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About Spacecraft Electrical power system(EPSY-#’

« Electrical power systems (EPS) is used to generate, store, supply, control and distribute

electrical powers for spacecraft.

Electrical
Power System

Power
Energy Power .

Power Source SR Regulation &
- Distribution Control
Solar Photovoltaic  Batteries Bus control Energy Storage
Battery Flywheels Bus protect Control:
Fuel Cell Switch control Shunt regulator
Nuclear Main error amplifier

EPS has systemic and global characteristics in spacecraft. Studying design method and

tool of EPS is of great significance for improving the design capability of spacecraft system.
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Scope ey

In this paper, the system architecture refers to the physical system structures of EPS, but
our tool can formalize other views, such as requirement and function.
We adopted our tool to support system architecture modeling using current DSML, but

based on the proposed meta-meta models, other languages can also be supported.



Challenge

- Design domain

Preliminary
Design
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Schematic PCB :

Design Design
Vv schematic v 2d layout and
modeling wiring

Vv 3d assemble

VvV schematic V SI PI simulation

- V Desin review Vv Semi-physical test ; : simulation v thermal analysis
v Experiment v Physical prototype test Vv digital Vv assemble simulation
- vadlication Rl ) . :
: . . ' i checking v EMC simulation
Preliminary Detail (Technical R ———— ) . Schematic PCB
P - g echnical Requirements) :
Validation Validation 9 Validateion

V&V domain

(gslsjeln_ De_sign Report)
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Challenge

Compared with element-level designs, system-level design lacks effective methods

and tools to overcome several challenges:

Promote efficiency of document-based design

Integrate verification of proposed systems

Enable consistency and coordination of the loop from design to verification
Improve communications between the stakeholders in system and the element

levels.



Objective

The goal in this paper is to adopt Model-based Systems Engineering to formalize, design and
analyze EPS architectures and enhance management of the relevant technical resources, e.g.,

models and data.
« Objective 1-support for designing EPS architectures in a systematic and structural way

« Objective 2-support for communicating the related information of EPS architectures in a

concise and graphical way

« Objective 3-support for implementing V&V of related architecture concepts automatically
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Architectual Modeling

DARPA : In AVM META program, researchers
developed the META language, called CyPhy as a

model integration language. Cyphy included a

sublanguage named ADML (Architecture Design

Modeling Language) representing hierarchical

component architectures and typed interfaces.

Architecture Design

Integrated Multi-physics/Cyber Design

Detailed Design

Modeling |Exploration

Modeling

Simulation

V&V

Modeling

Analysis

T

Rapid exploration

t

Exploration with

integrated optim

Deep
analysis

CyPhy CyPhy
—ADML,ADSML| -ADSML
—~CLNG -~ CLNG

S‘SML'

CyPhy
—ADML, ADSML
-BG, SLISF’
=CLNG, MFOTL

ESMoL

CyPhy
-TB
-FMI
-C2WT

Fully integrated/interface:

odelica,SLISF
AD
NFLNG

FMI, Modeica
SL/SF, TruTime|
NS-2

d_“external” langy
SL/SF

PCC, QRE
HySAL, PCTL

CyPhy
ESMolL

ages
Modica,SL/SF
CAD

GME
DESERT
AO

Integrated Domain-independent Tools
GME GME GME
c2wT
“External” Tools
Z PCC/QR/ 3 :
Modelica Modelica RAISIFT Modeliga TrueTime
Integrated Domain-specific Tools
“External” Tools S = T
ProlE Thermal Desktop o ermal Deskto
AutoCAD |Pro/Mechanica AutoCAD ro/Mechanica
SEER ICCA

Source:META-X DESIGN FLOW TOOLS Final Report

m JPL : The main work included the extension. of

v \]I.. "' vd

SysML with domain concepts to design DML, a

DSM language formalizing and designing

specifications and architectures of the electrical

flight system.

!i“*z-'m : LI
[swemtemz] Jd

Subsystem Interface Level

WIS f

Library Elements

TNsAS

Ircult

e —————————

Physical Pin Level
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Source:Specification and Design of Electrical Flight System Architectures
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Integrating Descriptive Model with Analytical model.; =

B Integrated DML implementations with V&V

using Modelica that a model transformer was
developed between a Modelica tool, MapleSim
and a SysML modeling tool, MagicDraw (Schamai
et al. 2012).

< Integration ' —
B e e » ‘%l'
MapleSim / MagicDraw /
Modelica Compiler SysML

. —_—
~_I I ] “[
¥ I

o

B OMG™ extended SysML and allowed for using

Modelica language concepts directly in SysML by
SysML4Modelica profile.

Tool - Specific

Tool - Independent

moo’eLi'ca | Model Transformation

Modelica Model  (SysML4Modelica)

OpenModelica
Meta-Model

=

L

" SysML Model

instance of instance of |

OMG UML
Meta-Model

Source:Integrating Analytical Models with Descriptive System Models:
Implementation of the OMG SyML Standard for the Tool-specific Case of

MapleSim and MagicDraw

e

eprofiles

SysML4Modelica

T ™
|
| «apply»

pkg [Model] SysML-Modelica Transformation Approach] Application l,

o]

wmodels

SysML4Modelica
Analytical Model

SysML-Modelica

Transformation Record

R |
smetamodel»
— Modelica
wtransformations n N
SysML4Modelica - - [
Transformation | aconformsTos
JT\ 1
[ [ :
| . amodels
i Modelica
Simulation Model
' T
._._._l | |
amodels |

Source:SysML-Modelica Transformation Version 1.0



MBSE-driven visualization

MBSE-driven visualization is provided to transform related system models and related data to a

virtualized way for different stakeholders (Jackson & Wilkerson 2016).

I Fobien and Gusdeg Practes T ; R
/ @ Fnancal
——
Proget Implement ator ———._.___\"" o —
— .
P retscoen B2 —_— \\ SN \ . Softwars Archioctues
| H"“*-.\_ \ = ~ E Bata Trarspirt thq
o< = ~ _‘----"_‘—-—-_
s | mm\&a ﬁ \‘ ~ = —
Parneibios \ N B Gt System P— .mmmsm—n
Sonstrmnt Proxy Concept) —"__‘I -*-"‘ Science Dats Set Distnbubon -« W hlission Assurwnce \__ = e —
1 —— - — o

] ] e e i \ o mm‘w*’§\ ~ra
4 Business @ g = I ME""“ e = M Fauk Management
4 Biclogidel Cieantress bk ; ~z - 2 -
| \ ol Tochrical Margvn r \l.&..m oSy "
! ! Envirediment Cormpansiny 10
Time

@ Fisi Maragerert & amm m-_ ME % 1mupe-mm J J s i e
I 1y Capion Acprsach - e ,;,,, “""""“"‘“““h‘

| J v jociony - - R
‘nmwm mmm#m _mm.w.’ : thmumm Newt Sustace (REASON) S Doy
b nsgng O v 2] OMVI‘ ) O Plaara insvunian fof Magnetic Scunding (PIE)  Cteliueten-£00 W Torpenstae
- . — — -4 = = 4 | = - /|
amgupn-ug ‘!" - .!I-rmn& Parta . y " a— S ~ - ]
Tujectoy Mpprost Qe i = T p il e —
Mpum:ammut - —‘M A 1 - ol 5 = ’l‘ ——— .-__g""’ws"“"‘
Semndng oy 0 e _-7 " Faull Tolérance - . 1 8&'&-’“\'\" P, - — &
4@ Puoject Prases. 00 Short Wavslengih infrared Spactromater 1 PR Ty g p—
metlc-n-:m::mmm’ - --‘-' o wwwmmwmmm J B Lt vehicle Trijee y 4 Ground Dala System 3
s : o Oynamics
mavm:tn-v aamy-. F— i P e — 0 s of Europs using EMAG) >
“Geﬂ.l_m Oﬂ-pm-yba-;-}, Wﬂ—*" = Voiumetric Consider
me‘nrméamu _ r ~@ Pointing Cen
inkaiwd Specirascopy L2 AT R AU Morfiting ant Exbglbi. @ Soace Allket Protoctcal f == v Bl Corrst Coordination
Ocn-wqowomm 4 'r’m fects y
Mensuvoments 9 | 4 Ovganizhion Contict of Intarast g - .':_",.— * O Mass F < @ suppon Equpmensle Mapping Fiagng Spectiomater 1iF EUIDRS [MISE) @ Matian
& Extemal mﬂ:‘mcm.ﬂc e - e, A - Mars Speciromater lor Planstary Exploration Enargy @ & Moduies
o= -
B ProjeclimsB M PGS o proves o o 4 Euscpia Thermal Emission imagng System (THEMIS) & Fiignt System Pokiing
@ Project Schedule snd Schedie Ressnes -
:Edumnwm i [ra——
P @ Launch Sorvices
O Magrmtometes 4 GDS indagration and Test Flow

Source:MBSE-driven visualization of requirements allocation and traceability

www.incose.org/symp2018 12



S U M MARY p L L

First of all, SysML was used to define the reference architecture models and then a model
transformer is used to generate Modelica and Simulink models from SysML architecture models
automatically. These models are used to verify the system performance of architecture models
automatically without manual modeling processes. These authors put forward a framework for
integrating system architecture models of SysML or DSMLs with the corresponding simulation
models. Usually, a developed model transformation is used to support automated generations

of simulation models to promote consistency of the whole design process.
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3. Model-based Architecture Design
and Automated Verification
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M3: Meta-meta-model
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Developers make use of DSM to support architecture design and Modelica
language to support system V&V in our tool. In order to support definitions and
implementations of DSM and Modelica models, five modeling levels are used to
construct model concepts in our tool.

e M3 (Referring to Meta-meta-model and Modelica specification

e M2 (Referring Meta-models and Modelica library M1.5 meta-models
e MI (Referring to DSM and Modelica models ) templates for each
e MO (Referring to modeling purposes - views of languages
stakeholders)

www.incose.org/symp2018 16




3.1.2 MBSE Workflow during Architecture Design

Requirements

System Layer System Level
Architecture Simulation Model \

Decomposition
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={7] DistributionSystem
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Architecture Simulation Model MODELICA ¢ fror

i [] supplySystem
® ] Battery
#{] Busbarfiters
@ [ chargeAndDischargefegulater|
-] mEA
w7 ShuntRegulator
@ [ SolarCell
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Decomposition

DSM Library
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Circuit Layer Circuit Level Simulation results
Architecture Simulation Model attached to the
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Smooth
zooming
visualization

Hierarchical
System Architecture
Model
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3.2.1 Hierarchical Architecture Design
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3.2.2 Domain-specific definitions of meta models ™%

DSM Symbol
Library

System Power Port Power Environment
Connection Connection
Level 0 EPS
i | —>
Device Electrical Port Electrical
Level 1 PCDU Connection

Component Circuit Symbol  Electrical Connector
Leve 2 I
Circuit Component
Pin o — Wire
L F - - -
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3.4 Architecture-driven Method for Automated V&V %

e T T In System Level 0, high-level systems of spacecraft are
o S iy, R built. There are three types of model in this level: power
ﬁ PoU Tt tih supply system model, distribution system model and load
e s system model. The parameters of these models include
%:Tl il JTH | _} voltage, current, power, etc.
i i RJ In System Level 1, according to the functional
4 oon requirements, the device compositions, control algorithm
Lo of the devices, and specify the power flow and key

L I Relays

property of the devices are built. For example, Modelica
model library in the device level includes models of solar
array, battery, etc.

¥ Resistiveload

K Inductiveload

™ CapacitiveLoad

Bl Comprehensiveload
== Cable

In System Level 2, internal components of the device are
C dor built, e.g., battery cells.

Modelica Model Library based on EPS In System Level 3, internal circuits are built.
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3.4 Architecture-driven Method for Automated V&V "

STEP1:Generating blocks of Modelica models STEP2: Generating Modelica models in

in System Level 1 System Level 0

* Block definition: Modelica blocks related External connections of EPS definition: Define the
to devices are generated with the same external interfaces of EPS.
meta-model name Device definition: Define devices in EPS.

« Parameter definition: Based on properties Environment definition: Define environment blocks

in the DSM models, parameters in based on Modelica model library.
Modelica models are declared « Connector equation definition: Define connector
* Interface definition: Based on equations of connections between devices.

connections in the DSM models, interfaces
of Modelica models can be generated

- Equation definition: Based on Modelica RS C—
specification, equations of related domain o i o T - 53 BGRAT:
specific concepts indicated by meta-models ...

and equations of connectors are generated. i e s

end Loadl;
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4. Case study and Evaluation
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The returning spacecraft composes of service and return modules. The service module includes two
busses(+Y and -Y) for two polar arrays. Each bus is connected to a solar array, hydrogen-nickel battery and
the related power supply controller on one side of the returning spacecraft. By the main distributor, thetwo

buses are integrated and connected with the loads in order to supply electric powers.

www.incose.org/symp2018 24
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DSM Models and related Modelica models mapping to  ‘r4s.s
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Learns

Current MBSE tool supports development of architecture models of EPS and visualizations of
architectural information. Based on the provided meta-meta models, several meta-models are
developed for building the architecture models.

Compared with existing languages like SysML and UML, such meta-models are more simplified
and less time-consumption when engineers start their MBSE industry practices.

Different stakeholders can make use of the MBSE tool to browse the architectures of EPS which
can help stakeholders to understand each other’s views and promote the communications between

the whole team.
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Limitations

There are several limitations about the MBSE tool:

(1) The links between requirements and architecture models will be done in the future.

(2) The model transformer in current tool is limited. In the future, a code generator editor will be
developed in order to transform architecture models to other DSM models, data and code.

(3) In the future, our MBSE tool can support to develop meta-models based on existing languages

such as SysML and AADL.
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5. Conclusion
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In this paper, an MBSE tool has been proposed to support architecture design, MBSE-driven

visualization and automated V&V using Modelica language for EPS.

A DSM technique is adopted by the tool to design related architecture models.

* Moreover, the MBSE-driven visualization in our tool can represent system architecture in multiple
ViEWS.

* Furthermore, a model transformer 1s developed to support architecture-driven V&V which can
generate related Modelica models from architecture models automatically.

* Finally, through a real case of EPS in spacecraft, our tool indeed promote the effectiveness of

system developers when they design architectures.

www.incose.org/symp2018 30



N 28th Annual INCOSE
international symposium
!'&. Wtg,>  Washington, DC, USA
July 7-12, 2018
\ .W/

www.incose.org/symp2013




