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Used for preliminary aircraft design
studies, air traffic management and
scenario analyses

Flexible arrangement of desks
depending on study requirements

1 Currently: Focus on multi-
=1 disciplinary design and optimization
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payload
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structure
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communication
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Source: e.g. TSTI
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Adding Semantics — Unit Management Example

#| BaseModel.ecore 7 #| Qudv.ecore &7
4 ] platform:/resource/de.dIr.virsat.datastore.ecore/ecore/BaseModel.ecore 4 #] platform:/resource/de.dirvirsat.qudv.ecore/ecore/Qudv.ecore
4 8 qudv
H ProjectRepository Lee cmmpmr‘le[;‘lti H SystemComponent 0_* : S Egir;;actnr
!,x“:' i child - H AConversionBasedUnit -» Alnit
,fff . B LinearConversionUnit -> AConversionBasedUnit

AffineConversionlnit -> AConversionBasedUnit

Usageina ~
Video

-
_~—"calculations
0%~

H Calculation

Unit

QuantityKind
ind -> AQuantityKind
ityKind -> AQuantityKind

name : E5tring

_ the
- = symbol : EString in
- = description : EString L3,

- &= definitionURI : EString
- =t prefic: Prefix
2 unit: Alnit
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System(s) Analyis
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Sensitivity Analysis

Fe- Study Mavigator 3 v = O || & Sensitivity Analysis (BETA) 52
!ﬁ Sensitivity TestStudy o aga 3 .
24 Propulsion & Sensitivity Analysis
Elg 2 Calculations

P m_p = m_0 : Ziolkowski - Equation : Av: Zi

EF YV_t=rm_p: Math - Divide: p_MN2H4
= 7 Parameters

I, c:2300.00 : m/s

I, m_p: 20768 : kg

Select Proxy lﬂemiti'.rityﬁeal *] ’ Run Sensitivity 2

Dependency analysis

Enable Color Gradient in Grid

m_p Vit m_t

& m._0 006 000 000
B, Av:165.00:m/s = 0.00 0.04
iy m_0:3000.00 : kg b (1= ' :
o V021 m? = ¢ 007 000  -0.00
1, p_N2H4 :1008.00 : kg/m® p.N2H4 | 000 000 0O
1, p_burst: 5200000.00 : Pa p. fitan 000 000 000
if F?t][u::ture p_burst 000 000 000
=z 1 Calculation o_titan 0.00 0.00 -0.00

T= m_t = p_titan : Mass_Sphere_Tank: V_t: M
m= iParameters
I m_t:795: kg

Ell]
0 p_titan : 443000 : kg/m’
1 o_titan : 82500000000 ; Pa -

£00
I | r

*Volker Schaus, Philipp M. Fischer, Dominik Quantius, Andreas Gerndt - Automated
Sensitivity Analysis in Early Space Mission Design — SECESA Workshop 2012, Lisbon,
Portugal
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Decision Support

2 Parameter History Plot and Configuration
Selected Parameter:  massLaunchMass (ID: bbldal 2f-3b55-4256-91b6-591 7b45d9dsF)

Developme

Critical Design
Changes

T ———

7
=

sEwavetaunchMass-

Contribution to total mass in [%]

ThermalContr

) — [T

Communicati
ons

Configuration
DataHandling

Propulsion

Instrurments ———

ldum | e g
o *Meenakshi Deshmukh, Volker Schaus, Philipp M. Fischer,

Dominik Quantius, Volker Maiwald, Andreas Gerndt - Decision

Revision

Support Tool for Concurrent Engineering in Space Mission Design
- 19th ISPE International Conference on Concurrent Engineering,

Trier Germanv
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Ju JUnit

Finished after 50.483 seconds

Runs:  808/808 B Errors: 0 B Failures: 0

[

4 [gjt]

o
=N

e.dlr.virsat.tests [Runner: JUnit 4] (50.436 5) = Failure Trace

e.dlrvirsat.visualisation.mission.configuration AllTests (0.713

[~

edlrvirsat.visualisation.mission.scenery. AllTests (5.575 <)
edirvirsat.mission.modeling checker AllTests (4.499

] de.dlrvirsat.mission.modeling.checker.algorithm.util. Com)
| de.dlrvirsat.mission.medeling.checker.algorithm, util. Missi
| de.dIrvirsat.mission.medeling.checker.algorithm,util.Missi
] de.dirvirsat.mission.modeling.checker.algorithm.util. Satell
1 de.dlrvirsat.mission.modeling.checker.algorithm.util State’
| de.dlrvirsat.mission.modeling.checker.simulation. ASimula
| de.dirvirsat.mission.maedeling.checker.simulation.kernel.5i
] de.dlrvirsat.mission.modeling.checker.modeltransformatic

o

&
[
4

B m

1B

Snisk Usage: Workspace 308, Bulds

]

B

Disk Usage Trend

|

t] de.dlrvirsat.mission.modeling.checker.ModelingCheckerlv| _
+ Hi dedirvirsatmission.modeling.checker.algorithm.ACheckir_
| de.dirvirsat.mission.medeling.checkingalgorithm. Al Teg

] de.dlrvirsat.mission.modeling simulation AllTests |

| de.dlrvirsat.calculation.model.compute AllTest:

| de.dlrvirsat.catia.export. AllTests (0,022 <)

| de.dlrvirsat.datastore.processing. AllTests (0

| dedlrvirsat.qudv.controller AllTests

| de.dlrvirsat.qudv.model.util AllTest

] de.dlrvirsat.datastore.model.util AllTests (1,73

] de.dlrvirsat.datastore.controller Al Tests (2 3 di: Coverage Trend
| de.dlrvirsat.global AllTests (0.008 =) | l | u O u S

] de.dlrvirsat.logger AllTests (0,001 5)

] de.dlrvirsat.simulation.mission. AllTests

1 de.dlrvirsat.study.analysis. AllTests (0,174 ™
| de.dlrvirsat.study.template All Tests )
| dedlrvirsat.diagram.AllTests (1.077 s)
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Formal Verification in the Space Domain

Informed

State
: Search
Machine . Algorithm

*Philipp M. Fischer, Daniel Lidtke, Volker Schaus, Andreas Gerndt - A Formal
Method for Early Spacecraft Design Verification — IEEE Aerospace 2013
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Adding Verification to the CE core team

>

System Model
Central Repository

/Systems Engineer

) \ Customer

Team Leader
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What is Virtual Satellite? — CE Software Tool

File Edit Mavigate Search Project Templates Run  Window Help

Quick Access

il R IR Q-4 ] v i v % o v oo v‘ | [%’“_—ﬁ_-,Resource @PhaseA.M\ssion
== Study Mavigator EX] E| ¥ = B8 ﬁM\ssionSchedu\e(Beta) [TEI'-l.sateIIite 23] = O

4 9§ AIAA Space Study? (disconnected) - State Experiment GPS L. . i
N% Unit Management Changes Parameter missionTime by 2.1 ;
Changes Parameter batteryCharge by -2.4 ;
9 Role Management = Changes Parameter experimentDataGPS by 20.2 do not exceed 1200.8
4 ﬁ TET_ Satellite and shift effective Value to Parameter massMemory ;
1+ B 10 Calculations End

[» 182 16 Parameters = State Experiment_Propulsion
b .;ﬁ DataHandling Changes Parameter missionTime by .1 ;

13

©ecmf

GECLIPSE MODELING FRAMEWORK

= _ SUBVERSION

';ﬁ Orbit Changes Parameter batteryCharge by -2.4 ;
4 ror = Changes Parameter experimentDataPropulsion by 28.2 do not exceed 2286.8
» 6 Power and shift effective Value to Parameter massMemory ;

4 l‘é Experiments
5 Calculations

5 Parameters

3 l;i Experiment_Propulsion (gty. 1)
i+ B Experiment_GPS (qty. 1)

End
= State Experiment_Camera
Changes Parameter missionTime by .1 ;
Changes Parameter batteryCharge by -2.4 ;
= Changes Parameter experimentDataCamera by 4868.2 do not exceed 7288.8
and shift effective Value to Parameter massMemory ;

[> l\é Experiment_Camera (gty. 1) End

4 353 Mode Schedule (Beta)
MissienSchedule

End

~ Describe Operational Constraints
Constraint BatteryChargeConstraint for Parameter batteryCharge Between 42.2 And 200.08 ;
Constraint massStorageConstraint for Parameter massMemory Between ©.8 And 512.0 ;

End
4| | -~ Describe Operational Goals
Run As » | B 1 Mission Checking inkData Above 10806.8 ;
rﬁ_‘, Project Ex Debug A , ik
S Run Configurations... [ v
Team 3
ALAA = = & . o
PE . Compare With 3 =l Console 52 =] 5E| =B~y 8
4 1= Missi Replace With o ission Checking
= P .
4 =M Properties AltsEnter |!! MISSION SUCCESS !l

TET-OrbitAndGroudstation.satellite
TET-SimpleConnection.satellite

i+ (= MewSchedule

3

F

|=| TET-1.zatellite - MissionVerification/MissionSchedule ‘

I Nothing to process!

DLR
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Work Process

Mission checking framework

::: Domain specific Algorithm finds state  fa
= language editor space transitions to Evaluation
Verification expert reach mission goals of results
© ~— Search \(y — >
o algorithms ||/ (b@;\ T
System | q—pp| Verification r c® I -
model model - _ / —
Simulation /
N~ ~ models ||

*Volker Schaus, Michael Tiede, Philipp M. Fischer, Andreas Gerndt - A Continuous Verification
Process in Concurrent Engineering — AIAA Space 2013, Sane Diego
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Defining the Verification Model — Running the Search

Describe State Machine Run Search

. Define Goals and
Constraints

Req.: 10 GB of data in one year £ <
</,> *
: “,
& Charge B (DOWH lin k\ Con.: Max. battery capacity 240 Ah % 6/90
. H ‘ 4
‘_, power =80 [W] [—> Power =-20 W] Con.: Min. charge level 40Ah /{) /}/6
Duration = 90 [min] Data = 40 [Mb] %
Duration = 20 [mi
\. / o minl ) Describe Operational Goals J/Zz.
s N Parameter TotalDownlinkData Above 10000.0; ”{3%0
Experl ment Parameter MissionTime Below 365.0; {:‘5
End &y
Power = -30 [W] £
Data = 50 [Mb] Describe Operational Constraints ?9
. Duration = 60 [min] Constraint BatteryChargeConstraint for Parameter
batteryCharge Between 40.0 And 240.0 ;
End
o
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Result — Sequence of Mode Switches

Charge [Ah]

Downlink

Mission Time [Days]
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Result — Sequence of Mode Switches
Experiment

Downlinked Data [GB]

Mission Time [Days]
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Generation of Project Related Artifacts

i DLR
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Collaborative Configuration supported
by Interactive Visualization

Integrated visualization model

Connection to virtual reality environments

Vis. Model

Transmission

Vis. Server Vis. Server
1 1

Vis. Server

— Vis. Model — Vis. Model Vis. Model

— oo —

Workstation A Workstation B Projection Screen

Data Model

i DLR
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Fully automatic export to

CAD Interface: CATIA Export
standard CAD tool

Saves time for configuration
engineer

@ 3D Mission and Configuration (BETA} 53 | mEREg O
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Motivation: Data Model and the References

_ = 1 ParameterRef
= AElement parameters = Parameter < - I
- > Parameter " |
I 0. target"‘ 0.1 source | 0..* I
balancings ' |
_ l 0.7 H Balancing "B Acaleulation| |
5 Syste |<—I— > |

¢

relations lation

l DLR
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4 !}:{ﬂ Diagram_Test_Study (ok)

4 ﬁ Crazy_Mission

» 182 13 Parameters

F 1=

Current State

po—= 8 Calculations
b 5‘.@ AQCS

> B COMMS
4

24 Propulsion 22

* Qutput Parameters
Parameters of this System Component

@

‘T I . 1
i’. MISSII::}N AHALYSIS Mame Current Value  Unit Shared Type escription
m_p 20768 kg t.no " Calculated Value rnass of the required propellant
| IE.EIE 1 F'ElrErTIEtEF aty 16500 m*s™  f.no EkCaIcuIatedValue quired change of velocity to fulfill the mi
V.t 021 m 1] yres P Calculated Value olume of the tank
El:":l -||:||-1l" 314 ﬂﬂ m 3 w C 230000 m*sT f.no =Default‘u"a|ue exhaust speed of the nozzle
m_ 300000 kg 1. no =Defau|t1|."a|ue tal mass of the system (launch mass)
[+ .;.’l STRUCTURE p_M2H4 100800 kgm™ 1,no B8 Default Value Iinsity of hydrazine
p_burst 520000000 Pa 4] yres =DefauItVaIue urst pressure of the tank
4 Lf PROPULSION L
b NS 4 Calculations €= —
[
[- IH ~ Calculations

calculations for this Systemn-Comfgnent

Calculation ‘:I'g,'pe Systemﬁmponent Parameter Current Value  Unit Description
E 4 Math - Assign Av 16500 m*s™ N/A
MissionAnalysis Jaty 165.00 m's™ MfA
[» vt 021 m N/A
m_p 207.68 kg mass of the required propellant
> p_M2H4 1008.00 kgm™ density of hydrazine
.\é m_p 20768 kg N/A
[} m_0 300000 kg total mass of the system (launch mass)
ﬁ Av 165.00 m's™ required change of velocity to fulfill the mi
[ C 230000 m*s™ exhaust speed of the nozzle
> B

DLR
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Interface Diagram

{ MissionAnalysis ] , Propulsion 1 System

—

l req. from extern shared [‘fl

- -
Av m_p Structure ]

-

-
V__t/

p_burst

*Volker Schaus, Juliane Muller, Meenakshi Deshmukh, Andy Braukhane, Andreas Gerndt - Bidirectional
! Graphical Modelling Supporting Concurrent Spacecraft Design — SECESA Conference 2014, Stuttgart Germany
‘ DLR

LR T : ICoa e = i F
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Internal Block Diagram

Propulsion

req. from extern

Av

-

MissionAnalysis:Av

p_N2H4

B
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Integration in the Software

: Fe- *Study Mavigator &2 = O || I= Propulsioninterface.diagram 53
N g oL
a !ﬁ Diagram_Test_Study (unsaved) q?” [é Select
[ !ﬁ Crazy_Mission . -
M Unit Management MissionAnalysis | ropulsion system [_; Marquee
& Role Management ‘ ‘ : req. from ext shared T} = Connections £
4 ﬁ F'I[;]a=r1k_La].rﬂut_.E:{amp|E_Missiun . /,_/;7 = Objects -
[» mz= 1 Calculation [,_El -
FE H : Structure
b 185 1 Parameter fv v =1650m' s} m_p
» B§ Propulsion : ]
[» % Structure ".-‘:_t ﬁ
[ % MissicnAnalysis E/
a9 Mode Schedule (Beta) .
p_burst —
] | i g 3
B *Repository Manager | Bl Console | % Navigator | =] Properties &3 ¥ = O

Parameter: p_burst

| ~
main  Mame: p_burst |~
Value: 525 —
Unit: Pascal [Pa] r
=l Description
«om ] b burst pressure of the tank I~

l Mothing to process !

DLR
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software.DLR.de

VIRTUAL SATELLITE

DLR

Search here

software.DLR.de Vl rtua] Sﬂtﬁl I |tE‘ License

Iatio

* Projects lation and A

» Virtual Satellite Eclipse Public Licée

Programming
Language

Java

k Development Status
it - . P E— Ll

5 - Production/Stable

Operating System
64-bit MS Windows

Research Program

Institute

Simulation and Software
Technology
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Summary Model-based Systems Engineering, Concurrent Engineering

e Space, Aircraft Design, ...

Semantics

e QUDV example
e Early Verification

System Analysis

e Sensitivity
e Decision Support
e Dependency Visualization with Diagrams

Artifact Generation

e Geometric Model

-
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