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CUSP — Cubesat Solar Polarimeter
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The CUSP project is funded by the Italian Space
Agency (ASI) in the framework of the Alcor program
implemented by ASI to develop innovative
CubeSats. CUSP involves both public and private
entities, including research institutes, Universities

and Small and medium-sized enterprises (SMEs).

It is approved for a Phase B study to start in

September.

R Ry . EARTHNEXT (16U)
; ‘ﬁ .
{

Ny

L . SPEYE (6U)

3359
=

G
< (9

' -
[ TASTE (9U+3U)

FUTURE (6U)

SAILS (12U)
PICO-IOT (3x0.3U)

\ % W D4
\ . ve - ’V G 3
p "
| S
BOREALIS (6U) ¥, \ <

w . E.CUBE (12U)

2 ED 4
Hi gl

BISS (6U) .« SEE (12U) ANIME (6U)

///'
INNOVATOR (2x6U)

EXCITE (12U)
T4y RAMSESS (6U) SATURN (3x16U)

&7 CHIPS (12U)

INAF-IAPS research institute leads the project and will design and assemble the scientific payload.
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Main Mission Objectives Asi) @ mar %QIQS
Electrons
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The CUSP is a constellation of two CubeSats orbiting around the Earth to measure Release \_
Evaporation r

the linear polarization of hard X-rays of solar flares in order to improve the
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knowledge of these violent phenomena involving magnetic re-connection, the

Magnetic Loop
particle acceleration on the Sun.

Hard X-rays

Nuclear
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ANTENNA
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PAYLOAD

WINDOW Also, the mission concept, allows the monitoring

of the solar activity, for a large fraction of time

>68% during the 3 years nominal lifetime, useful

DEPLOYABLE for Space Weather strategies.

SOLAR PANELS
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The Payload
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* Payload:

Compton scattering polarimeter
W collimator

A/D conversion

Micro HVs (0.5" x 0.5" x 0.5")
Payload computer

* Absorber / scatterer coincidences (dual-phase scattering
polarimeter)

* Scattering stage:

plastic scintillator elements

e Absorption stage:
GAGG readout with APD silicon sensors

Multi-anode Photomultipler Tube coupled with

Top lid _

—

w coIIimator/

Collimator frame >

plastic scintillators
(scatterers)

inorganic scintillators
(GaGG - absorbers)

panels

APDs

IF truss-payload

4 MAPMTs
(64 channels)

Boards

bottom lid / a
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The mechanical design, from the inception of Phase A, was

m

represented in detail since the sensors and sensitive elements of the

payload had already been identified.

The technology readiness level (TRL) of the instrument's core is very

high due to the long heritage of these components.

The Phase B of the mission will coincide with an in-depth
examination of the individual mechanical components, the

interfaces among these components, and their integration with the

overall platform.

A thorough analysis of the available space for the central unit of the

CubeSat allowed a redefinition of the mechanical design.
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Multi-Physical Simulation
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Orbital study

(Ansys STK)

Thermal Simulation

(Systema Thermica)

Mission requirements ECSS Tailored for

CubeSat

(technical and scientific)

Multi-Physics FEM

(Ansys Workbench)

Optimization

Thermo-
Elastic

Test and Calibration

(Mesh morphing)

Quasi-Static Random

Vibration
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The evolution of the mission design is followed by the
implementation of a simplified model, without rounds and
attachment points in shell and 3D solid parts, which
validates the design choices through a set of numerical
multi-physical simulations based on mission requirements

and the tailored European ECSS standard for CubeSat

missions.

SSO orbit

Nodes: 508566
(~500-600 km) oaes

Elements: 249421 e ——
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Case study: Thermo-Mechanical Optimization asi) = @ mar %ﬁ%o 1QS

W: T-E Cold case
Equivalent Stress
Type: Equivalent (won-Mises) Stress - Top/Bottom

* During the orbit the Cubesat payload is subject .7

to different thermo-mechanical load condition.

30,32
263,68
226,04
1854

150.76

* The cold-case is chosen for the optimization as g

37.832
0.19041

more critical condition.

* Eyelets and thickness optimization through

mesh morphing.

I/F payload-platform
Cold case

Max stress: 338,94 MPa
Weight: 37,74 gr

AIAS2024 | 4-7 Settembre | Napoli




RBF - Methods
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Mesh Morphing - RBF (Radial Basis Function)
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Case study: Thermo-Mechanical Optimization Cisi) 5 @ mar_ %%OIOS
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* Geometric parameterization by mesh morphing.

* The principle is to take the control on a set of

point and to transfer the deformation to the

whole mesh.

* Eyelets and thickness of the internal part are

selected for morphing.
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Case study: Thermo-Mechanical Optimization rsi) 55 @ mar_ ;0%%0|05

* Geometric parameterization by mesh morphing.

* The principle is to take the control on a set of

point and to transfer the deformation to the

whole mesh.

* Eyelets and thickness of the internal part are

selected for morphing.
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Optimization workflow — response surface

* Linear Regression: ]
yi= Po+ b X + poXio + Xz + &
i = Po+ PiXi + PoXi + 3 X5, + PaX + &
vi= fo+ i X + foXoo + f3XuXio + falog Xia + &

A weighted linear combination of RBF functions =—

Fitting
) =) willx—clD
1

e Neural network
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* DoE opt t t to minimize th | st d
Ot optimization set to minimize tnermal stress and mass. e o Schemati Hé: Optiizat
A B = D
1 = Optimization 5t
2 Minimize P13 Goal, Minimize P13 {Default importance)
° 80 h t | | t d 3 Minimize P14 Goal, Minimize P14 (Default importance)
sSNapsnNots are collecteaq. T
The MOGA method (Multi-Objective Genetic Algorithm) is a variant of
MOGA the popular NSGA-IT (Non-dominated Sorted Genetic Algorithm-IT)
5 based on controlled elitism concepts. It supports multiple objectives
and constraints and aims at finding the global optimum.
X Generate 3000 samples initially, 600 samples per iteration and find 3
e o candidates in a maximum of 20 iterations.
7 Status Converged after 7619 evaluations.
3 =
5 Candidate Point 1 Candidate Point 2 Candidate Point 3
10 P16 - P1_asolal Surface Offset {mm) -0,97738 -0,90382 -0,82576
. - . . 11 P17 - P2_asola2 Surface Offset {mm) -0,49753 -0,49655 -0,49757
* First ROM luat T Build Y
Irs evaluation on I1win ul er. 12 P18 - P3_dy_int Delta y (mm) 0,99848 0,99942 0,99942
13 P13 - Equivalent Stress - IF Truss Maximum (MPa) XX 133,62 XX 138,63 XX 133,64
14 P14 - Volume Total (mm~3) ):(*‘;( 11858 ‘;;k‘;( 11867 ):(*‘;( 11879
« ROMs: Mesh, St T t
S: viesn, Jtress, iemperature.
- N - 0 - 3 - 3 - e - ¢
: @ v 4 2@ v 4 2 @ vede P EA N <4 2 @ model ¥ 4 2 @ model o2 @ ool 7 .
Enginesring Data 3 [ ceomery < 4 >3 (B Parameters 3 | @ sewp # 4 3 @ senp # 4 3 @ senp # «3 @ sewp # 4
4| vodel < Thermo-ElasticAnais 4| @ souton 7, 4 @ Sokton > 4 @ Sohiton # 4@ Souton 7.
mplifie 5| @ Resus F 4 5 @ Resiss 7 . 5 @ Resits # 5 @ Resus #
* ROM exported as FMU. Bl m—Z

Cold Case HotCase T-E Cold Case TEHot case

VR dashboard
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Methods — Digital Twin
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Digital twin development: SVD + ROM

* One of the best-known applications of SVD is Principal Component
Analysis (PCA);

* Given a matrix A € R m x n and given p = min(m, n), a singular value
decomposition (SVD) of A is a factorization of the form:
A=UZtV

e U=(ur..um)ERmMmxmandV=(vi..vn) ERnNxnareorthogonal and
2 ERmxnis (pseudo)diagonal with diagonal elements 61> ... 206,20

* 01,...,0parethe singular values of A

 Acan be rewritten as: A= Z’l‘ a;U; , where k are the principal singular

values cer. soncn e

* Finally, to construct the ROM it is necessary to find a correlation
between input parameters and mode weights, and several
interpolation methods can be used (RBF, Polynomial/Gaussian
Regression, neural networks)

Reduction

1e-06
1e07
1e08
1e09
1e10
1e11
1e12
113
1e14

Leave One Out

0.100
0.010
0.001
1e04
1e05 —

2 4 6 g 0 12 14

Number of Modes : 8
Reduction RMS Error (%) : 8.3e-06
Leave One Out RMS Error (%) : 3.2e-05

stress_GARSRS1

stress_SVDdecompress1

\nsys

a8
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Case study: Thermo-Mechanical Optimization Asi) 5 @ mar %%Z%Q iOS
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e |6 O s B e 2 =y e ] WM I C =
VoaMises
Optimized I/F payload-platform
Cold case
Max stress: 138,65 MPa
Weight: 32,6 gr
e |

Evaluate ROM

Save snapshot 0 31302 s
B 2_x
B

ROM Enror Prediction
2 15600 Anm

Propose Refinement Point

Evaluation done.
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The sequence of processes, mentioned above, has been iterated several times
until reaching optimal values, balancing mechanical and thermal

requirements.

Particularly, the critical area of the I/F between the payload and the platform

has been refined and improved using advanced mesh morphing techniques.

This has led to a notable decrease in applied stresses and thermo-mechanical

loads, along with a reduction in mass percentage, while still maintaining the

minimum reference value of 120 Hz for the first mode of modal analysis.
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The CUSP mission has reached a critical phase in its development, with upcoming objectives focused on refining and
integrating every aspect of the project:

S

precise optimization of mechanical systems, following the explained processes for other critical areas of the
spacecraft. This includes verifying tolerances, reducing vibrations, and refining every moving and structural
component.

rapid prototyping and VR/mixed reality environments will be
employed. The first allows for quick testing and iteration of
design solutions, the VR/mixed reality environment provides

an immersive experience, allowing designers to visualize and

interact with the system in three dimensions.

Finally, to validate the generated model, environmental tests will

be performed in 2025 on a technological demonstrator.
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Thank you for
your attention!

Contact:
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