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Objectives

* CoRA Smart AOCS&GNC Elements (SAGE) is a multidisciplinary activity aimed to
implement AOCS & GNC functional chains with reliable sensors and actuators in a
compact and reconfigurable way fitting in the overall avionics architecture called CoRA
and developed in parallel with the MBAD and RDHC activities.
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Product Tree besides the parallel CoRA activities

CoRA Product
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CoRA-SAGE environment overview
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CoRA-SAGE Technical Baseline

Consortium
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Baseline Mission

Space Rider is a reusable orbital vehicle
designed to fly up to 6 times to carry out Earth
Observation, Microgravity, Telescope and
Rendez-Vous missions. Space Rider will be
launched by Vega from Kourou. Space Rider will
be composed by an Orbital Servicing Module
(OSM) and by a Re-Entry Module (RM). OSM wiill
separate before the re entry.

The nominal mission data are

e Mission duration: 2 Months

« Mass (OSM+RM): 4100kg
 Orbit altitude: 400 Km
 Orbit Inclination: Ko
 Attitudes: Nadir & Inertial
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AOCS/GNC Modes (1/2) o
In the frame of the CORA-SAGE activity, the E@
following AOCS/GNC modes will be used as

reference AOCS/GNC software: ij

* Inertial Pointing Mode (IPM)
* Re-Entry & TAEM (REM)

- Safe Mode (SFM) ED

This mode selection allows to cover very

different needs and requires a large set of S i e
AOCS/GNC units including: | [eripon !
Star Trackers ! Rr—
. Giss et
* INS I | Re-entry & TAEM :
* Sun Sensors R ) :
« Gyroscopes Smm———— S——l---
* Fluid Air Data System i
* Reaction Wheels E@
* Thrusters
« Entry Elevons @

us SENER
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AOCS/GNC Modes (2/2)

AOCS/GNC Modes development is carried out in Matlab and then
Implemented in taste.

taste taste

e]\[e
GNC Conversion
Develop. to Fixed
(Matlab/ Point
Simulink) (Matlab
Simulink)

GNC
Autocode to
C

(Matlab
Simulink)

8 SeneR
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AOCS/GNC Modes - Safe Mode (1/74)

e SFM overview: Zsnsr

* Objective:
O Point the sun with the solar arrays in a
fixed position.

* Requirements:
O Use redundant sensors: SAS and GYR.
O Use RCS as actuator. 2750m
0 Robust GNC algorithm.
O APE < 15°.
O Angular rate < 8°/s. 4400m | —

2.200m ||

1.350 m

XSAS»‘F

« Space Rider Configuration: —
Q Solar panels perpendicular to Z ;g — -
L SAS boresight axis is parallel to Z ;5. v

Ysase Yo

2.250m

E
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AOCS/GNC Modes - Safe Mode (2/74)

SFM is carried out in orbit according to the following Activity Diagram.

% : Reusable Orbital Vehicl...

% E. Safe : Reusable Orbital Vehi...

7 Used Units : GNC Units

Q

Safe
Command

I . ™y
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[l :Gyroscopes

velocity

Remove Angular
Velocity

[ :Thrusters

J

Sun

|
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Iy

Exit
Command

¢

@

1 :Sun Sensor
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AOCS/GNC Modes - Safe Mode (374)
» AOCS/GNC Units:

» SAS x1 (redundant units not included in the design)
« IMU x1

* RCS : 6 Thrusters of 220N
« Modelling: heritage of SENER validated models.

Aerospace Division

Gyroscope RCS

SAS
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AOCS/GNC Modes - Safe Mode (4/74)

SFM is implemented in CORA as follows:

(" )
Safe Mode
[ “am T |
==
|-‘_:.::.:‘:- . £
(g 3xGyro 4xSAS 4XTHR
(oo 3
=
\_ J
e N
EGSE (PXI based)
spacewire ‘
Ground RS422
Command CAN BUS
analog
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AOCS/GNC Modes - Re-Entry & TAEM

REM starts when Mach <5 and ends at parachute deployment. This mode
Includes the autonomous FDIR.

2 Atmospheric Re-ent... |2 C1. Control Atmospheric Re-entry... |Ea Used Units : G...

Hins-GNsS
<Mach &

‘ [0 :FADS a2

——— FAILURE
)
Command Elevons to
RECONFIGURATION - {"“”“" v J o e

Deploy
Parachute

S SENER
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AOCS/GNC Modes - Re-Entry & TAEM (cont.)

REM is implemented in CORA as follows:

( )
Re-Entry Mode + FDIR
i um:nh«. # €1, Cantrol Atmospharic Re-entry... [ Used Units | G..
S | T
=a
I 2XGNSS 2XINS 1xXFADS
L J
4 )
paceuire EGSE (PXI based)
RS422 e
2X
= IB = Elevon
analog
.
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AOCS/GNC Modes - Fine Pointing Mode (1/5)

* FPM overview:

* Objective:
O Points the cargo bay to Nadir:
» Earth Observation.

» Micro-gravity experiments (aerodynamic drag is
minimized for this attitude).

f .Nadi.r
: direction
* Requirements: Zeee f E
O Use primary sensors: w Yelocity vector
> STR in Attitude Tracking Mode. TNl Orbital angular
> GPS in Attitude Tracking Mode. = momentum rectior v
O Use RWs as actuators.

O APE < 0.5°.
O Angular rate < 5°/s

» Space Rider Configuration:
Q Solar panels perpendicular to X ;5 (worst case).
O STR boresight axis matches with + Y.¢5. Yeae
Sun is out STR FoV with this lay-out.
L RWs are not saturated.
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AOCS/GNC Modes - Fine Pointing Mode (2/5)

FPM is carried out in orbit according to the following Activity Diagram

,% Orbital UC : SPACE RIDER ...

%

AZ Inertialf A3 Madir Pointing : GHC

[3  Used Units : GNC Units

?
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Command
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-
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@

5
|
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M
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AOCS/GNC Modes - Fine Pointing Mode (3/5)
« AOCS/GNC Units: Zaue Ze

« STRx1

* GPS atenna x1

* RWs : 4 wheels in pyramidal configuration.

» Modelling: heritage of SENER validated models.
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AOCS/GNC Modes - Fine Pointing Mode (4/5)
« AOCS/GNC Units - AURIGA STR:

« STRx1

» AURIGA Simulink model provided by Sodern.
» Performances of the attitude tracking mode of the STR.

sc_dynamics auriga_inputs Model_simulation_input
sc_dynamics_&_orbital_params

AURIGA_prepro
Model_output
orbital_params TC Model STR_TC
AURIGA_TC

Sfun_ModNumHYDRA

©SENER Ingenieria y Sistemas, S.A.




CoRA ADCSS

Aerospace Division

AOCS/GNC Modes - Fine Pointing Mode (5/5)

4 )
Fine Pointing Mode
() . o
(=)
(= o S
il B
@
J

Ground
Command

spacewire

spacewire
RS422

CAN BUS

analog

{ D
STR HW —
| -OHU -OGSE |
d )
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\.
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Validation Approach (1/3)

 Close loop tests in Matlab/Simulink:

Performances

Functionalities

* Open loop tests in TASTE:

Software Generation

Monte Carlo
Single Test

Single Test

Varying bias error of
employed sensors
between shoots.

In order to consolidate
design parameter
selection.

Demonstrate
performance and
capabilities.

Validate software
generation and
deployment in TASTE
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Validation Approach (2/3)

* SFM Preliminary Results:

* Initially, the angular deviation is about 35°.
Actual angle between Zm.1B and Sun direction
v | | » After 20 seconds the +-15° band is entered
=% and maintained.
Rl AA
<10 V \Mﬁ“ « During eclipse the angular deviation
0 . | . . | . increases (error angles are computed from
0 0 1000 "EﬂTﬂime [;DW 2500 300 30 gyro measurements). Only small degradation
Measured angle between Z,_ and Sun direction of GNC performances is observed.
40 T T T T
_ 4 » Performance:
o, | O Attitude pointing error < 15° when SAS
g is illuminated.
10 MA O Peaks during gyro-based attitude
o o o e o e w0 300 control of 8° over nominal limits.
Time [g]
| Y )
In eclipse
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Validation Approach (3/3)

 Preliminary Results:

Aerospace Division

Angular Deviation Z-GBF wrt Nadir direction

* Initially, the angular deviation is 5°.
* Implemented GNC points Z ;g to nadir.
» Performance:

O Attitude pointing error < 0.2° after
about t=300s

ang Deviation [?]

D I 1 i 1 i w i __Ih
] 80 100 150 200 250 300 350 400 450 500
Time [s]

E
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CoRA EGSE (1/3)

Components:

- MMI.

- Controller.

- Real Time Simulator.
- Units EGSE

CoRA EGSE
[ MMI ]

)

INS
EGSE

STR

EGSE TolFrom S/C
TolFrom AOCS/GNC Units
SAS

EGSE

FADS
EGSE

GNSS
EGSE

OSM RCS
EGSE

REMRCS
EGSE

ELEVON
EGSE

RW
EGSE

35 SENER|
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CoRA EGSE (2/3)

From this Tab the user has access to:

- The Commands panel, where the
desired command can be
selected, its arguments

M V18 SCoE MM . %
populated and pressing the send an] 75 M Ostal Conhurtin W Abnt
button it will be transferred to e
the SCOE to be executed. SRR

Selected OMD Parameters

- The command history panel, G =
where the sent commands are s =
stored, having a color code St
which defines the status. Red :
command rejected, Yellow :
Acceptance pending, Green:

command accepted.

&0

- Housekeeping panel, where all
the cyclic data indicating the
status of RTSW housekeeping
variables and EGSE units is

dlsplayed PENDING  IREDECTED! 'ACCEPTED!
HouseXeepng
- Events Panel, where the log of e DETHOATA " EGRLhe Mol Sie | || = Scos Tme o Desarpan
the SCOE is displayed P—
graphically. e
SW STATE
- Plot Desktop: Where plots can e
) MISSION STATE
be added for detailed
VISU&'IZatIOﬂ. TC Socket ™ Sodket [ Critcal errors [AErrors [ Wamnings [ Informative [ Debug ... Event ID fiter Event text fiter

S SENER
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CoRA EGSE (3/3)

The variables of datapool corresponding to the mathematical models and
TMTC/OPERATIONAL units are displayed.

M EXM18 SCOE MMI

Main T5 {TM Datapodl | Configuration Wizard About

Mnemoric fiter |

| Name fiter | | [Show only favourites []E10n Total Rows 10034 | Rows fitered (10034 | Rows selected [0 |

Date

Housekzeping
DKE SCC DATA

SCOE_HK System resources IMU DATA STRDATA

Mnemonic Name Description Units value Favourite?

(050115 7362007 LRCSOMBTon TS tmedbpemwandperstorml o |
171060115 77368005 LRGSMINTon Tt wnendtpamwandprstor fmd g |
171000115 730201 LRGS OMINTon T e nendtpcawandpersfor ] g |
171060115 730301, URGS OMINTon T 6 nandpconwandparsfor ] g |
(71080115 272601 LRGS GWIDTon Tnf  onendbpaanwandpers o [l B |
171050115 22368017 LRGS CMITon Tup 0 onend pcanmandpers o [l i |
us01s A0t RGSOMBTon T2 tmedbpenwandperstor. mdl o |
171000115 73pa021 LRGS CMINTon T 13 wnendtpamwandpersfor fmd |
71000115 A0 RS MMt BenchaawrO-none, 1=l |
(171060115 77368025 LRCS W OUTF re 5CC 0 Force rovedbyResmsec o p |
(71080115 22268027 LRGS GWOUTF 1 5CC 2 ForceoviedyRGsmsec e 00 ||
(71050115 736A0%  LRGSCMOUTH s SCC | TowepoidedbyRCSnSCC .t ||
us01is A5l RCSOMOUTenpd Mesfew g |
171000115 7736305 | LRGS CMOUT popelanvas... Resdlpropelant mass e il o |
7060115 a0 RS MGUTpReed  pressremtets b g |

1.RCS_CM.OUT propellantPos_. .. Propellant tanks position in SCC ... |[m] o

171060115_7ZBAAD3T

Events

iii?a?a3333%%%ii%%%%%%ﬁiiii%%%%%%g
2

DKE DM DATA. EGSE Uniits Mode HK. Straps # SCOE Time RID Description

SCOETIME |

SIM.TIME [

SW STATE ‘

CONTROL STATE |

MISSION STATE |

[A Critical errors [ Errors. [/ Warnings [7] Informative [7]Debug ... EventDfiter | | Event textfiter
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Conclusions

This presentation contains an overview of the CoRA SAGE activity.
It presents:
« The SAGE Objectives
« The role of the consortium formed by SENER, SODERN and DEIMOS
« The Space Rider Baseline Mission.
 The selected AOCS/GNC Modes and in particular:
« Safe Mode (SFM).
* Re-Entry and TAEM Mode (REM).
* Fine Pointing Mode (FPM).
 The AOCS/GNC Validation Approach
« And finally the CoRA EGSE that will be delivered to ESTEC.
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La manera de ver el futuro

Lorenzo Tarabini

lorenzo.tarabini@sener.es
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