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WHY

Motivations and Goals
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Example: Qlele[-1E Requirements

CompleXity of tool-chain [ Definition

Forcing valve e Stakeholder e Tool approaCh and AnalySiS

HP Nitrogen —{—j
® Model-based ® Tool channel Process
approach System Engineer (  Thrust and specific impulse.
Process ~ @~ propulsion) Techniques: static modelling
® Viewpoint = and calculation, requirement
Model i modelling.
Oxidizer valve Srrrrey A F AR Model transformation
Turbine Component “—~ Gasturbine .1., ------------ -
T e < “:‘.m =
.«... . ..,.M.....W_\:,m.m ------
-
o — &=
®- e
.'_.___
Thrust chamber S W ..
Heat exchanger
Exhaust
nozzle Attention ! The
Source:<<Introduction of Aerospace Technology>>, Yang Bingyuan, Jia process is defined by a

Tool-chain and
model flow 2

Yaoxing, 2009. Page:77

very high level ! ! !



Motivations

Concepts of MBSE tunl—chains}

Systems boundary and functions of MBSE tool-
chains

Motivations

Related techniques of MBSE tmﬂl—chains]

MBSE transitioning
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WHAT

Research Methodology
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SSM and Systems Thinking

End with

Improve MBSE tool-
chain concepts

Recursion

— — — —

- 1 o~
~~ 5. Compare with real world and ~ ~,
\ i evaluation. P
-
Startwith [T ——— -
. Define MBSE tool- ,.r o O 4 Analyze different tool-
/ Surveys for \ chain concept models.
1,'1 aentify interconnections the first . :
required elements. bt cycles’ } 4. Formalize tool-chain
\_evaluation concepts using models.
~ /
P ——
Based on tool-chain elements, define Develop tool-chain models

techniques of related tool-chain.
Based on techniques

and measurements,
define user cases.

—_______‘_Hx

3. Define user case

. Design tool-chain techniques
and measurements

2.1 Define tool= 2.2 Define
chain measurement of

techniques related tecknique

3.1 Define user
cases

www.incose.org/symp2018



Previous work

see _ Paes

Define initial concepts of MBSE An Investigation of Functionalities of Future Tool-chain
tool-chains for Aerospace Industry

Define model concepts used in  An Empirical Evolution of Frameworks to Develop a

MBSE tool-chains Co-simulation Environment for Cyber-physical System
Define a DSM approach to A Domain-specific Modeling Approach Supporting
formalize MBSE tool-chains Tool-chain Analysis (under reviews)

Evaluate MBSE tool-chain A Service-oriented Tool-chain for Model-based System

. Engineering of Aero-engines(under review)
using measurements
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Questionnaire Design

Respondents J

QUEStionnaire The extent of MBSE usage }

Systems engineering application

Related Techniques about MBSE tool-chains } ( Monsling | cetrighes

Techniques related to “Integration”

-

MBSE transitioning }
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Survey Method

Interest group Potential response | Social network
for survey

CCOSE(

i systems engineering Weichat

systems engineering interest group

Four forums about model-based CAD, CAE and
: . . . Open Internet
L Mechanical engineering

Multi-domain modeling 116 Weichat

PLM/PDM 558 QQ

Multi-domain modeling group and CAE, Modelica and co-
3 3 3 . ° 998 QQ
co-simulation interest group simulation

Interest groups of AMESim, :
Matlab/Simulink and Flowmaster CAE and modeling 330 QQ

Forums of systems engineering,
systems engineering methodology,

Forums of Forward design Design method 86 Weichat
Forums of Suzhou Tongyuan Modelica 109 Weichat
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Response

w N umber of daily
responses

Number of daily responses

16
14
12
10

ON A

2%

3% 29

2% J_

3%

5%
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M Beijing

M Jiangsu

B Henan

W Hubei

W Out of China

m Tianjin

= Anhui

Geographical distribution

®m Shanghai

W Liaoning

M Shanxi

B Guangdong
B Sichuan

® Hunan
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Respondents ‘W

>- Know-how Level >-Do you use MBSE in your team?

Expert{More than 5 I have no idea
years) about MBSE

8% 9%

Advance(between 2
and 5 years)
24%

W Yes

m No

Inte
eenl
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Extent of MBSE usaae

Extent of MBSE usage USHEE phESE
12
10 B Pilot project
¥ pre proposal/proposal

8

g0l ® R&D project m start of the project

4 & Tha el e ciia ot » Implementation of the

5 real product project

development ® Equally
(1]
0 0-10%  10-50% 50%-80% More
than 80%
80% - .
TO%% .
i Main focus ] )
m —
0% . .
m 3 e
205
- | O NN
0% ! . : ! : . : - : .
Project plan  Requirement  Verfication Validation System Configuration Process Product Risk Comparion Simulation Testing
development architecture management  monitoring integration = management Research
and and system
managament design
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Related Techniques-SE

Th[‘.‘ usage 'ﬂf SE standards

e m & o w 5 K B B

-%%

Mouse Plantouse Partial use Full use
= Responses who didn't use B Resposes using MBSE

MBSE Cfe
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Views used in systems engineering

b

® Views used in systems
engineering
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® No use
®m Plan to use

“ Partial use Modeling rate
M Integrating modeing with system development

Modeling purpose

un,%

G do,

a'?d m;, do‘"m ery Moy,
Brg nj [v7 lef “fﬂc
w% Dtiop Mg, 01y !:,,
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Related Techniques-Modeling - 7

a5% -

40%

i The usage of modeling thenw

25%

20%

15% -

10% -

o

P |
Camposable Cellular Hl'.'u'nlmu Flow Specification Energy Flow ::munm-.m Mone or | don't know
Automata Formalism Formalism
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Related Techniques-Modeling

80%
J0% ~
60% Usage of Modeling methods
50%
40%
30%
20%

10%
; A,

bing  Str, M g % Sty,. ¢, l-:r; 6:, O, Mo, o O
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Related Techniques-Modeling

The usage of simulation method
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Related Techniques-Modeling

I I The use of Modeling language
-3? G
o

70%

60% -
S0%
40%
30%

20%

10% -

. %

. 4
e,
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Related Techniques-Integration

45% -
40% -
350

I The solutions for ihtegrated“si'md-fétibn gigtfn_rm

30% -
25%
20% -
15% -
10%

5%
0% -

Proprietoryco-  Commercial tnnls
simulation platform for co-simulation

Modelica

Intn;r:tutl Co-simulation

simulation basde on solutions based on solutions based on

commercial tools HLA
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Related Techniques-Integration

a The rate of tool-integration b non funct aI properties for tool-ingration
&7 %
5294
- 39% 39%
279 30%
1 | B I &
_ _n
> f A
® Partial int ‘df o -pbd? gﬁf
S
= Full integration o
¢ Method for tool-integration 2 d Tool integration Type
Linked d
20, 2% HLn ata =
® Proprietory exchange 60%
Rule 0%
® Data exchange based on
standards i
B Too-integration based 30%
oon meta-model 20%
® Based on commerical 10%
tools
® I don't know 0%
Data Control Platform Prum'miun
B othars integration integration integration intqutiun integration
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Related Techniques-Integration

* Interoperability

The capability of two or more components in tool-chains, e.q. tools, models can be exchanged and the
capability to use the exchanged information in a heterogeneous network;

« Traceability

The capability can establish a relationship between technical recourses, system information, system
development processes and social networks.

 Dependency

The capability can process the dependent relationships of technical recourses, system information,
system development processes and social networks.

* Integrated capability

The capability can integrate existing tools, model and data.

 Reusability

The capability can reuse technical resources (e.q., models, data, tools) by other module or works.

* Design efficiency

The degree to which the system developers implement their design jobs by developed tool-chains.

« Scalability

The capability that tool-chain can handle a growing amount of engineering work or its potentials to be

enlarged to accommodate that grow. WWw.incose.org/symp2018 24



MBSE transitioning

The usage of system thinking

B No use

M Plan touse

W Partial use

M Full use
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MBSE transmonlng

a-Fundings used for MBSE

B percent of responses

b-Drganizatiuns for MBSE
® 0-100,000 rmb /year transitioning

25%

m 1,000,000-10,000,000 **
rmb /year o
® above 10,000,000rmb .. I
fyear
5%
m No funding .
(o t T

There is a central There is a specific Thereis a specificrole There is a specificrole Mo specific role or

departmant in the group inthe in the departement in the departamaent as department
company level departemant part-time
50% 70%
a45%
a40%
35% B Mo training
30%
25% ® Productivity ® One day workshop
20% ¥ Problem Solving
15% - ¥ Creativity m 2-5 day workshop
s m Enjoyment
5% - = More than one week
0o - - professonal training
& @é c-Personal learning E:::E:f “:';ﬂ‘ sfm;::' ::.13:1 i’;:,::} others d-Training
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MBSE transitioning

Pecent of response
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HOW WELL

Learns and Future Works
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L earns

Current MBSE industrial applications in China are implemented on

Application domains I specific application areas, particularly aircraft, aerospace,
vehicle, defense industries and tool suppliers.

We can infer that MBSE can be implemented through the whole

L|fecyC|e life cycle based on most of the respondents’ understandings.

Current Chinese industries adopt integrated simulation and tool
integration to construct MBSE tool-chains.

Tool-integration

Modeﬁng MBSE techniques are not only “SysML” and “UML”".

. Most of the respondents think lack of understanding the value of
Hinders MBSE and lack of related skills and ability are two main
challenges to block MBSE transitioning processes.
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Future work

2000 papers analysis using a developed
knowledgement tool

/

An open source MBSE wiki to support terminology
definitions

Capability model of MBSE

A domain specific modeling approach to formalize
MBSE transitioning based on evolution theory
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