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Contributions H i

Support MBSE tool-chains development

Promote the performance of MBSE tool-
chains

First, the purpose of framework addresses
the functionalities from a systems
engineering perspective before developing a
MBSE tool-chains.

Secondly, the extended version of framework
support to develop MBSE tool-chain promising
to support CPS modeling and simulation with
better interoperability and integrated capability,
- a capability to integrate existing engineering
tools and system development platform.
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Of 44 Responders use MBSE. 9% Tool supplie

26% Others
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Solutions for integrated simulation
platform(Multi)
2.78%

OProprietory co-simulation
platform

B Commercial tools for co-
simulation

OModelica

Integrated simulation
basde on commercial tools

B Co-simulation solutions
based on HLA

B Co-simulation solutions
based on FMI

B Others
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BSE tool-chains V0. H’

MBSE tool-chain: more than one modeling tool that, when combined, can support and
construct a system engineering workflow, which has the following features:

The workflow can support system requirements, design, analysis, verification and validation
activities through the whole life cycle of product development.

The workflow supports the stakeholders” view of system functionalities and other extra-
functional aspects, like project management, dependability, model management and so on.

The workflow includes data, knowledge, and information exchange and model
transformation.

The ontology of this workflow can support system engineering.
The workflow could integrate existing engineering tools and system development platform.

The workflow could support heterogeneous model integration.
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SPIT Framework Supporting MBSE Tool-chain Development

In social layer, it concentrates on social factors about MBSE
tool-chain’s human machine interface and the network of its
users: Policies, Standards& Specification, Culture, human machine
interface...

In process layer, it concentrates on target product
development process: Design Process Management and

e Control...
N o
W 8%
E 23%
g §%‘;’- 2 In information layer, it concentrates on functionality about
S v
s %

target product systems and information integration from IT

aspects:

* Requirement, architecture, verification and validation...

» Tool integration, data flow, service representation, service
orchestration...

Technical layer, it concentrates on functionality about technical
resources in MBSE tool-chains: model, data, tool, configuration ...
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A System Engineering Approach Supporting MBSE Tool-chain Development
Tool-chain’s architecture

Social viewpoint: model-based analysis is
a requirement from social layer

P

Process viewpoint: In the integrated
phase, if this technique could be used

If this tool is allowed by rules

Technique:Modelica
could be used

Technical viewpoint: using Modelica to
deal with system integrated simulation

Environment rules:
policy for security

Information viewpoint: If Modelica
could verify system performamce
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Social factor: Viewpoint example in each phase

Model-based
approach

Gocess Requirements Definition  Architectural Design Implementation Process and Integration and Verification
and Analysis Process Integration Process Process

7/

Stakeholders
. B LYo oYl LYol [ E=1T3] Lightweight software, fast calculation, reliability. Techniques: Readiness level for software.
Forcing valve developers Concurrent and collaborative design of system architecture, engine, PFS, traceability, database and relative
HP Nitrogen technical viewpoints. Techniques: Data and model sharing and management, version management, traceability
management, integrated simulation, multi-domain and multi physics simulation.
Interface and contracts design between system model and mechanical model. Techniques: General Interface
standards, like FMI.

SRR BBl ] Thrust and specific Interface and contract of Function and performance Matching degree of engine

S INEEC )] impulse. Techniques: propulsion and POGO of propulsion. Techniques: and PFS. Techniques:
sion) static modelling and analysis. Techniques: static static modelling and Integrated simulation,
calculation, requirement modelling and calculation, calculation, system system modelling.
modelling. system modelling, and multi modelling, multi-domain
physics simulation. simulation.
SR A - B -] Not exist. Sequential control algorithm Function design of Verification and validation of
engineer analysis. Techniques: sequential control algorithm. sequence control software.
. Embedded system modeling Techniques: State Machine Techniques: HIL simulation.
Oxidizer valve and analysis. modeling and code
Turbine Component i generation.
Hardwar ehEEXEa Controller hardware Design of controller Verification and validation of
engineer interface design. hardware. Techniques: sequence control hardware.

Techniques: Embedded Embedded system Techniques: HIL simulation.
system modeling and modelling and analysis and
analysis. static modelling and
calculation.

(of o131 (o] IR e [Ty -1 Control interval of engine Sequence of propulsion Integration of software and Integrated verification and
operation. Techniques: system and controller hardware of sequential validation of sequence
Requirement modelling.  interface. Techniques: State controller. Techniques: State control system. Techniques:

Machine modelling and Machine modelling and HIL simulation.

system modelling for control system modelling for control

system. system and code
generation.
Thrust chamber XSO EEN B EE:-R] Rough estimation of Load calculation and feature Strength calculation, mass Verification and validation of
—_— engineer mass (Fuel, engineer, of mass calculation. feature calculation and mass feature. Techniques:
Heat exchanger conduit head) . Techniques: static modeling digital assembling Requirement modeling,
Techniques: static and calculation. verification. Techniques: system modeling and static
modeling and calculation static modeling and modeling and calculation.
Exhaust and Requirement calculation and 3D
et modelling. assembling.
CRACHE-NIMEEA No exist. Techniques: Parameter interval of engine Function of PF S. Verification and validation of
engineer Requirement modelling. ~ with hydraulic system. Techniques: multi-domain PFS. Techniques: system
Source:<<Introduction of Aerospace Technology>>, Yang Bingyuan, Jia Techniques: multi-domain modeling modeling and multi-domain
Yaoxing, 2009. Page:77 modeling modelling.

MG NOG ELGECEIM R & D cycle and cost Integrity of each subsystem Integrity of each subsystem, Project schedule of system
estimation. Techniques: design strategy. Techniques: interface coordination and verification validation,



Domain specific model representing Tool-chains’ structure
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2. Extend SPIT Supporting MBS
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