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Rationale — Product Development — Modern Product@

Modern products are increasingly becoming complex, typically smart connected systems or
systems of systems (SoS). To develop modern products competitively, there is need to address
complexities resulting from:

....dealing with:
S8 8 Example of modern product: Multi-

Multiple sub-systems * Subsystems interactions domain, multi-subsystems, etc. SoS
Multiple engineering domains ¢ System integration '
Multiple variants and system

architectures

Growth of software /

electronic systems

Exploding requirements

I Controls
M Electrical

« Fast growing number of V & B Hydraulics
V I Mechanical
 Multiple disparate tools in . Thermal
each .domain. VBSE
e Multiple design groups and Lightning
multiple sites Round

Siemens PLM publication
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Current practice in Academia — Engineering programs: Capstone&

Design Limitations 3 LIS

Capstone Design

Limitations

Simple product
Single Domain
Limited scope:

Fin Heat

“‘Development” (not
P ” Transfer
LIfeCyC|e ) Apparatus Arm-A-Door F)utside
Limited Digitalization o ntry: Hixterior Handle
ssembly
Validation: Mostly
through Physical Example of typical capstone design products: /wmese
prototyping Mostly Mechanical Ly
www.incose.org/iw2021/ 4




Current practice in Industry — Document-based Systems F\

Engineering Limitations 3 P
Definition: MBSE is a model-centric (v.s. The successful implementation of Model based Systems
document-based) approach providing a single Engineering (MBSE) leads to lower cost, better quality
point of truth which is reflected in a set of living and lower risk. These are the results of the following:

artefacts [INCOSEUK].

The system model allows early detection of errors and

Documents Models inconsistencies enabled by the ability perform analysis

The system model uses modern modeling languages with
clearer semantics that lower miscommunication

Reusable

N

: »  Specification ’ = . i . .
s AT : - The system model provides a single source of information
. esign | . .
g - = ensures consistency between different skateholders

‘_'_ + Analysis }
: # . Verification —= P The system model can be used to automatically generate

| — o up to date deliverables (e.g. documents)
I + \Validation
= 7- = . J Generated
- document
Hard-copies

Drawings

R

The system model supports multiple views to address
different skateholders’ needs using a single source of

Document-based process Model-based epmm information

Error prone Workflow enforced The system model helps better manage complexity

- Missing elements Design element based The system mode enables early debugging and | MBSE

- Poor element traceability Source driven through design elements refinement of requirements, including behavioral de€tning
Vulnerable to company silos Fully integrated through simulation of state machines Round
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1IMBSE: 3D extension of Capstone Design — iIMBSE charactenstm&

& modern products

Pure mechanical parts

3D extended CD driven by

[ﬂ-ﬂ

& @ |

electric Skateboard
complete System

IMBSE

Complex product (system or

SoS)
Mechatuonic parts

r —
¢ (n =
\, . /

Multi Domain ¢
Extended scope: “Lifecycle” { Ppr e

(not just “Development”)

l-/
\{’ /:,,/-

Board (masspoint)

Axis and Tire

MC and DC-Motor

Battery

Full Digitalization Example of a complex product: Multi-

Validation: SIL, HIL, MIL, domain system MBSE

and Virtual prototyping Ly
www.incose.org/iw2021/ 6




1IMBSE: 3D extension of Capstone Design — 3D extension of CD @.\:’,
'y 7

1IMBSSE as a 3D
extension of Standard

Xle .
\ / Capstone Design

Capstone
Design

[ |
\
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Curriculum for Industry 4.0: Engineering Education 4.0 — 3
Level curriculum

Three levels of typical Engineering curriculum (e.g. ME)

www.incose.org/iw2021/




Curriculum for Industry 4.0: Engineering Education 4.0 —
Revised curriculum (Eng. Education 4.0)

New curriculum:

\ 4

Integrated Model-based systems Engineering, iMBSE, or “SE”
Capstone design

Revisions

(allows: implementation in complex product development
applications)

s

Also, adding (Industry
4.0) Enabling
technologies: AM, (provides: Approach/methodology)
AR/MR/VR, 10T,
Simulation, Big data and
Advanced Analytics,

Cloud computing, o )
Cybersecurity, Digital tools in core

Autonomous systems, etc. courses
(provide: theoretical
foundation and —
relevant

specialization)

Systems Engineering courses

Revised curriculum (Engineering Education

www.incose.org/iw2021/
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Curriculum for Industry 4.0: Engineering Education 4@
— 3 Level curriculum ey

1IMBSE curriculum

m [t is a unique curriculum that demonstrates the digitalization of the SE (Systems Engineering)
process through the integration of modelling and simulation continuum (n the form of MBSE) with
Product lifecycle management (PLM).

m /MBSE is a form of MBE (Model-based Engineering) that drives the product lifecycle from the systems
requirements and traces back performance to stakeholders’ needs through a RFLP traceability
process. At the core of this coursework 1s a shift of focus from theory to implementation and practice,
through an applied synthesis of engineering fundamentals and systems engineering, that is driven by
a state-of-the-art digital innovation platform for product (or system) development. The curriculum

provides training to the next generation of engineers for Industry 4.0.

MBSE
Lightning
Round
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Curriculum for Industry 4.0: Engineering Education 4.0 —
Curriculum of Engineering Education 4.0

SE Capstone course :
Process :
(methodology) SE process Design process
Pmdl.mt : Multi-domain system Mechanical product
(application)

Integrated digital platform (to
enable both digital twin and
digital thread) that spans the
lifecycle

Digitalization Limited digital capabilities

Capstone: Traditional ¥s;dMBSE driven

MBSE
Lightning
Round
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4.0 — Proposed Siemens iMBSE framework

PRODUCT DEFINITION

Features
Functional
Requirements

Non-
Functional
Requirements

Functional
Modeling

Multi Domain
Architecture

API

CONNECTED ENGINEERING PRODUCT VALIDATION
Mechanical Domain Specific Multi Domain
V&V Simulation
System
Verification Dlg'ltal
and Validation .
Twin
IMAGE
IMA_GE Customer specific
General industry Product
Hardware et
Quality Engineering (Safety, Reliability, Security)
Continuous Verification and Validation ..
e ——————— Digital
Integrated Program Planning and Execution
Thread

Product Lifecycle Management

www.incose.org/iw2021/



1IMBSE: Framework & Digital Innovation Platform for Industr}C}
4.0 — Digital Innovation platform for Industry 4.0 -

Implementing MBSE in PLM Context

Siemens PLM Software

MagicDraw | fLSamars i S l E M E N S
(SysmL) “ . A Mdth‘W{JI‘kS Simulation

continuum

Digital Twin |4

Digital Thread

Managed in PLM Context — Multi-domain Traceability, Change, Configuration

Digital Innovation platform for Industry 4.0: Integrating
Digital twin with Digital thread

www.incose.org/iw2021/

MBSE
Lightning
Round
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1IMBSE Curriculum ﬁ\

Main characteristics-

Digital twin: Multi-domain architecture integrated with domain specific simulation models

Digital Thread- PLM providing integrated platform for multi-domain product architecture,
requirements, etc., supporting communication throughout product development

Traceability: Linking requirements to design artifacts

MBSE course MBSE tools MBSE solution
Model-based Systems Cameo / MagicDraw tool
Engineering (MBSE) using
SysML
IS (Ctrl) -
Model-based Systems Driven Ecosystem of software tools T
Product Development (SDPD or | (Siemens digital innovation platform -~y
iMBSE) for iMBSE, including Capella tool) STolE) el
TN MBSE
: Lightning
MBSE curriculum: Two courses offered as part of SE program Round
www.incose.org/iw2021/ 14




iMBSE Curriculum (cont’)

The iMBSE curriculum consists of three key elements:
1) Modelling and simulation continuum;

2) Traceability;

3) Digital thread.

The digital thread is implemented using PLM as the backbone to support the integration of the different models used
throughout the development cycle.
Digital twin: A “live”, evolving digital replica
of the historical and current behavior of a-""

_...———-.~~
-~
~

N\ - - Quality product
physical object of process that hepe optlmlze System ‘D.I\glta|
SNIOUS VR business WBSE A
B ot S

*44’0\

S %) Implementation in
£ A0\
< e PRODUCT %7 SDPD curriculum

DEFINITION VALIDATION

QUALITY

1

1

1

1

1

ENGINEERING 1

I
/ “
4 \
A
" | I
4] I
1 1
1 ]
(' I
1 [}

J

Digital Thread o M

‘ Digital thread: Connects data Round
flows across lifecycle

— - ot
i >

,/

iIMBSE process flow ~
WWW.INCOS8 org1rvv2®2”l7 15




Case study: Electric Skateboard — iMBSE implementation  ‘tfs.5
workflow

Product and Process
Data Management:

MBSE
Lightning
Round

Electric Skateboard — iMBSE implementation workflow

www.incose.org/iw2021/ 16




Pure mechanical parts

electric Skateboard [

complete System &

Mechahlonic parts

Board (masspoint)

Axis and Tire

MC and DC-Motor

Battery

€<

Electric Skateboard as a multi-domain system

SE
Ligntning
Round
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Practice — Case studies — Electric Skateboard/Longboard

e
O Tl
A
L

f

Product and
Process Data
Management:

>
Teamcenter

clinical Path

Speizs eralons ~ Changes T s
) R i =) W
ki Mainlenance  Upgrades | Repi20eme

Concept

Conceptof System Validation Plan _ SystemLevel
Operations " Validation

System Verification Plan ey Deployment

System . system Acceptance) Product

i * > System Level
L Verification
High-Level Subsystem System

Design Verification Plan _Integration

Requirements 3 Verification
Unit/ Device | Subsystem

Delalled  Test Plan | Integration
Desgn =% i Testing
Implementation Decision
— it
Life Cycle Time Line

e
e Al

MBSE
Lightning
Round
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Practice —Case Studies — Electric Longboard: Project Workflow?
(Project Definition and Planning)

Teamcenter Workflow

« Creating groups/teams
and assigning roles for ‘ 152 organzation
each team member o

& Manager
#-& Manufacturing

W85 Proj eCt Admlmstration
o5 §
._' 3 Manager

Creating workflow process @ nstructor } Diffe

nt roles (all for
students except
“Instructor” and “TA”)

. @ &8 Production Engin

template describing individual 5 1 RAD Engineer

@ Hi Systems Engineer

tasks and the task sequence s

required to model the 4 £ it
=2} t Validation Administration
workflow process - doa

- system

@~ @~ Workflow Designer (infodba (infodba) - dba/ DBA - [ IMC--2003089035 ][ 0001-body_types 11111 [ D €}

Process Template SiluResis ||| Template Type @) Process (O Task

| ‘System Design
i 1D System Simulation
|13k 30 Design

Product Simulation
* Product Optimization

[ cess Design
-5 cess Simulation 1 2 3
£ = Plant Simulatiol
+-*2 Final Report

+ E Acknowledge
W Approve

MBSE
Lightning
Round
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Practice — Case studies — Electric Longboard: Project Workflow (Project
definition and Planning)

Each task defines a set of
actions, rules, and
resources used to
accomplish that task

Workflow steps

_: |’!l||rk'|'||||"ia ['Ir_-rlgr'll:l' H

Process Template |S8ZEeIVTe=

'::DPD Course

"'i‘-
oy
e
ey
e
.
=
e
-

o

e
=
e
e

-\.'\l_

Teamcenter Workflow 3 L,

I Workflow Designer X

Process Template [Sez{ofe{N-

~| Template Type ® Process () Task

:;?MGU?E- =

"‘\"‘\"‘\"\'—‘g—‘"‘\"\"‘»

.\----(ﬂﬁeﬁﬂ%a stambx
[ @ Incorrect/Incomplete requi

~
:
:
- 2 Create/Modify
[ 2 Create/Modify2
E
:
:

Build MBSE model
[ mer Rewview Task 1

=I-2 1D Systern Simulation

[ ---‘-(: 1D model using Amesim
ot Review Task 2

- 2 Create/Modify

%% 3D Design

%% Product Simulation

2 Product Optimization

% Process Design

% Process Simulation

5% Plant Simulation

% Final Report

-] Acknowledge
H- Approve

Sub-processes of workflow step# 1

-2}t Create systems requirement ta —
H-32 Bui
- : . =
=N —= [k
.3 Z 5 Start Meet with stakehobders

Systemn Design

1D System Simulation
3D Design

Product Simulation
Product Optimization
Process Design
Process Simulation
Plant Simulation
Final Report

E Acknowledge
@ Approve

- Workflow Designer %

Process Template |SulavEe{1{

— — B = > = RS
Crezte/Modity Create systems requirement table Create/Modify2| | Buid MBSE modsl
1 ] |

@ ~ @~ Workflow Designer (infodba (infodba) - dba / DBA - [ IMC--2003089035 ] [ 0001-body types 1[1{ 1 [ ]

~|| Template Type @ Process () Task

i SDPD Course
t-21% Systern Design

3D Design

&-%% Product Optimizati
= Process Design
=2 Process Simulation

EE : Create Process

- mor Review Task 7
C > Create/Modi

r

B3 F|naIF‘.eport

G- E Acknowledge

B Approve

www.incose.org/i

“1= 1D System Simulation

[
[
E:
-2} Product Simulation
2
[c
E

¢ Launching Process Simulate

Sub-processes of workflow step#7

== > —l S e B —— Ery
Start Create/Modify ":. Create Manufacturing Plant layout Run simulation Obtain and Discuss Results
~

on

Simulation

w2021/ | 20



Practice — Case studies — Electric Longboard: System rin .,
architecture using Systems Modeling Workbench/Cameo

System Modeling
Workbench (SMW)

Tecnomatix:
Process Simulate

Plant Simulation Amesim
Teamcenter
Process Planner
NX
Simcenter
STAR CCM+

iMBSE implementation workflow

* Model Based Systems Engineering (MBSE)
 Create a systems model and a single source of information

* Requirements, structure, behaviors
» General insight of purpose of creating the Skateboard

Deliverable: System Architecture of

Electric Skateboard

# £ Name
1 B [r 15ND1

[’ 1.1 sNO1-1
(el 1.2 SNO1-2
B [E 2 SNO2
[® 2.1 SND2-1
[’ 2.2 sND2-2
[’ 4 sNO3
[’ 5 sNo4
[® 6 sNOs

G0 = h oW B W R

10 [&] 7 5NO6

11 [& & sNO7

www.incose.org/iw2021/

Text

The system shall transport the user at least 10 miles at an average speed of 10
miles per hour in a single charge

The system shall transport user with a speed greater than 10 meter per second
The system shall transport user for at least 10 miles in a single charge

The user shall be able to control the speed and stop within safe distance

The user shall be able to control the speed

The user shall be able to stop within safe distance

The skateboard shall stop within safe distance S
The skateboard shall have speed setting for Novice, Regular and expert levels
The skateboard shall use commercially available off the shelf materials (COTS)

The skateboard shall use readily available energy source with sufficient energy to
meet daily needs

The system shall have a portable controller to energize the skating engine, control
speed and monitor operation status ng

Stakeholder requirementsund

21



Practice —

using Systems Modeling Workbench/Cameo

Tecnomatix:
Process Simulate
Plant Simulation

Teamcenter
Process Planner

HEEDS

System Modeling
Workbench (SMW)

Simulation
CAM

~
~,
Manufacturing
Process
Design + -~
CAM

Simcenter
STAR CCM+

iIMBSE implementation workflow

«block»

r Electric Skateboard ﬁ—
& -

«block» | wblocks

Whee! Electric Control Unit

«-»«1

[ «blocks
Truck

f

I

-

t wblocks | l: ablock» ‘ |
== )

«block»
Motor

._@

«block»
Drivetrain

i3

Hanger

Q

bbdt
Bushi

ey [ k Motor Pull'v
e l “‘h..l pullc'yJ

§

Drlubull

5

=

)

a7

ablocks
Riser pad |

M

blocb

«blocks
Decerelate

> © ==| eLongboard Archltecture

Sfied: 17-Aug-2018 1t Type: Saved Working Context

Architecture
I.
* =
. EER|
1 E
=
e
==
b :
=
— (HRavcte
Pe——— Eiits Ea
b o O Rt
£ I =11 EL o
J;‘im.- -'.-. . "!
wed I - el g
My s R !
| - 1--- 3

= System structure
==_| using BDD diagram
===« (Cameo)

Physical Architecture of E-board (using Capella

www.incose.org/iw2021/

voosHl.

By 0 70

.......

Case studies — Electric Longboard: System architecture

SIEMENS.
Select Categ

ctegar
o)

e A T

=

— s R > @y 8 "
PeFraiBOoRA®

< I &L

System
architecture
(Siemens SMW)

........

MBSE

Lightning

Round
tool)
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Practice — Case studies — Electric Longboard: 1D simulation KN
and optimization using Amesim N rsY

Pure mechanical parts

System W:ﬂ(bench (S:V!W) LMS Imaglne Lab AmeSIm electric Skateboard ﬁl
Design complete System

System Modeling Board (masspoint)

- * Modeling and analysis of multi-domain systems
iy S n _ « Create 1D system simulation e
Plant Simulation i 1-D System Amesim . .
= v’ » Graphical representation of the whole system
A * Performance plots of the skateboard as the output T MC and DG Motor

+ Outputs caused by different user’s weight &

Battery

’ Deliverable: System Architecture
p— of Electric Skateboard

iIMBSE implementation workflow

[ plot-1 - [m] x
File Edit View Tools Analysis Help @

REBLL +t +H b HE ORE Lic @

m]
0

I
I
|
I
|
I
|
I
I
I
I
|
I
I
I
I
I
I
I

a
— displacement port 1 [m] radius=25 mm, mass=80 kg “1" = - — =r 0 el 1 I
— displ 1[m]r kg |
displ kg . |
00 —|| — displ 7 ¥ e —— | |
displ 90 kg "5" _ f R |
= displ kg 6" I |
o g 4 /,! ! |
Vi gatt ' L = Lt
m \_j/ I ﬁ'!rfﬁ?‘;: Controller Modef } I’ |. ¥ it ”_ " w:’;z; k
f e B e e TS i T S e i T T S T A L R T |G ta e i e (I, - s s e s L ____________________________ |
] . . MBSE
1D multi-domain system Lightning
- Sb o) : z = E» = = =R simulation model Round

Max. velocity for different (Siemens Amesim)
wheel radius

www.incose.org/iw2021/ 23

Displacement for different wheel
radius & user’s weight




Practice — Case studies — Electric Longboard: 3D modeling 7~
using NX CAD N 7277

System Modeling
System Workbench (SMW) NX o
Design me Home  Assemblies Cuve  An
MBSE %, Find C
Tecnomatix: } Open
Process Simulate ﬁ__, 4 ~
Plant Simulation Simulation | 10 System Amesim
CAM Simulation and
Optimization
RS

Teamcenter oo NX ;: V
Process Planner Process = . . °
*' g .= « Design and modelling of skateboard -
A= > o
rS “\ o)
HEEDS Product Product Cen o D
W Y &= Deliverable: 3D model of
eliverapie- moael o il
£

Electric Skateboard
iIMBSE implementation workflow

\\\\\\\

Part fle saved

3D model of Skateboard

MBSE
Lightning
Round
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Practice — Case studies — Electric Longboard: 3D simulation ‘!:ir.2>

using NX Nastran / Star-CCM+

System Modeling
Workbench (SMW)

Tecnomatix:
Process Simulate

Plant Simulation Amesim

Teamcenter
Process Planner

Star-CCM+ / Nastran:
* CFD and Structural analysis
* The structural analysis of the board

with static loads 200 Ib
Simeenter * Von-Mises stress and displacement
STAR CCM+

of the board

HEEDS

Deliverable: 3D Simulation
model of Electric Skateboard

iMBSE implementation
workflow

www.incose.org/iw2021/

BB skateboarddeck - STAR-CCM+
File Edit Mesh Solution Tools Window Help

- [m] X

PEEZMEAr )OIB RZRRISANIAN SEK Qe>P@ Ly viviv @

x ‘ =
Simulation Scene/Plot ‘Eg -
I8 skateboarddeck ~

3] Geometry
@ Continua
=] Regions

skateboarddeck-Displacement x|

ano=]

e

Displacem ent: Magnitude (nm)
0.00000  0.0043245  0.0086492  0.012974  0.017298  0.021623

e

4
Displacement - Properties x =
(= Properties ~ utpu
Transparency Override  Use Displayer Property v
Mesh Override Use Displayer Property v
Coordinate Systems i
Tags o

[=IExpert V
Displacement 0
A scene

3D simulation: Von-Mis
in skateboard deck

es stresBSE

Lightning
Round
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Practice — Case studies — Electric Longboard: 3D optimization':is.2»

using HEEDS

H HEEDS|mdo - skateboard_opt.heeds * = =] ﬁ

I W
~ Process Automation 'snuﬁﬁ.._
‘ Process | Parameters Tagging"” Study Run! i"‘EEDslIT\dO i
@ 0 b .EH.-NlPp & =8

Reload  Reset

Open Summary Plot Run Stop Pause Restart Share = Expart
HEEDS|post Designs Flocodia L ot Report
View Run Coleborate Plot Reports
> H Untitled project * 0 The study run has completed successfully. Select a plot in the browser to explore the results.
i H skateboard_opt.heeds * Open HEEDS [post for more detailed processing.
v 5 | -
vl—'.zc:f:z:s:i:mmon m Stl..ldy_l B | Best Design: b Visualzation file: | Simcenter_3D_1: skateboarddeck jpg i
> & Simcenter 3D_1 Reference: Baseline 2 -
> [ Variables - -
' [ Responses : T,  Name BestValue | Change
v P Sty t | Volume 24193506 | 2%
» 5 Variables 1 @4 Displacement 00210834  -17%
[ Responses 1 @4 Stress Von Mises 4286.44 -2%
v D‘_Plut; 1 5] Depth 249 24%
X - “
£ Qpjective Hopory D0 3 Length 300 -25%
[ Performance History = 1
[ parallel Data e | ‘@ width 1872 6%
E Design Table l
FH Correlation - ' v
@ Simcenter 20 1image || Status:  Completed 3115552405 0.305844 1138589 25 s00 220
Tl HeatMap_8 Type:  Parameter Optimization 1 | |
@ Model 9 Method: SHERPA P b b
Version:  2017.10.0.1066
Started: Apr2, 2019 @ 16:27
Elpsed: 33 min 19 sec
- /
ﬁ Analysis Details _——
+ :I: T fay I
T T T 1
1.38015e+06 0.0138108 2684.94 15 300 180
Volume Displacement Stress_Von_Mises Depth Length Width
! == Feasible == Infeasible Design 44 == Reference 1 |

Optimization of 3D geometry of skateboard deck

HEEDS (Hierarchical Evolutionary
Engineering Design System):

* Optimization for better and more
robust solutions within a given
design space

Deliverable:
Optimized 3D deck
geometry

www.incose.org/iw2021/

-

 \, -

System Modeling
Workbench (SMW)

Amesim

Simcenter

STAR CCM+

iMBSE implementation
workflow

MBSE
Lightning
Round
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Practice — Case studies — Electric Longboard: Manufacturing
process design using MPP

@D~ Manufacturing Process Planner (Student (student) - Engineering / Designer - [ IMC--2003089035 1 [ 1[1[ ] [ )

" 003925-Skateboard_Process PS X

_PS_PIantI %

P MBOM|

=0

Q?SZ

B-G

@03 % %lel@ey ©

=] :‘Q 003926/A;1-Final_Assy_PS
£ & 003927/A;1-Front_Assy_PS
B %@ A 078.201.000_Auft 9,

BOM Line Item Description
#:1003925/A;1-Skateboard_Process_PS Skateboard Process PS

|

Final_Assy_PS
Front_Assy_PS

d;1078.201.000_Auft

5@ L Se-SchrIn-6kt DIN 7991-M5x10/A;1
- @A Se-SchrIn-6kt DIN 7991-M5x10/A;1
i H@L, Se-Schr In-6kt DIN 7991-M5x10/A:1
- heE A 078.201.026/Skateboard; 1
%@L Se-SchrIn-6kt DIN 7991-M5x10/A;1
5-24@® 003923/A;1-Front_Assy_PS

o =@ kawasaki_uz100/A;1

& =8 gripper/A1

o =8 vr5264280_cnv.cojt/Arl

&8 box_gripper/Ail

&8 fin gripper/A;1

@ kr6_700sixx/A;1

g 003928/A;1-Rear_Assy_PS

P& box_gripper/A:l
e fin gripper/A;1
o =W kawasaki_uz100/A;1
g @@ krb_r700sixx/A;1
- %He A 078.201.000_Auft

Se-Schr In-6kt DIN 7991-M5x10
Se-Schr In-6kt DIN 7991-M5x10
Se-Schr In-6kt DIN 7991-M5x10
078.201.026

Se-Schr In-6kt DIN 7991-M5x10
Front_Assy_PS

kawasaki_uz100

gripper

vr5264280_cnv

box_gripper

fin gripper

krb_r700sixx

Rear_Assy_PS

box_gripper

fin gripper

kawasaki_uz100

kr6_r700sixx

d;1078.201.000_Auft

%@L Se-SchrIn-6kt DIN 7991-M5x10/A;1
- @A Se-SchrIn-6kt DIN 7991-M5x10/A;1
i H@L, Se-Schr In-6kt DIN 7991-M5x10/A:1
%@L Se-SchrIn-6kt DIN 7991-M5x10/A;1
5-24@® 003924/A;1-Rear_Assy_PS
o =8 vr5264280_cnv.cojt/Al

=g 004163/A;1-Final_Assy_PS
- P& box_gripper/Ail
o (=@M kawasaki_uz100/A;1

Se-Schr In-6kt DIN 7991-M5x10
Se-Schr In-6kt DIN 7991-M5x10
Se-Schr In-6kt DIN 7991-M5x10
Se-Schr In-6kt DIN 7991-M5x10
Rear_Assy_PS

vr5264280_cnv

Final_Assy_PS

box_gripper

kawasaki_uz100

Teamcenter Manufacturing Process Planner
(MPP):

* Product Lifecycle Management (PLM)

* Develop product and manufacturing process

* Manage manufacturing data,
resource and plant information

+ Seamless alignment between engineering
bill of materials (BOM), manufacturing BOM
and the manufacturing bill of process (BOP)

process,

Deliverables: Manufacturing
Process (BOM, BOP, etc.) of
Electric skateboard assembly

. ¥ sid
B AR Ak A Basachem W T

D me Ready

BOM of Skateboard

2R FHRBRG 2

TaEw & L DAAMTIS  EEEEN
.
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System Modeling
Workbench (SMW)

Tecnomatix:
Process Simulate .
Plant Simulation 1D System Amesim
Simulation and
Optimization
Teamcenter
Process Planner
L NX
3D
Design
CAD
v 4
Product Prod .
HEEDS Optimization s.,,.,_,",,. Simcenter
o5 CAE STAR CCM+

iIMBSE implementation
workflow

MBSE
Lightning
Round
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Practice — Case studies — Electric Longboard: Manufacturing '%is.2.»

Process simulation using Tecnomatix

C- = M Process Simulate on Teamcenter 12.0

5 & ’

Viewers Properties Rela t
Viewer  Viewer

([} i
0m O < R
9 Trans
New Arrange Switch Parallel I/
Window Windows - Windows = Perspecti Qe L
Screen Layout Orientation

@ ObjectTree

3

F O

§ = B[D Final_Assy_PS

= - @ [ Parts

S (- B[] Resources

8 O (3 Motes
O[3 Sections
O () Dimensions

O Labels
[+ @[] Frames

O[] Assigned Prototypes

O[] Appearances

O[3 Metion Volumes

O[3 Point Clouds

O[] Tiggers

O[3 Cables

O[3 Cameras

Object Tree  Logical Collections Tree

Operation Tree > B x

Tecnomatix Process Simulate :

Simulation and optimization of production
systems and processes

Taking skateboard through assembly

Verify reachability and collision clearance
Simulating the full assembly sequence of
the product and the required tools

Deliverable: Simulation
model of Electric
skateboard assembly

Sequence B ox
@@saaﬁaﬂﬁﬁ\mn«« MO .20 010 @& | - ¥ @ B
3 2 4 8 & 10 12 14 18 18 20 27 D4 28 28 80 32 34 36 38 40 42 44 46 48 60 62 54 56 58 6

SequenceEdrI \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

inal_Assy_PS

& Front_Assy_PS

¢ ]
‘| i
4 | ,| Sequence Editor  Path Editor Collision Viewer
[kr6_r700sbad[MOF] Move to loc place2 (kré_t700sioc PNP_Op1) Standard Mode  Snap Pick Intent  Component Pick Level  +}» -1911.5, 1236.99, 1560

Simulation of Skateboard assembly
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System Modeling
Workbench (SMW)

Tecnomatix:
Process Simulate "‘h':"“"“"" =
Plant Simulation Simulation 1.D System Amesim
CAM Simulation and
‘Optimization
Teamcenter
Process Planner "'"p,"m E
Design > NX
CAM 30
Design
CAD

P
HEEDS s‘m‘:‘ Simcenter
CAE STAR CCM+

iMBSE implementation
workflow

MBSE
Lightning
Round

30



Practice — Case studies — Electric Longboard: Plant Simulation.:

using Tecnomatix

(5]
X

Tecnomatix Process Plant Simulation:

Truc, - - Simulation and optimization of production
r:*|: (rp 5| systems and processes
s Tr“§fhﬁ'= » Mo - Taking skateboard through production
] —e '_ i — = _ . R :
_'j*_t.t.'ﬂ T P’.ﬁﬁ 5 “‘ S I F’.L‘*‘ﬂ Slrr:julatlng the full production of the
SkaﬁeboarDriIIing Assembly I%g:_skateboard Inﬂon PE@WQ pro uc
Batbrv}"‘l"—

u Controller_Box . ’ . .
. & Deliverable: Simulation
model of Electric

skateboard production line

ecnomatix_Skateboard_Assembly

Simulation of Skateboard production line
(Top: 2D; Bottom: 3D)
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System Modeling
Workbench (SMW)

Design

1.0 Systom Amesim

Simulation and
‘Optimization
Process
Process.
AM
Z "
P \
G ‘x
Product Produ o
HEEDS Pl il Lo Simcenter
cAE cAE STAR CCM+

1IMBSE implementation
workflow

T cnomatix;
0Ces:! Smul ate
PI nt Simulation

MBSE
Lightning
Round
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Practice — Case studies — Electric Longboard: Traceability

vl eLongboard Architecture

R F L o [l eLengboard Architecture
F 1 gy

et s . e L LU P TR
- =
I I I

R F L P : i Ml eLongboard Architecture
— sty

Weisn

ol
-ﬂ"""&‘?

~RFLP3D |

Electric Skateboard/Longboard RFLP

VVVVVV.ITILUOT. VI Y/IvwauvuL 1]/

MBSE
Lightning
Round
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Practice — Case studies — Electric Longboard: Traceability — TCI

o NX

System
Simulation
and
Optimization:
Amesim

Product and Process Data
Procass Management:
Design
Teamcenter

Pro

Teamcenter

Product
Simulation
STAR-
CCM+

Praduct
Optimization
HEEDS

iMBSE
implementation
workflow

L
\| /:,,,-

www.incose.org/iw2021/

& systems Engineering - Teamcenter 10 = a X
File Edit View Tools Window Help .
e S * NX Design
(A B G xR fl2|h R BHEE TEAMCENTER SIEMENS
aGelanElacs Flt doa QB[0P ili i
Dbl = « Create traceability between requirements and
@~ & - Systems Engineering ( Pramyoo ( )-E / Designer - [ IMC--2003089035 11 111011 D) = DeS'gn geometry (3D model)
& Home| |y Electric Skateboar | *, SkateboardDeckRP 53 ==
-, " 25
: % €3 % FER - DEFE AR ¥
Design the components BOM Line Item Description Name _ 3 . .
- Enter Name H Type  Validation R it reate .
R oot Seommipeciar et Deliverable: 3D NX design linked to
Item |d | Item Type | Rev Name | Revisil} . . . .
Sa Fequbeend Speciabion Eieciic Salebom % validation requirements in I 'C SE
3 qﬂ' P_BR Paragraph Business Requirement A
- 4ffl P_FR Paragraph Functional Requirements A
[E-«f P_UR Paragraph Usability Requirements A = = :
(-4 P_PR Paragraph Performance Requirements A NX W = - < | | B st wincow: [ Windou <> 10412 Modeling SIEMENS  _ O X
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i (3 REQ-002491 Validation quu\;gmgm_ ‘Width A Direct Sketch > Feature fal Synchronous Modeling * Assemblies aul *
. REQ-D02492  Validation Requirement  Depth A S Menur [ NoSelection Fifter = | | Entire Assembly [ - Bli-0@ /s LA 2) i ‘/
Bl e 5
i SET ISl ST Sl S AT = N Neme & Upto Date Commen
> SummaryTD Custom NotesTr Traceability 3 == Relation Browser} N B e
+ v [B Camesas
. . B4 - g Checks
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Defining Object Type Complying ... Defining Co... SR Ren2 0412/
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v
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Dependencies
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Preview
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Practice — Case studies — Electric Longboard: Traceability — TC

o NX (cont’)

- 5 B - Switch Window [7] Window » = NX 12 - Model X
NX & =~ @ - « 75 switch Window [T Window - = NX 12 - Modeling aEmENs . O X NX E =2 & ] odeling SIEMENS - O
Home Assemblies Curve  Analysis View Render  Tools Application Visual Reportin: | B A&
“ Home  Assemblies  Curve  Analysis  View Render Tools  Application  Visual Reporting OE a @ | ﬂ : — i . i o - Q
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= T i Pattern Feature Chamfer <2 (@ Offset Region L D D |t = 2 & oo 3
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- S i Unie - 3 Tim Body =" G& Replace Face s @ Sketch Datum Extrude Hole Edge More  Move _ More Ly P
Sketch | # TN Dstum Etrude Hole P EJe o pen More | Move o o More | cumace| @ Add - g o ZSRL || (Dt e & shel Blerd~ @ Draft 2 Face [BR Delete Face v suface +
i System 2 | e © e Gt - | RELEE OSSR i = Direct Sketch ~ ~ Feature M synchronous Modelin h Assemblies - M
Simulation o i Direct Sketch  * Festure * Syncvanous Modeling Assemblies - l oot Skete pmchronou 9 roey P B
- > = P - vl
d . T + O 55l & & @@ - Menu~ [ No Selection Filter + | |Entire Assembl - - 5 D iy ~ /
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A e+tah O a-w 5
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Management: L B@ Checks |!|; B Checks
i REQ-002490/A.L = g REQ-002290/A.L
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i Teamcenter 3D Design: §5» REQ-002452/A.0 | i REQ-002492/A.D
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o AP Edge Blend (3) I's | "3‘\ [ EPEdge Blend (3) v
Product iF h";‘t A Edge Blend (4) v 17 Edge Blend (4) v
Optimization Simulation
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CCM+ @
3 D
iMBSE p p
. L
implementation : | g . ,
Depesiiencies : o i Dependencies v ¥
workflow * 2
Preview v
Preview v
Select objects and use MB3, or double click an object i . :
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The validation results failed
two of the requirements.
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The validation results

passed all the requirements. 3SE
Lightning
Round
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Practice — Case studies — Electric Longboard: Traceability —

Cameo ¢ Amesim

System Modeling
System Workbench (SMW)

MBSE
Tecnomatix:
Process Simulate 4 .
Plant Simulation SInllHIen ! 1. System Amesim
cAM Simulation and
Optimization
Teamcenter
Process Planner an £
Design - - NX
CAM 3D
Design
cAD
EEEE Dpliulnﬂnn snmun.. Simcenter
o STAR CCM+

iIMBSE implementation
workflow

AT e
o tap - —" L — & ™ T e | ) e | ST 5 welony Co phd w4 0 0
frbomems e e B 2 & o
T * 1D Simulation model
8o S el I = « 0D requirement model
= = = .
e e S " Deliverable: System design that

=i Requirements to be verified: -

1. The velocity shall be greater than 12 m/s
L 2. The cost shall be less than $200

oD requirements Parameters to be varied:

model

1. Wheel radius
2. Battery size (# of cells)

R

e e meets requirements

Battery

e e e e

1D Sitnulationsfor predicting system’s performance: Max. veloc

MBSE
Lightning
Round
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Practice — Case studies — Electric Longboard: Summary of
digital implementation

) Wwewebeuey weisks
ot
@
g 3
; .

Implementing iMBSE workflow: Summary of deliverables
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MBSE
Lightning
Round
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Practice — Cases studies — Electric Longboard: Validation f/\
, (\F_ == :s‘ ;

X: Time [s]

Simulation results from Amesim 1D (Digital twin)

io 20 30 40 50 60 70

Time

Experimental results from Optical Encoder (Physical

Velocity m/s (no load condition)

Amesim 6.8
Optical Encoder 6.6 MBSE
. ) ) ) Lightning
Electric Saketboard/Longboard Validation: Max. velocity Round
www.incose.org/iw2021/ 37



Practice — Case studies — Electric Longboard: Validation

3.3 Real T i T T T ! T ! T ! T
[Post Query Curve (6)

N
I
T

4
=

)
T T

DISPLACMENT (MM

=
)
T

Magnitude Displacement - Nodal{mm)
o

o
L)
T

=
Y

(o]
0 I I I 1 I 1 1 1
1} 25 50 75 100 125 150 175190 o 2 4 =] 8 10 iz 14 16 18 20
Path Length{mm} TIME (SEC)

Simulation results from Simcenter 3D (Digital twin) Experimental results from Flex Sensors (Physical twin)

Deflection mm Flex Sensor Simcenter
Flex 1 0.91 0.7
Flex 2 1.71 1.354
Flex 3 33 3.45

Electric Longboard Validation: Deformation
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Summary & conclusions

Key aspects of iIMBSE implementation for the electric skateboard

Modeling and Simulation Continuum
Traceability
Digital Thread

Industry 4.0: Current challenges/Limitation faced by Academia

Lack of education (curriculum/certification) for Industry 4.0, including
1IMBSE, MBE, Digital twin, Digital Thread, etc.

MBE/1MBSE skills not clearly articulated/defined by industry

Cost of infrastructure (both hardware and software)

Limited ability to deliver graduates with the required skills to
support/drive the digital transformation

Limited ability to support the needs of industry for the digital
transformation

www.incose.org/iw2021/

MBSE
Lightning
Round
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Summary & conclusions

Engineering Education: Traditional vs. Industry 4.0 »

The proposed iMBSE workflow is about the
“Digitalization” of the SE process

Current Engineering Education
landscape

Engineering Education for
Industry 4.0

Single domain/discipline

Multi-disciplinary, Integrated

Technology/Tools taught by
technology programs/community
colleges

Offered by Engineering colleges (4
year)

Limited relevance to Industry
practice, including Industry 4.0

Driven by Industry (consortium):
Applied as well as closely
relevant/related engineering
curriculum to Industry 4.0

i ;
m‘q‘umy Assessment gm

System Validation Plan System Level

Engineering
clinical Path Planning
e = Concept of
> - = System Verification Pl
el i ystem Verification Plan
Concept e Q, | System (System A Initial Deployment
% i System Level P

G e dé Design Veﬁ#:ﬁ:ﬁ:\egan Integration
_.v’ = %’%} Requirements *'"_'"""'"" Verification
= 5T s Tentran L inegion
—_— Ly Design — +=====>"" iy Testing
ey = = nplerheniation Decisior
‘.—‘,ﬁ . - Life Cycle Time Line M BSE
} — g%;mﬁr‘ nghtnlng
: ; Round
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Summary & conclusions

“Digital Twin” in
Teamcenter as the _

digital thread in IMBSE framework
1IMBSE framework

CAD CAE Optimization
NX Simcenter
Reoenty ;

Gevatrss Cocurment
= Adding resource 10 Flang

Tearmoenter = Adding parts from MBOM to BOP

= Aading sation from plent to BOP and isurching Process Smulate

‘rocess Simulate

iMBSE = Digital twin + Digital thread
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Summary & conclusions F\

BENEFITS FOR STUDENTS:

SDPD (or MB-SDPD) curriculum allows a paradigm shift in engineering education, for improved synthesis of
engineering knowledge and its implementation in different modern product lifecycle applications

SDPD approach and framework allows student (teams) to successfully complete modern product development
within the timeline of one semester, which is a paradigm shift in engineering education.

BENEFITS FOR INDUSTRY:

Greater innovation in product development
Increased efficiency

Faster time-to-market

Increased adaptability/agility/customization
Knowledge re-use

Better ability to comply with standards

overall, MBSE (SDPD) can lead to significant competitive advantage. MBSE

Lightning
Round




Siemens Integrated Model-based Systems Engineering (iMBSE) &v’
Course for Universities — Theory, Practice, and Case Study

MBSE Course

Case

Theory| Practice study

MBSE
’ ' Lightning
Round /
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