellite.

Furthermore, on the LARES SSEP, a supporting structure was used to provide the mechanical interface
to the mechanisms towards the system.

Figure 2. LARES SSEP with LARES satellite installed on it

The contact surfaces between the first LARES SSEP and the satellite were:

Pushing mechanism: Sphere on cone, the SSEP part is covered by PTFE tape, to avoid LARES
surface damage. No criticality due to hertzian stress, well below materials allowable.
Furthermore, the cone shape is also covering the satellite CCRs.

Restrain mechanism: sphere on sphere (cavity on satellite and pin on SSEP). The sphere
geometries have been optimized to have an acceptable level of hertzian stress, in addition to
avoid cold welding issues Braycote 601 lubricant has been used in between.

The functionality of the first LARES release mechanism is explained in the separation sequence shown in
Figure 3, from locked configuration up to the satellite separation.

Figure 3. LARES SSEP separation sequence (from left to right) and functional explanation
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Applicability of LARES SSEP Heritage to LARES2 SSEP

The LARES heritage wasproven to be applicable to LARES2 SSEP except for the following three

reasons:

1. The requirement for a smaller mass and lower CoG position for LARES2 System wrt LARES ones.

2. The LARES? satellite diameter is larger than the LARES satellite one (430 mm vs 360 mm) and its
surface is covered by a larger number of CCRs (303 vs 92), leading to a smaller percentage of not
covered surface usable by the SSEP to interface with the satellite.

3. The release actuator used in LARES SSEP was an ad hoc customization of an NEA Electronics
catalog product and the manufacturer declared that for the LARES2 mission a new qualification was
needed. Furthermore, the proposed lead time for actuator qualification and procurement was not
compatible with the LARES2 mission schedule.

The first point, along with the larger satellite dimension, leads to a merging of the SSEP supporting
structure with the LARES2 System SSTR to reduce the overall mass and lower the System CoG. After
this modification, the LARES2 SSEP is composed only by the four equatorial Restraint Mechanisms (RM)
and the Pushing Mechanisms (PM), as shown in Figure 4, and it shall be integrated along with the
LARES?2 System SSTR. The second point leads to a modification of the PM contact surface towards the
satellite to avoid contact over the CCR to be safer wrt LARES mission. In particular, the larger diameter of
the satellite implies less distance of the CCR surface from the ideal spherical shape, thus, it has been
decided to cut the contact line according to the CCR pattern to press only on satellite metallic surface, as
shown in Figure 6. The third and last point leads to the change of the release actuator and thus to a large
impact on the heritage on Restraint Mechanism design.

Figure 4. LARES2 SSEP design (left) and SSEP installed on the SSTR (right)

Restraint Mechanism Release Actuator Change
The RM release actuator change has been investigated by considering the following basic requirements:
e The new actuator to be used shall be an off the shelf fully qualified for the LARES2 System
application (a Category A according to ECSS standards).
e The electrical interfaces of the new actuator shall be identical to the previous one.
e The lead time shall be compatible with the LARES2 mission schedule.

To fulfill the above requirements, the Separation Nut Actuator (SNA) from Eaton Cooper P/N 9421-1600-
001 has been selected. It is a fully qualified off the shelf component and its qualification status covers the
LARES2 System requirements. Furthermore, it has been already used by OHB-Italy on two other projects
and the electrical interfaces are identical to the old actuator ones. Finally, the lead time is compatible with
the schedule. However, the strength of the SNA is much lower (33-kN max preload while the first SSEP
actuator was capable of 148-kN max preload) and the functioning of the SNA is the opposite of the old
actuator one: the first one is a tension actuator (i.e., the actuator is used as a nut to engage a tensioned
bolt and, when commanded, the nut releases the bolt), while the second one is a compression actuator
(i.e., a fixed rod protruding from the actuator is pushed to carry the load and, when commanded, this rod
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retracts inside the actuator body). For this reason, a major change in the RM kinematic link is needed to
use the SNA while preserving the heritage for the RM satellite release. Different solutions were
investigated and compared with the LARES RM characteristics in terms of mass and stiffness to design a
new RM unlocking feature compatible with the SNA functioning. The resulting LARES2 RM design
concept is based on a lever that can rotate around a hinge and at launch is kept in position by the SNA
preload. The lever position is kinematically linked with the position of the latch (the component in contact
with the satellite). Particular attention has been placed in the component materials chosen to be
compatible with the high hertzian contact stresses in the separation surfaces, stresses that have been
previously minimized through the evolution of the component’s shapes. Each RM is made up of the
following main components:
e Latch, to constrain the satellite at launch and to release it by rotating back around the RM hinge
Hinge, to accommodate the latch pivot and connect the RM to the SSTR
Lever, to constrain the latch and to release it by rotating around the actuator bracket hinge
Actuator bracket, to accommodate the lever pivot and the SNA, connecting them to the hinge
Preloading pin, to preload the latch against the satellite applying a force on the lever
Bolt catcher, to retract and retain the separation bolt after the SNA actuation thanks to a
preloaded spring
e Sphere-Cone separable interface, to join lever and actuator bracket at launch thanks to the
preload of the separation bolt tightened into the SNA.

The resulting LARES2 RM design concept is presented in Figure 5. By considering Figure 2, it is possible
to compare the design evolution with respect to LARES RM design, presented also in Figure 3.

Figure 5. LARES2 RM design concept and release sequence

Pushing Mechanism Design Update

The PM design has been updated to cope with the larger satellite dimensions and the increased number
of CCRs. To allow this, a metal to metal contact lubricated with Braycote 601 grease has been selected to
be compatible with the resulting hertzian stresses. During this process, the previous PM internal design
has been simplified to reduce the overall mass and to ease the manufacturing and the integration. The
release functioning heritage is completely maintained by updating the spring stiffness and stroke to the
LARES?2 satellite mass and separation velocity. The PM is composed of the following items:

Cup, to accommodate the satellite at launch and absorb part of the launch loads

Pusher, to eject the satellite after RM releases through a compression spring

Cup support, which is the connection of the PM with the SSTR and accommodate the switches
Switches, to communicate the complete extension of the pusher after the satellite separation
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Figure 6. LARES2 PM design concept (left) comparison with LARES PM (right)

LARES2 SSEP Functioning

The SSEP needs to be preloaded against the satellite to perform its restraining function. Both RM and PM
have provisions to apply and measure the preload through Strain Gauges (SG), as shown in Figure 7.

Figure 7. RM strain gauges (left) and PM strain gauges (right)

However, applying the preload on the satellite through the RM or the PM has completely different
effectiveness:

The RM is preloaded in two steps; firstly the lever is locked in position by tightening the
separation bolt in the SNA. Then, the latch is preloaded towards the satellite by tightening the
preloading pin against the lever. The first step is done without the aid of a measurement system
by applying a calibrated torque (i.e., the torque needed to reach the target preload has been
measured for each SNA with a new separation bolt prior to mechanism integration) while, during
the second step, the applied preload is measured thanks to a SG set in full bridge configuration
placed on the lever external side. The preloading pin tightening produces a latch rotation towards
the satellite, hence, the preload applied on the satellite has both in-plane and vertical force
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components: the in-plane one is directly reacted by the RM placed in the satellite opposite side,
while the vertical component is reacted by the PM.

e The PM has four SG sets, each one in full bridge configuration, placed on the cup support lateral
cylindrical surface in correspondence of each RM. In this way, it is possible to evaluate the
vertical forces balancing applied to the satellite by the four RM. The PM also has the possibility to
increase and balance the vertical preload on the satellite by tightening four preloading screws
placed on the PM bottom side in correspondence of the four RMs.

The SSEP target preload has been derived from FEM analysis and the mechanisms’ SGs target values
has been retrieved from correlations performed at mechanism level. The RMs are correlated during their
stiffness tests and the PM is correlated during LARES2 System integration, by reading the SG when the
satellite is placed on it. To apply a uniform preload as much as possible, the SSEP is integrated by
exploiting the heritage of the LARES SSEP satellite integration procedure, which granted a high precision
alignment of the mechanisms to the satellite. The resulting LARES2 SSEP functioning sequence is shown
and summarized in Figure 8.

Figure 8. LARES2 SSEP functioning explanation
RM Breadboard Tests and Multibody Model Correlation

Taking into account the criticality of the SSEP and the deviation from the LARES heritage, two
breadboards (BB) models have been implemented for the RM. The first one was a fully representative RM
and it has been used for structural (stiffness) and functional (torque margin and deployment main
parameters) characterization of the new RM design. The second BB was a pin on disk fretting test
representative of the RM to satellite interface to measure cold welding behavior of contact materials
lubricated with Braycote 601. The fretting test showed that the highest measured adhesion force of all
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tests over all environments was 66 mN. This value is below any tendency of cold welding, which is
expected in the range of 200 mN or higher, according to STM-279.

RM Breadboard Stiffness Test

The objectives of this test were the measuring of the stiffness along the three principal directions of the
RM and thus the stiffness correlation of both structural model and functional multibody (MBD) model. The
RM BB has been loaded through interfaces which are representative of the satellite ones to retrieve
reliable results as shown in Figure 9. Furthermore, a force of 10 kN has been considered for each
direction: it has been applied in ten steps through a screw with a load cell in series to be highly modulable
and three loading-unloading cycles have been performed for each test. The displacements of peculiar
points of the RM have been measured through Linear Variable Displacement Transducer (LVDT) sensors
with precision in the order of microns. The correlation of the RM MBD model has been achieved by
setting an equivalent stiffness at the connection of the RM to the SSTR, in order to keep the RM model
made by rigid elements with the actual geometry of the RM and constraints between the parts which are
ideal or geometrical interaction constraints (i.e., relative motion between parts is driven by direct
interaction by means of their modeled geometry, friction, hertzian contact stiffness and damping
parameters).

Figure 9. RM BB longitudinal (left), vertical (center) and lateral (right) stiffness tests

RM Breadboard Functional Test
The objectives of this test were the measuring of the friction coefficient of the latch hinge, of the lever
hinge and of the latch-lever contact and then, the dynamic correlation of RM functional MBD model. To
measure the friction coefficients of the hinges, two “free drop tests” on the latch and on the lever have
been performed: the own weight of the components is considered to motorize the motion and their time to
drop measured through high-speed camera recording. A set of repetitions per test have been carried out
and average values have been employed for correlation: the friction coefficient measured for both hinges
is 0.1 with an error less the 1% on MBD correlation. To measure the friction between the latch and the
lever in contact, two tests have been performed:
e The static friction coefficient has been measured by increasing the bolt catcher mass (on the back
of the lever) to reach the equilibrium and lock the latch-lever motion: the value found is 0.21.
e The dynamic friction coefficient has been obtained by comparing the measured drop time of a
free release test and the time predicted by the MBD model correlated with the previous results:
the value found is 0.235, with an error less the 6% on MBD correlation.

Finally, the whole RM BB has been tested by performing a release test in both free and preloaded
configurations by starting the release with an electrical actuation of the SNA. The setup for the RM
functional tests is shown in Figure 10. The bracket on which the RM is preloaded has been modelled as a
flexible body starting from its FEM model to consider its deformability in the test.
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Figure 10. RM BB release test sequence: SNA actuation (left), bolt impact (center) and latch impact (right)

In this case, the rotation speed of the lever is driven from the force exchanged with the latch and from the
impact force of the release bolt at the end of travel against its shock absorber (made by crushable
honeycomb). Since the friction was already correlated in previous tests, the energy absorbed from the
shock absorber became the reference parameter for the correlation: in order have the same timing
between test and MBD simulation, the energy absorbed by the crushing honeycomb is 30%. The timing
difference between the test and the MBD analysis is less than the 7% for each of the main events of the
release (i.e., bolt impact, latch impact and lever impact) while the whole release last 0.136 s. In Figure 11,
the MBD comparison between the release times of the free and preloaded configurations is shown. It is
possible to notice that the 11-kN preload effect is negligible and the bolt retraction dynamic is decoupled
from the lever one by one order of magnitude in time (i.e., bolt impact reached in 0.013 s wrt lever impact
in 0.13 s).

Figure 11. RM breadboard release test events comparison: zero preload (OPL) vs 11-kN preload (PL)
LARES2 SSEP Multibody Model Analyses and Design Updates

The MBD model of the LARES2 System, depicted in Figure 12, consists of the MBD models of the SSEP
mechanisms, composed of rigid bodies and one single flexible part, made up by the SSTR, derived
directly from the SSTR FEM model. This model has been used to carry out satellite release analysis in
both nominal and degraded cases, to investigate the single failure tolerance capabilities of the SSEP.
Parts are kinematically connected through appropriate joints and constraints, and their interaction occurs
by means of imposed motions, spring actuation forces, surface contacts, and impact events. In particular,
the RM model exploits the correlations achieved on the BB MBD model and it is connected to the SSTR
with a flexible connection which simulates the RM stiffness measured during the BB stiffness test.
Furthermore, the RM preloading phase has been simulated imposing a motion between the preloading
pin and the latch, thus pushing against the lever; hence, a very realistic preloading phase has been
simulated. The PM has been considered in contact with the satellite from the beginning by relying on the
integration procedure of the satellite. The SSTR has been considered in the MBD model as a single
flexible part created directly by reducing the SSTR FEM model according to the Component Modes
Synthesis technique, by adding 106 dynamic shapes to the reduced model (6 free-free mode shapes &
100 flexible mode shapes): in this way, a good dynamic correlation is obtained with the flexible body. The
reduction has been carried out considering the six I/F of the supporting structure as reduction nodes: one
PLA interface, considered fixed to ground, one PM interface and four RM interfaces. By considering the
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support structure flexibility, the effects of the deformation energy stored in the system structure due to the
preloaded status at the release has been evaluated.

Figure 12. SSEP multibody model in preloaded configuration

SSEP Multibody Model Release Analysis in Flight Configuration

The SSEP MBD model was used to perform several release analyses in flight configuration (i.e., no
gravity) to investigate the SSEP dynamic behavior and its release capabilities with different release
sequences. The analyses performed are presented in Table 1. All analyses performed consider an initial
settling phase of 0.1 s to let the solver evaluate all contacts between parts geometries, then the RM are
preloaded to their 22.5-kN nominal preload against the satellite in 10 s (i.e., in a quasi-static way) to avoid
high frequency disturbance due to solver integration issues. A second settling phase of 1 s is performed
by keeping the satellite preloaded to let all the damping forces related to the preloading phase vanish.
Finally, the release sequence starts at 11.1 s of simulation time by removing the RM internal constraint
which simulates the locked SNA, thus in a fully representative way.

Table 1. SSEP multibody analysis performed

In Figure 13 the relative speed of the satellite is shown for all the analysis. It is possible to notice that in
all cases the satellite is successfully released (even if, in failure cases, the relative velocity is lower than
the required 0.5 m/s and the spin may reach 1.4 rad/s). Hence, it is confirmed that the designed SSEP is
single failure tolerant, as requested.
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Figure 13. LARES?2 satellite longitudinal velocity

However, MDB analysis shows that the RM lever angular velocity at SNA release may reach a staggering
30.5 rad/s, as shown in Figure 14, due to the elastic energy stored in the preloaded SSTR. This lever
rotation dynamic (complete rotation time of 0.042 s) was not compatible with the RM separation bolt
retraction dynamics at the time of the analyses. Hence, to avoid the possibility of clashing between the
rotating lever and the translating separation bolt at the beginning of the RM release, the design of the RM
has been improved prior to RM manufacturing for the SSEP qualification model.

Figure 14. Restraint Mechanism lever angular velocity at release

Restraint Mechanism Design Update after Multibody Analyses

Thanks to the SSEP MBD analyses results, the RM design has been promptly updated to be compatible
with the lever rotation dynamic. A disk spring has been added to the bolt catcher while the channel of all
components passed through by the bolt has been enlarged to allow a lateral movement of the bolt tip due
to a lever rotation. The bolt reaches very high speed at the beginning of the RM release thanks to the disk
spring; the bolt is completely extracted in less than 3 ms. All the RM modifications are reported in Figure
15 and have been implemented on the RM manufactured for the Qualification Model (QM) of the SSEP.

Figure 15. Restraint Mechanism design updates to cope with lever angular velocity at release
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LARES2 SSEP Qualification Test Campaign

The SSEP QM, completely equal to the Flight Model (FM), was subjected to a qualification test campaign
which comprises a vibration test to verify the strength of the SSEP at 15¢g along the three directions and
then a full release test to verify the release capabilities of the SSEP after the launch preconditioning. The
satellite used for the SSEP QM test campaign was a Demonstration Model made of steel instead of
Inconel718 alloy, with a ~5% larger mass, only few CCRs mounted, and Inconel718 equatorial inserts to
have representative interfaces with the RMs. In Figure 16 the two test setups are shown. The vibration
test showed that the SSEP clamping configuration is able to dissipate energy at the main modes due to
the sliding of the RM-satellite interfaces when the input is high enough to overcome the friction torque of
the interfaces. In particular, the FEM correlation performed after the test, showed that at resonance
search input level, the response of the SSEP is characterized by high stiffness and high amplification
(estimated damping ~1% critical), while at qualification level, the response is characterized by a
frequency shift wrt the resonance search results along with a marked decrease of the amplification
(estimated damping ~ 6% critical in vertical direction and ~12% in in-plane directions).

Figure 16. SSEP QM vibration test (left) and release test setups (right)

SSEP Release Test on Ground and Multibody Model Final Correlation

The SSEP release test has been performed thanks to an offloading device based on a ballast mass
connected to the satellite north pole through a pulley. To measure the output velocity of the satellite while
ejected by the SSEP mechanism, a high-speed camera (>1000 fps) has been used. In Figure 17, the
release sequence recorded is shown: from the video, the distance travelled by the satellite is measured
by comparing frame by frame the position of the Satellite wrt the release reference system. The MBD
model of the SSEP has been inserted in a representation of the release test setup to predict the final
speed of the satellite during the test; the predicted speed of 278mm/s (please consider that the offloading
device inertia affects the release dynamics, lowering the final satellite velocity wrt the expected 500 mm/s
in orbit) is then compared with the satellite computed velocity of 240 mm/s + 6%. This difference might be
related to a PM Pusher friction higher than the expected and/or an energy dissipation in the offloading
device due to impacts/frictions in the ballast mass guide. For the correlation of the MBD model, only the
possibility of a PM friction higher than the expected has been considered since it is the worst case for the
satellite release velocity in orbit.
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Figure 17. SSEP release test sequence (from left to right): SNA release, bolt impact, lever retraction, latch
retraction, satellite in motion and satellite fully released

In Figure 18 the comparison between the measured velocity and the correlated multibody model result is
presented. The model correlation has been performed by updating the PM spring stiffness to 75% of the
measured spring stiffness. A further validation of the MBD correlation comes from the verification of the
time interval between RM release and the switch activation: this time for the correlated MBD is
0.445 second whereas the measured one is 0.46 second.

Figure 18. SSEP release test sequence and multibody model correlation

Visual inspections performed after the release test did not identify any damage or physical degradation on
the satellite nor on the SSEP (i.e., no damage occurred after vibration test). Furthermore, the analysis of
the high-speed video of the release confirmed the MBD model prediction of high speed lever rotation just
after the SNA actuation thus confirming the correctness of the RM update to increase the separation bolt
extraction velocity. The correlated MBD model shown that the resulting release velocity in orbit is
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437 mm/s whereas the design one was 496 mm/s. However, this discrepancy is acceptable for the
LARES2 mission since the requirement was 500 mm/s = 20%. After launch, the SSEP performed
nominally as shown by the video recorded by the on-board camera. The satellite left the SSEP with
negligible spin and negligible lateral velocity, as expected. Furthermore, all visible CCRs were in nominal
shape as shown in Figure 19 which depicts one frame of the recorded release video. The integrity of
LARES? satellite has been also confirmed by the high quality of the returned laser signal; in fact, since its
first acquisition happened on July 15" by the ASI Matera Laser Ranging Observatory, the mission is
regularly generating accurate scientific data, as described in [3].

Figure 19. LARES? satellite release filmed in orbit
Conclusions

The LARES2 mission was successfully completed in 2022 with the correct release of the LARES2
satellite in the nominal orbit. The SSEP design, based on first LARES SSEP heritage, took benefit from a
wide use of multibody analyses to cope with stringent release requirements and the adoption of a
completely different release actuator. In particular, the Restraint Mechanism lever high rotational velocity
of 30.5 rad/s predicted by the model and recorded during the test, may have jeopardized the mission
schedule if not discovered in advance of the SSEP qualification model release test. In conclusion, the
LARES2 SSEP experience proved the importance of improving the reliability of mechanisms multibody
models by including flexible parts derived from structural models wherever their preloads induce large
deformations (i.e., when the elastic energy stored in the system is not negligible).
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