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SPACE ACTIVITIES AT
iXblue




A French, independant, high-tech company
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First Astrix NS

Space qualified inertial systems at iXblue delivered

More than 15 years of experience and
heritage in

First Astrix 1090
More than 6 millions hours of flight without produced On board the

incident

launcher Ariane 5

2022

Launch of Astrix 200, a gyro On board Pléiades
with very high performances
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Astrix NS main performances . -

General features é
Compact : 100 x 100 x 100 mm cnes
Low power : 7 W DeTUDES SPATIALES
Light: 1.4 kg

RS422 / RS485 communication and power supply 20V - 52 V

Compatible with LEO and GEO (15 years + 260 days EOR) missions including radiation levels and
SEL/SEU

Based on space qualified COTS electronics to offer a competitive price while keeping high inertial
performances and high reliability

Main inertial performances
ARW : 0.005 °/~h and down to 0.0025 °/~h at all frequencies
Bias stability over 1 hour : < 0.02°/h (steady temperature)
Scale factor : < 200 ppm @3c
Start up and access to relevantdata:<1s

Measurement range at full performance : > 60°/s




Astrix NS applications

Perfect choice for

Start-up at high angular speed (> 60°/s) and very quickly (< 1s) for safety
High reliability with EEE parts space qualified by Airbus for GEO 15 years + EOR

Good inertial performances for orbit raising and stabilisation

Very well-suited for

High inertial performances with a perfectly flat Allan variance and an ARW down to 0.0025°/\h. For instance, it

allows vibration correction at high frequencies, up to 500 Hz.

Perfectly flat Allan variance (ARW = 4.5 m*/vh)
No other noise at high and low frequencies

Good bias stability < 0.02°/h 500;;.

No vibrating parts and good thermal behaviour to avoid parasitic effects

Allan variance in */h

that require compact and competitive equipment -«
that can be produced in volume and with short lead time.

1.00-01 L0C-0z 10001 137420 1,00-01 13041 100401 100+
Integration time in seconds
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ASTRIX NS — NEW SPACE
PHILOSOPHY




New space philosophy of Astrix NS

IS a generic concept with products ranging from low to high reliability

A lot of thought was put into defining a for Astrix NS at the beginning
of project

How to ensure a acceptable for all customers ?

How to reduce ?

How to target for GEO 15 years + 260 EOR missions ?



Astrix NS Quality Referential

For the construction of our Astrix NS quality reference system, we chose to follow the ECSS adaptation
method (ECSS-S-ST-00-02C Tailoring). Indeed, we took the exhaustive list of all the ECSS standards,
we held meetings with different people from each profession to decide on the selection of standards,
according to the technical characteristics of the Astrix NS and the need for the project.

For each standard retained, we have set up a Requirements Traceability Matrix that each pilot must fill
in, with our level of compliance. ( = 22 000 requirements
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Qualification at component level

EEE parts selection and qualification done and validated by following their “Next
Space” process.

Electronics components are selected from

Lot acceptance tests are tailored depending on data available from suppliers and based on the
following tests

Construction analysis

Life test

Highly accelerated stress test
Temperature cycling test

For radiation, same process as for usual space programs i.e. SEE and TID test for new references

Opto components (fiber, photodiode, laser diode...) qualification is based on Astrix 1090 & 200
process and heritage.



Astrix NS qualification at system level

Based on ECSS

* Qualification approach is based on a main model

- The main QM will see most of the qualification and all the environments in a « test as you fly » chronology

Functionnal

= Dielectrical tests- §6.2.3
= Good health control - §5.2

Performance Vibration

» Scale factor determination - §6.4.1 = Critical frequency sweep - §7.1.1

= Bias determination - §6.4.2 = High level sine vibration - §7.1.1

= Angular Random Walk (ARW) and Power = Random vibrations - §7.1 1 Good health control - §5_2
Spectral Density (PSD) -56.4.3 = Critical frequency sweep - §7.1.1

» Misalignment and orthogonality - §6.4.1

= Dead zone - §6.4.4

* Magnetic sensitivity - §6.4.5

Shock - §7.2.2

Good health control - §5.2 Thermal vacuum cycling - §7.2 4 Good health control - §5.2

EMC/ESD - §8

13

Performance

Functionnal

* Dielectrical tests- §6.2.3
* Good health control - §5.2

= Scale factor determination - §6.4.1

= Bias determination - §6.4.2

= Angular Random Walk (ARW) -56.4.3

= Misalignment and orthogonality - §6.4.1
= Damage limit dynamic - §6.4.4

= Dead zone - §6.4 6

= Magnetic sensitivity - §6.4.5

Table 1: Sequence of tests for Astrix NS main qualification model



Operational Safety

For Astrix NS, we chose to subcontract the operational safety study with

Board
Failure Rate (FIT)

The deliverables of this study are: GEO mission profil GEO mission profil LEO mission profil "Eop’r':;fi""

A reliability analysis
An FMEA analysis
An availability analysis (for QM milestone)

A hazard analysis (for QM milestone)

The applicable standards are:

Fides 2009 standard and ECSS: ECSS-Q-ST-30C Dependability and ECSS-Q-ST-40C Safety.

100% ON 33% ON 100% ON 50% ON
Digital 836 334 91.4 64.4
Interface 176.3 66.4 154 4 885
Optoelectronic 354 12.8 343 233
e o 5 g
ASTRIX NS I 388 153 373 227

Table 5-2: ASTRIX NS reliability results

This study is completed by a Part Stress Analysis (PSA) and Worst-Case Analysis (WCA) handled by

iXblue.
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ASTRIX NS - DEVELOPMENT
UPDATES




Astrix NS project status

Start of EM delivery
to customers

Start of FM delivery
to customers

June  Sept Nov March June Sep
R L SR S
CDR  CDR TRR | QR
Close out 1
EM 3

'\
cnNnes

CENTRE NATIONAL
D’€TUDES SPATIALES

2022

|
Qualif Report

Optical components qualification

EEE components qual fication

2023




Astrix NS inertial performances

Rate Allan Variance (°/h)

Time in seconds

Noise: ARW down to

0,025°/vh

Performances were confirmed on EM models for both standard and high-performance version.

All inertial performances are validated on the engineering models for the CDR over the full performance
qualification range (-25°C / +65°C).

Engineering models are manufactured and delivered to customer in 2022.
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Scale factor thermal
sensitivity: under 200ppm

Bias thermal sensitivity :
under0.2°/h



Absolute Angle Error

Astrix NS inertial performances

Published paper at ICSO 2022 on line of sight and angular knowledge errors.

100 prad

Angular Knowledge Error (AKE) in prad through time - Gyro only, no feedback

—X axis
—Y axis
10 prad 2 axis A A T Y
== OS Error Angle iy o r’ (

Angular Knowiedge Eror zlong fime (3D} - urad

Vo

0.01 prad

10s 109

AKE of 0.3 prad at 0.1s is demonstrated on the standard performance version
The noise is a pure ARW without any other contribution



Thermal model and tests

Vacuum thermal tests have been conducted both at iXblue and
CNES

Both tests confirm Astrix NS good thermal behavior

Low temperature increase (below 7°C) for all temperature tested from -
20°C to +65°C

No problematic warm-up of electronic components regarding reliability,
PSA and WCA.

Astrix NS thermal behavior is consistent with the thermal simulations:
Finite Element model using NX Nastran




Mechanical environment validation

Mechanical design was validated following CDR with succcessfull test
campains in shocks and vibrations.
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ASTRIX NS — IMU variation




Astrix NS - an inertial measurement unit variation

EURISA: H2020 project sponsored by the European Union with 4 partners
ETH Zurich

Airbus Defence and Space
Entry, descent and landing - =

DLR Bremen
iXblue \ \% p= .

Space shuttle\‘4 -
Based on Astrix NS with iXblue -
Interplanetary cruise

accelerometers /
On board IMU processing ﬁ =k

(lever arms, coning sculing,...)
based on iXblue algorithm




Astrix NS - an inertial measurement unit version

General features

h»__:v'
| l!il“‘
> G

Compact : 110 x 110 x 120 mm

Low power : 12 W |
Light : < 2 kg A
RS422 communication and power supply 20V - 52 V

Based on space qualified COTS electronics to offer a competitive price while keeping high inertial
performances and high reliability

Main inertial performance gyroscope Main inertial performance accelerometer
ARW : 0.005 °/~h Long term bias stability EOL: 500ug
Bias stability 30 minutes : < 0.025°/h Bias stability 1 hour: 20ug
Scale factor stability : < 300 ppm @3c Scale factor stability : < 150 ppm @3c

Measurement range at full performance : +-30°/s Measurement range at full performance : +12g



Astrix NS - an inertial measurement unit version

EM available in 2023 and fully tested by 2024 in the scope of the
H2020 project

FM available in 2025 following qualification (crucial qualification

heritage from Astrix NS).
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Questions ?

We would like to thank Airbus for our long-term collaboration
We would like to thank CNES for their technical and financial support




