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Digital continuity
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System Engineering
Center of Competence

New approaches

EasyMOD project

- Al assistants

Teepee is an Enhanced Engineering
Platform for the Extended Enterprise
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Save the date : 24/11 - 14h50

Towards Views Extraction to Ease
Concurrent Review of Systems
Engineering Models

->Natural and smart interfaces

TeePee4Space : demonstration of the

g g% usage of TeePee on a space use case

- Part 1 (MBSE2021) : mass budget
- Part 2 : power consumption budget



https://extranet.irt-saintexupery.com/Extranet/Projets/MOISE/Documents%20partages/00%20-%20Equipe%20Projet/Collaborative%20Platform/Communications/Media/planches_PPT_pour_video-J4etJ5.pptx
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Information sharing in Extended Enterprise

« Extended Enterprise : An ecosystem * Problem to be solved : the companies
constituted of a system integrator and decision management process needs to
several suppliers, which may also be fed by federated SE data coming from
subcontract with other suppliers their own data warehouse and from their
direct and indirect partners

* Challenges :
* Build a shared vocabulary

» Specify the collaboration in the extended
enterprise

COMPANY C
—> %  Control data exposure

» Ensure the consistency of the exposed data

Solution for
information sharing
in EE

\\_ =

TeePee value proposition : to build the digital continuity for Systems Engineering artifacts

within an Extended Enterprise for analysis purposes, by tackling heterogeneity of methods
and tools, as well as confidentiality of data
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Heterogeneity management - viewpoins, pivot meta- &
model, allocation/satisfaction links

* Pivot meta-models are defined for each
viewpoint analyis

« Each company defines a mapping between its
modelling tool and the pivot meta-model

Transl#tion

Bl PhysicalConstituent ‘ 83 propertyHolder 35 property

| H TargetedMass ] B estimatedMass | B MassMargin
value : EDouble
= =00

Pivot meta-model

fit
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responsability ST S
(spacecraft)
LSI model
perimeter Service Payload
@AMEO module module
SYSTEMS MODELER
Allocation /
Component Satisfaction
Component 1 - links

Payload
supplier
responsability

Payload supplier
model perimeter
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TeePee architecture L) saINT

T EXUPERY
@esal PBS a3l P ] <G come
Mass - g . .
| Others MRS Anayss, = « Same architecture for each company in the EE
Fiwoder |- Caio « [Each part which is not an Ul is seen as a
o= Sm’“gﬁ © ArBUs « microservice » with its REST-like API

« The models storage is distributed : each stakeholder
has the hand on his data, which he can choose to
expose or not

i
— ~~~

Modeler

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

© IRT Saint Exupéry « All rights reserved « Confidential and proprietary document




SAINT

|
T EXUPERY

Power consumption
budget analysis




D Q T

10/11/2022

Power consumption viewpoint

Platform Platform

ltem 1 ltem 2
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Power consumption viewpoint

-Platform mode 1
-Platform mode 2

Payload

Platform item 1 mode 1 | =lEii{ei:)
Platform item 1 mode 2
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Platform

ltem 2

No modes and
no power
consumption
for Platform
item 2

-Satellite mode 1
-Satellite mode 2

-Payload mode 1
-Payload mode 2
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Power consumption viewpoint

-Platform mode 1
-Platform mode 2

Platform item 1 mode 1 sIEYiie]gts Platform
Platform item 1 mode 2 ltem 1 ltem 2
item 1 mode | consumption no power
1 10W consumption
) 20W for Platform
item 2
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-Satellite mode 1
-Satellite mode 2

-Payload mode 1
-Payload mode 2

Payload Power
mode consumption
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30W
20W




D Q T

10/11/2022

Power consumption viewpoint

-Platform mode 1
-Platform mode 2

Platform item 1 mode 1 sIEYiie]gts Platform
Platform item 1 mode 2 ltem 1 ltem 2
item 1 mode | consumption no power
1 10W consumption
) 20W for Platform
item 2
fit | S
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-Payload mode 1
Payload -Payload mode 2

Payload Power
mode consumption

-Satellite mode 1
-Satellite mode 2

-

1

~ Modes mapping 1

~

N
AN
\ 2

1
2

30W
20W

| Platform | Platform
(Ml mode item 1 mode
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1 1
2 1-2

2
1
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Power consumption viewpoint

Satellite | Power
mode consumption

1 10+20 =40W
2 20+30=50W

-Platform mode 1
-Platform mode 2

Platform item 1 mode 1 sIEYiie]gts Platform

Platform item 1 mode 2 ltem 1 ltem 2
item 1 mode | consumption no power
1 10W consumption
) 20W for Platform
item 2
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Satellite | Platform | Payload
-Satellite mode 2 » mode mode mode

-

1 1

2 2
-Payload mode 1
Payload -Payload mode 2

Payload Power
mode consumption

~"Modes mapping 1 30W

~
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N 2 20W

\ Platform | Platform
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Space use case

ESA model
perimeter @ eésa
~A&OMET

Ground
segment

LSI model
perimeter

@ AIRBUS

DEFENCE & SPACE

@amE0
SYSTEMS MODELER

Launch
segment

Service
module

Component 1

FRENCH
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Component n
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Space
segment
spacecraft

Structure
module

Component
n+1
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Payload
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W\ SAINT
T EXUPERY

ESA responsability
LSI responsability

Payload supplier
responsability

Payload supplier
model perimeter
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Experimentation - models in their native tools

SN
A
|

Product Tree, Light_TeePeed4Space *
I ¥ Q

Model: HIPE_TesPeedipace Data-Source: hitp/lingequip:5000/ e Sa
Iteration: £ Person: Romaric Demachy \ )MET

Option: Light_TeePeedipace Domain OF Expertise: System Engineering [SYE]

Name Value Cwner Switch Descrip
4 [E {XIPE Mission i SYE
[ [E Ground Segment:Ground Segment SYE
[ [ Launch Segment : Launch Segment SYE
4 [ Space Segment: Space Segment SYE
4 [ Spacecraft: Spacecraft SYE
° dry mass - [kal SYE MANUAL
O mass 1000 [kg] SYE REFEREMCE
4 Q peak consumed power SYE
f_j Umbilical to Sun Acguisition 23 [W] SYE REFEREMCE
f_j Observation Low Declination 100 [W] SYE REFERENCE
f_j Manoeuvre 150 [W] SYE REFEREMCE
3 Slow Slew 200 W1 SYE REFEREMCE

FRENCH
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Experimentation - models in their native tools

Product Tree, Light_TeePeed4Space *

It 2 ¥ Q@
Model:  XIPE_TesPeedipace  Data-Source: hitp/lingequip:5000/
Heration: 4 - Person: Ror:aric Eg):n a:hy @ esa ﬂOMET
Option: Light_TeePeedipace Domain OF Expertise: System Engineering [SYE]
Name Value Cwner Switch De
4 [E {XIPE Mission i SYE

b [ Ground Segment: Ground Segment

[ [ Launch Segment: Launch Segment

4 [ Space Segment: Space Segment

4 [ Spacecraft: Spacecraft SYE
@ drymass - [kgl SYE MANUAL
Q mass 1000 [kg] SYE REFERENCE
4 Q peak consumed power SYE
i_j Umbilical to Sun Acguisition 23 [W] SYE REFEREMCE
{2l Observation Low Declination 100 [W] SYE REFERENCE
i Manoeuvre 150 [W] SYE REFERENCE
T3 Slow Slew 200 W1 SYE REFERENCE
FRENCH
INSTITUTES OF
TECHNOLOGY
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payload r.|udulel
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DEFENCE & SPACE SYSTEMS MODELER

//

Payload Module [L]

BT

aognc, harness pwr str cprupl dh l tc l sye com rad
| AOGHC E| |Harness E| | PUIR Q‘ | STR Q| | CPROP E| | DH E| | TC E| | SYE E| | com Q| | RAD E|
Legend B W =®EY<TR Sodern Hydra Electronics Unit 1
= -
A" Dependency = T = = & & Modes
= - I g
A = -g <L
2 £ 5 5
£ P coc w
T 2 S 2
%% E3
- o=
o Cc w ow U T O
] ]
A ZEEERS on
TEREE R = M Standby
Bl-F [STR Sodern Hydra Ele 1011 1 1 1 - & on power consumption : power[watt] = 11.0
M On 4 7 A A - & standby power consumption : power[watt] = 0.0
LM Standby 7 A A - i realizedMassBudget : mass[kilogram] = 1.94
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Experimentation - models in their native tools

Product Tree, Light_TeePeed4Space *

payload Mndulel

Payload Module EI

service Mndulel

g @AIRBUS  Gawio
i DEFENCE & SPACE §YSTEMS MODELER

SAINT

@AMEO

gwm Module L]
L

[ -@-%po ?a

: Model: HIPE_TesPeedipace Data-Source: hitp/lingequip:5000/

| Heration: 4 Person: Romaric Demachy esa ﬂ‘)MET
Option: Light_TeePeedipace Domain Of Expertise: System Engineering [SYE]
Name Value Cwner Switch De

4 { XIPE Mission |
b [ Ground Segment: Ground Segment
[ [ Launch Segment: Launch Segment
4 [ Space Segment: Space Segment

4 [ Spacecraft: Spacecraft SYE
@ drymass - kgl SYE MANUAL

Q mass 1000 [kg] SYE REFERENCE
4 Q peak consumed power SYE
@ Umbilical to Sun Acguisition 23 [W] SYE

7] Observation Low Declination 100 [W] SYE REFERENCE

ij Manoeuvre 150 [W] REFEREMCE

T3 Slow Slew 200 W1 REFERENCE

acgnc

/,

harness,

| AOGHC EI |I|arness EI

b= [Spacecraft::System & [0
I Observation high de

[STR Sodern Hydra Ele
M On
M Standby

1M Observation low decl

1 Umbilical to Sun Acq

cprupl dh l tc l sye com rad
|cpn0p EI | DH EI | TC ml | SYE ml |c0|.| ml | RAD EI
Legend
' Dependency

- (M) Standby

- & on power consumption : power[watt] = 11.0
- & standby power consumption : power [watt] = 0.0

@ realizedMassBudget : mass[kilogram] = 1.54

: ; Engineering
10 ¥ Mitor Assembly Module
11 | 1 Without margin [W] 50 50 data sources
12| | Including margin (W] 50 50
13 1 ¥ Deplogable sun shield
14] [ 1 Pover mode > |G ICEE—
15| (s Without margin [W] 50 50 0 0
16| (il Margin (022) [W] o 0 0 0
17| 1 Including marain [\] 50 50 0 0
18] ¥ Focal Plane Module
19| 1 1 Mithout margin [W] 20 2 0 0
20| [ Including margin (W) 2 20 0 0
21| 1 ¥ Contol efestronics.
2 Ui L Power mode > |G INNSCEER—
2 I Without margin [W] 3 [3 0 0
24| T Margin (0%) W] 0 0 0 0
25 (N Including margin [] I 5 0
2| | ¥ Focalplane assembly
27 [ 1 Power mode >
28| (i ithout margin [W]
2 i WMargin (0%) (W]
30| I Including margin [W/]

Kill| Power without margin

E7jl| Power including margin

ES)| System power margin

kXy| Total power including system margin

fit
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Domain

ontologies

Structure

Knowledge
graph

Versionning, diff, ...

Teepee
exporter

EXAG

Engineering dato exchange

Data analysis,
reasoners and
Al algorithms

Collaboration
services

Delivery
process

N

Excel file

@

Customer
web
browser

o &

ThaIesA_l.erf%

P S ——— Spa(_'e
|Mode name| Mode id |Physica|- p owner | power ption parent mode id
ON el.1_elm.ON el.l 0
OFF el.1_elm.OFF el.l 0
Standby el.1_elm.Standby el.l 0
OFF el.1_ss.STRUCTURE_eq.1_pm.2 el.1_ss.STRUCTURE_eq.1 0 el.1_elm.OFF
ON el.1_ss.STRUCTURE_eq.1_pm.1 el.1_ss.STRUCTURE_eq.1 50 el.1_elm.ON,el.1_elm.Standby
OFF el.1_ss.STRUCTURE_eq.2_pm.2 el.1_ss.STRUCTURE_eq.2 0 el.1_elm.OFF
ON el.1_ss.STRUCTURE_eq.2_pm.1 el.1_ss.STRUCTURE_eq.2 20 el.1_elm.ON,el.1_elm.Standby
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Experimentation - Power consumption viewpoint results

Power Consumption by Mode
Namescope: esa
ld: 30e6b522-Tdbe-4fd5-a433-318f9c5f0557,685075ch-8ebi-dcde-9df2-dIfbdcfeb 167,347 df315-cffa-dav-a.

EE_depth: -2
targeted astimated
Product Brealkdown Structure
400 —
350 —
2004
- Service Module
250
% - AOGNC
§ 200 -
* STR Sodem Hydra Electronics Unit 1
150
MTQ Zarm MT110-2
100
GYRO Selex Galileo Sireus 1
50
GYRO Selex Galileo Sireus 2
o T T T T T 1
g g g 2 g 5 RW Rockwell Collins RSI 12
2 2 2 @ =
: g g : 5 STR Sodern Hydra Electronics Unit 2
= z 5
=] g =

mode/power_type
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Observation High Declination

{Target: 350.0W)

- Spacecraft 372.566W (Observation High Declination)

302.57W (roll-up)
154.52W (roll-up)
1.12W (On)
2.0W (On)
0.0W (Standby)
0.0W (Standby)
90.0W (On)

11.0W (On)

( ) SAINT
EXU PERY

Manoeuvre

(Target: 300.0W)

302.766W (Manoeuvre)
302.77W froll-up)
154.52W froll-up)
1.12W (On)
2.9W (On)
0.0W (Standby)
0.0W (Standby)
90.0W (On)

11.0W (On)
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Conclusion

Achievements
* Development of a connector for COMET
 Creation of a new viewpoint

« Development of the « closing the loop »
capability

- Validation on a use case representative of
an Extended Enterprise in the space
industry

->The project terminated in
February 2022
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Perspectives

» Ontology definition (OSMOSE,...), used
as pivot meta-models

* Integration of TeePee with EasyMOD
(see presentation on Thursday, 2:50pm)
for the review of unified aggregated
models

» Develop partnerships with tool vendors

* Pursue the research on Extended
Enterprise and develop new capabilities
for TeePee (continuous integration,
trade-offs during bidding phase, use for
digital twin) - building of a new IRT
project in progress

? EXUPERY
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for your attention

Contact :
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