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Smart Systems Engineering - SmartSE |_T.1p
Building Blocks for cross-company simulation-based engineering

The initiation, development and industrialization of standards in the field of model-based and
cross-company development is an important part of the work of the SmartSE project group.
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What is systems engineering?



Challenge prostep vIP
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Source: INCOSE & Bosch
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Solution: (Model-based) systems engineering lT.tp
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Content of a system architecture model |T'tp
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Application of MBSE: Example from AVL List |Tltp
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Source: AVL List



System model vs. system model |T.t,,

System model:

= Qualitative & descriptive
- o T Qualitative

System Model_

System model:
= Quantitative & executable
= Focus on virtual V&V
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Mission Statement
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Our target
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= Bridge the gap between architecture and simulation
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Connect SysML with domain simulation based on SSP
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Delivers neglecting unnecessary aspects of the
Package

+ Clarifying necessary aspects,

system for the task.

Technical
Domain(s)

aspects relevant for the request

Different Levels of Abstraction

Ssp System Structure

& Parameterization

With SSP-Traceability
As Exchange Package

Main Focus of SmartSE is grey block
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and Concretization
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SysML—SSP toolchain vision
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SysML—SSP demonstrator architecture |T.1p

SSP tool
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Model
SysML tool . SSP tool
e.g. CATIA Magic Transformation Model.CONNECT
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SysML—SSP demonstrator architecture
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Business value

System model (SysML):

= Qualitative & traceable
interdependencies

= System structure & behavior
= Holistic views / all disciplines

& & HA System Model

System under
development

SysML model to
automatically set-up:
= Co-Simulation model
in Model.CONNECT™
» 1D simulation model
in CRUISE M

Simulation
model(s)

H
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for one discipline
= Target development
= Virtual verification

Quantitative
System Model

Reduce effort for simulation model set-up

from approx. 19 week up to ~6 weeks

Source: AVL List
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Next Steps
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Identify relevant information objects for simulation prostep
!Category lDescription lExampIe lExampIe format lAuthoring system !
Administrative data about simulation task |Projekt number, projekt name Excel, email Project management

T \Validation plan Project design validation plan Excel Excel
Simulation task definition Simulate the vehicle driving performance PPT, SSP-Traceability Sharepoint, PLM, SPDM
Requirements \Vehicle energy consumption in WLTP drice cycle ReqlF, SSP-Traceability |Requirements management
System architecture Components, interfaces XMI, JSON MBSE / SysML

MBSE Simulation parameter values Vehicle mass CSV Excel, SPDM

KPls 12 kWh /100 km CsV SPDM
Test case WLTP PPT, ReqlF Requiremements mgmt., test mgmt.
Test specification WLTP velocity profile incl. ambient conditions CSV SPDM, test mgmt.
(Co-)simulation architecture Coupling of component simulation models SSD (Co-)simulation tool
Simulation tool Simulink Simulation tool
Simulation model interfaces FMI

Simulats

|Simulation results (raw) |T|me series of power usage |CSV |Simu|ation tool
Simulation results (post-processed) 12.3 kWh/ 100 km CSV Simulation tool
Post processing routine Script for computing energy consumption from power |py Data analytics platform
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Identify relevant information objects for simulation

—
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Target: Define a systematic, robust, comprehensive list of
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SSD System

© [0 ssaTElment (extension base)

T
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Connect SysML V2 to domain simulation

© @ Atribute

_o 2. sscABaseEkment
&

state / state def

constraint / constraint def
requirement / requirement def
connection / connection def

view / view def
View & Viewpoint

Verifi;:aqti::‘/
- verificati ases

Source: Friedenthal

Signabictionaries
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action / action def - i

Target: Define a systematic, robust,
comprehensive mapping from SysML v2
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Conclusion & takeaways

MBSE is a way to handle system-level complexity in
product development

System architecture model defines system structure
& behavior

Coupling of MBSE and domain simulation supports
engineering processes

Prostep SmartSE leverages standards to ensure
interoperability

Prostep SmartSE works on a robust
recommendation to integrate SysML and SSP

H
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Process View Information View
Product Development Process
s = MBSE
| -
Credible Simulation Process - Technical
Bp» > ) & pomain(s)

SSP tool
| Model.CONNECT
SSP g, #

Traceability
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Thank you for your attention
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