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Desafios Espaciales PRECEDER
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How much does it cost to launch a spacecraft into orbit? g\ .-”'
A lot less than it used to, thanks to innovation by SpaceX. ’{g
Here's a look at the cost per kilogram for space launches '
across the globe since 1960.
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Crecimiento Exponencial de Satélites
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World

United States

En el periodo 2021-2023, se
han llegado a lanzar mas de
/7.300 satélites y se espera
que en el 2050, pueda haber
mas de 50.000 en érbita.

United Kingdom

China

Russia

Japan

France

India

European Space Agency
Germany
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ission Lifetime
(With Assumed Risk Acceptance)

1-3 Years| > 3 Years

<1 Year

LEO Equatorial

Data on all SEE for critical
parts, and have data on dose
failure distribution on similar

parts

Have Data on DSEE for critical
parts

Environment

LEO Polar (Sun Sync) GEO / Interplanetary

Have Data on all SEE,
Have Data Dose failure
distribution on lot

consequences of all
for critical parts), h
failure distributi

Consider mission
consequences of all SEE (Data
for critical parts), have data
Dose failure distribution on
similar parts

Dose failure distribution on
similar parts

Consider mission
consequences of all SEE, and
have data on dose failure
distribution on similar parts

der mission




The solar orbiter studies
the sun and mainly i
investigates the...

Energetic Particle -Space weather
Detector ' -Magnetic field
Extreme Ul -Solar regions
3 Imager -Solar wind
-
Magnetometer

Components:

-10 scientific instruments
-27 sensors

-9 telescopes

-Solar panels

-Heat shield

-Antenna

mic

Polarimetric and Helio '
cir.on:agraph Solar panel

Imager

Sun-facing parts of the spacecraft have to withstand
temperatures of more than 500°C while other parts
remain in shadow at -180°C




Fases de una evaluacion

PRECEDER

Evaluation
5 parts 10 parts 10 parts (2) 10 parts|(3) 10 parts 10 parts sampling (1)
Construction h E.‘le:t‘r{calﬂ Electrical test Electrical test Electrical test Electrical test Radiation
Analysis ; ;:;'; ;;;z::u?:ﬁ @ 25°C @ 25°C @25°C @3 temperatures Evaluation
1 1 1 1
Seal test (4) External visual Seal test (4) External visual Electrical test P ditioni Ext I visual
fine & gross leak inspection (fine & gross leak) inspection i i “ s i EEEAl N IMA
( 8 ) e pecy Vibrations @ 25°C {3) inspection
External visual =~ External visual Lifetest
fonpscitin Preconditioning inspection 2000h-125°C Constar}l Fx?ernal visual } EDFITIC_ i DPA
acceleration inspection -55°C/+125°C (3 paris)
HAST l |
ic: R Electrical test
M(ich}:ir:::al 96h-130°C-85%RH C-SAM test(3) @ 3f§rr:;;:lr.1:fres Seal test (4) Seal test (4)
h (or THB 1000h) (fine & gross leak) (fine & gross leak)

(1)

—

of ECSS-Q-ST-60-15
(2): applicablein case of cavity package
(3): applicable to plastic package only

(4

—

: applicable tohermetic & cavity package
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sampling and testing conditions in conformance with requirements

Electrical test

@ 25°C

[

External visual
inspection

Electrical test
@ 25°C

l

External visual
inspection

l

C-SAM test (3)

ALTER
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ALTER Technology: Liderazgo en Ingenieria

ALTER Technology

Electronic Systems Alarm Systems Packaging and Assembly

Testing and CE Marking Conformity of secunty systems For opto and microelectronic devices

Small Satellites Drones Automotive Other services

Quality assurance and test to small satellites Compliance and assurance of safety standards Engineering, testing and certification services Certification, CE Marking, Alarm Systems
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TuV NORD: Conocimiento y Seguridad

Taken together, this is our expertise for your success.

Below ground On ground In space

With our knowledge, we stand for safety, independence and We protect lives, goods and natural resources. We achieve this by
quality - everywhere and at all times. We look to the future and offering services in testing, inspection, certification, engineering and
dedicate ourselves to making our clients even more successful in training.

the connected world.

1 M.Dominguez | PRECEDER | Mayo 2024 ALTER



Reconocimientos
ESA Accredited Lab

= First ESA-recognized Laboratory for Small
Satellites below 500kg in 2022.

= All equipment-level small satellites testing
activities
- EMC
- SRS testing
-~ Thermal Vacuum
- TID irradiation
- Vibration testing
- Static magnetic field
- Constant acceleration test
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Reconocimientos
RadLab - DLA Accredited Lab

ey ™
(J—C'(%V lrtu al L ab CREW  AUTH.DOC  LABORATORY SERVICES¥ MY AREA ¥  SUGGEST AN IMPROVEMENT ADMIN ¥  NEWTESTY MYQUOTES ¥ REPORTERROR™ NEWS v  APP gg MANUEL D... ¥

L Cona

TOTAL IONISING DOSE GAMMA RADIATION TESTING RADLAB OUR NEW COBALT-60 RADIATION FACILITY OFFERING RADLAE Testing Capabilitiss

= A fully flexible sourca.

Unlimited availabifity.
Extensive electrical parameter measurement capability.
Full in-house control.

Established to serve your needs for radiation testing from & brand new

perspactive.

» RADLAB® js recognized Centre of Excellence for ESA and DLA [USA} for
radiation testing.

* Approved service provider to OEM.'s and Space Agencies worldwide.

» |SO/IEC 17025:2017 accredited.

o laboratary Suitability Status VQE-15-028801, Control Number 0446847,

* Preparation of radiation test procedures and plans.

= T Uni ity of each i {iati ca is guarante ioh measur F
he Uniformity of each irradiation area is guaranteed through measurements of CEEENEE LGOS KGN
the relative dose rate in profiles, LAND AND MARITIME

Law and high dose rate (from 0 to =20 Krad{si)/h).

T CEBOX 3990
COLUMB OH 4321 B3390

» Static and dynamic biasing.

* Panoramic, cell and pool Co60 radiation sources. Apal 30.2021

« Coverage of all potentiel eannealing and accelerated aging conditions, Mr, Juan Carles Hidalgo RADLAB® has accumulated extensive experience in developing fast software fo
Mo T oo T A € 47T : : LG
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Colaboraciones Estratégica PRECEDER

ETEAM 2 .

ALTER

| Manuel Dominguez
Proiect Responsible

Centro Nacional de Aceleradores
Yolanda Morilla
Project Responsible

Rubén Garcia
R2E project leader

Pedro Martin
Irradiation Unit

Amor Romero -
Irradiation Unit i

JJ Gonzalez JL Gareia José de Martin
RadTest Engineer SW Developer Data Scientist

S Fernando Morilla
=41 University Professor a a
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El problema PRECEDER

Acceso a Datos y Machine Learning

MACHINE LEARNING

SRR Lagiatic Decision Tree
4 _/‘ 7 Regression Regression
d.ﬂ Im lﬂ‘i @ _!1!_ .OOQO;H . gﬁ}b
V4 5] §
=2 W :
= & Q k¢ & L |

Dimensionality

KNN
. .I Reduction

Random Forest K-means Naive Bayes
PREDICTIONS < ﬂ | ]

T

iy

SVM
/
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La estrategia

Modelos y validacidn.

16

PRECEDER extracts information from
experimental data and predict what will
be the behavior of similar components
without the need to test them under
radiation.

M.Dominguez | PRECEDER | Mayo 2024
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Laboratorio de radiacion neutronica

Ensayos de neutrones

- 'G

m ‘
‘ W

FNG Target holder is designed with a small amount of material
downstream, in order to reduce spectrum contamination
due to neutron scattering

AW CONTALT CALUNDAN | B bbich DEPERSENEE TREE | [ stow st acivly

ALTER
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Certificacion de cubesats PRECEDER

Ensayos de vacio térmico
™ T : 2 © Help
- p AUTH. LABORATORY MY SUGGEST AN MY REPORT -~
“-tual I ab CREW : | v v PO T o v NEWSv APP MANUEL D... v
DO SERVICES AREA IMPROVEMENT QUOTES ERROR

® THERMAL VACUUM CYCLL.. ~
O Detailed Graphics

O NEWERR TVAC
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Modelado de Comportamiento PRECEDER

Componentes

e - ™ -
{_QC x’ I rtu al L ab CREW AUTH.DOC  LABORATORY SERVICES ¥  MYAREA ™~  SUGGEST AN IMPROVEMENT ADMIN™ NEWTEST¥ MYQUOTESY REPCORTERRCR~ NEWS™  APP MANUEL D... ¥

—_— Detectando
diferencias gracias
al modelo generado

por el algoritmo.

ALTER
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Analisis predictivo PRECEDER

Optimized Variance Identification and Detection in Electronic Components

™
( ;é \’ irtu al Lab CREW AUTH.DOC LABORATORY SERVICES~ MY AREA ~  SUGGEST AN IMPROVEMENT ADMIN~ NEWTEST~ MYQUOTES~ REPORTERROR~ NEWS~ APP MANUEL D

- '_ Segmentando lotes
| BN por variacion de
comportamiento.

All in one.
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Analisis predictivo PRECEDER

Optimized Variance Identification and Detection in Electronic Components
ALTER {&¥Virtual Lab o [ oy S <[]y () S s 53 i [E] Mo [ by ot/ e [ o () i

ACCEPT

e Prediciendo fallos
== I antes de que
o ocurran.
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Base de datos singular

El major banco de datos del mercado
LeVirtual Lab

EEE Radiation info

HOME  EEE RADIATED @ MANUEL D... ¥

Cantes N T e SHOW! 10w ENTRIES AERRCH
—entro Nacional de a-'\i(:i‘:‘F'_z\_{’Jlt:.;
FART TYFE - FUNCTION TECHNOLOGY FAMILY MANUFACTURER IRRAD STEFS DOSE RATE
R & 1 ADSH Ultraion ut ent Dpers Amplifie £V Anabag Drevices AnriZa, A
. @& i AD5405H Uit puz Bas plfier 5 ROCACUITS A k. 10¢. 15k, 20K 25k, 30 2 raafs)t
EEE Radiation Search OptiOI‘IS @ i AD3ER i Linzar Bipo C Anatog Device: Ok 10k, 15k 2 B0k Arnt 68 32419
@ 1 roci nolithic Sifcan Sipolar Mt 1k 72k 114k 150k T3
& 1 oiE o Digital-Linsar Dial 11 B, Digital-to-Analag Canvertss Mondlithic = £ ROCRCUITS Analog Device i 3Lk, S TEK, 100 Ann250 150k ARr240, 270 5 ra o 1250 rad
@& i D38 i, ar, Dual 123 o eten, Mono <o Chos ROTACUTS Ok; 20k 3 Ok 125k Ann3 T, Anran. 200k S0irad
@& 1 T CRO analog Devices O, | 520K 2 355, & o0 72
@ i BAFET 5 Arint
@ i iFEET sk Ok Annzd
@ i FET 30k, SOk 100

TID - b
DISCLAT
o ey Arer T ; S Sty b S e i i e
i FILTER Alter Technoiogy does not assume any liability, including but not limited 1o fiabi ny damage cenved from the use of the 125t results and

shall neither imply. nor be construad as constituting, any kind of legal contractual rel

el DR
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he summary report only
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Data Security LVirtual Lab

ISO 27001 Certified VirtualLab, Ensuring Application and Infrastructure Security
o ™ REW AUTH. LABORATORY 2 MY S SUGGEST AN ADMIN v N MY - REPORI v Newsy  Arp A MANUELD. ~
Il'tl.l al Lab & DOC SERVICES AREA IMPROVEMENT e QUOTES ERROR i 52 L Dk
L\

Empresa:

ALTER TECHNOLOGY TUV NORD S.A.U.

Certificado: SI-0015/2024

Norma: [SO/IEC 27001:2022 AE N o R

Alcance (Inglés): The information systems that support the services A) Seville: PROCUREMENT SERVICES - Customer related
processes - Pre-procurement and procurement - Post-procurament - Invaicing TESTING ON CUSTOMER SEGURIDAD
OWNED COMPONENTS - Customer related pr ses - Test performance - Invoicing SUPPORT TO -
PROVISION & MANAGEMENT - Documentati astructure / F ies - Admi ration and Financial INFORMACION
management - Business management. Management systems, according to the current statement of
app! ility (SOA) to the issued date of the certificate. B) Madrid: TESTING ON CUSTOMER OWNED ISO/IEC 27001
COMPONENTS - Customer related processes - Test performance - invoicing SUPPCRT TO SERVICE PROVISION
& MANAGEMENT - Decumentation/Infr ture / Facilities - Administration and Financial management -
Business management, Management systems, according to the current statement of applicability (SOA) to
the issled date of the certificate.

L= |

Marca AENOR de Seqguridad de la

Centros incluid 1A
Enizes inowites i ALTER TECHNOLOGY TUV NORD 5.A.U. Informacion UNE-ISO/IEC 27001
Direccién: A) TOMAS ALBA EDISON, 4, PARQUE CIENTIFICO Y TECNOLOGICO CARTUJA
CP: 41092
Localidad: SEVILLA
Pais: Espafia

Direccion: B)CLMAJADA3
CP: 28780 .
Localidad: TRES CANTOS AI I I n o ne.

Pais: Espafia
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Premios
2022 & 2023

_EA THE TEAM & ALTER

CONTRIBUTORS FECHNDLOGY

SPECIAL THANKS TO “. g
. - ‘ n

-
© B

Bfobe Garzts
i)

Pl Uasts Helgals

..............

Innovation Award

4 ' 8 | TUV NORD GROUP

Kickbox 2022 - Seville - Spain Innovation Award 2023 - Essen - Germany
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NEXT STEPS

Gemelo digital




Gemelo Digital

Rutas de aprendizaje personalizadas impulsadas por IA

El desarrollo de un gemelo digital para monitorizar la
radiacion y que integrarse en cualquier equipo
embarcado ofrece numerosos beneficios.

0( M.L. ..
coty

ALTER cactus{sol

. , : Al replicar con precision el comportamiento del monitor

WY UCA = qrgeci- Y % ity de radiacion fisico en un entorno virtual, los ingenieros
e ' e pueden realizar extensas simulaciones y analisis de

escenarios, lo que permite una mejor comprension de

los riesgos potenciales y las estrategias 6ptimas de
mitigacion.

Los primeros pasos se evaluaran en la mision Alpha.

ALTER




ALTER

Gracias por su atencion.

Manuel Dominguez
+34 627 922 909
manuel.dominguez@altertechnology.com
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