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| Think outside the Box:

Expand Model-based Systems Engineering (MBSE)
into Model-based Production Engineering (MBPE)
to realize a Lego Manufacturing System

SIEMENS



Have you ever heard of Model-based Production Engineering?

Go to www.menti.com
Enter the code
1443 9492

SIEMENS


http://www.menti.com/
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Mind-Game: Current Status of Amiras team ...
... organized by Classical Collaboration Silos
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Product Design Team lelen Manufacturing Planning Team

Source: LEGO Digital Designer
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Let’s imagine...
... Amira would have integrated Engineering Teams

Source: LEGO Digital Designer
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Why should you think about Manufacturing Engineering in the early phase of engineering?
Because product design and manufacturing engineering do not collaborate efficently!

Embodiment
design
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Traceability through integrated system models during the overall design cycle is the key!

Model-based Production Engineering for better integration back into the engineering

SOLUTION:
Methodology of
Model-Based
Production
Engineering
(MBPE)

Embodiment 2d
design Jing
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MBPE means to hierarchically decompose Manufacturing Systems
Handle Complexity and Collaboration aligned with Product Design

Production : Manufacturing Manufacturin Manufacturing Manufacturing
?}Sls;‘;?; Conceptual Planning Detailed Plann?ng Implementation Planning Execution

Requirements
Functions

Logical Elements
Physical Elements

Detailling (Elaborate)
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The 3 parts of MBPE: Process vs. Methodology vs. Modeling
Integrated process model, systematic method for manufacturing concept design & modeling approach

System
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design

Topics (T) &

Project Kick- \
Connection:
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System Level Product : g T T
9 |

Product disciplinary

topics and tasks
Models for lterati
Collaboration @

@ @

Product

System Level L .
Manu%cturin System Manufacturing disciplinary topics

and asks
Macro cycle = Detail Design Micro cycle

Manufacturing
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Part 1: Integrated Process Model for Design and Manufacturing
Control collaboration during the overall Product Engineering Cycle until SOP
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Part 2: Systematic method for conceptual manufacturing system design
Is defined by its system design levels and a clear methodology

Context & Requirements Level N

Technique & Material Flow Level

Context &
Requirements Level

Manufacturing Topic areas (T)
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Part 3: Modeling approach (originally designed for UML2)
Common design language for design & planning using object-oriented modeling and UML-
stereotypes

«Stereotype»
Manufacturing system
[Class]

«stereotype»
> Product
[Class]

«produce»

«stereotype»
Production resource
[Class]

«use»

«stereotype»
Manufacturing process

«stereotype»
Product feature

[Class] [Class]

«demand»
«demand» «demand»

«stereotype»
Production function
[Class]




Part 3: Modeling approach (originally designed for UML2)
Common design language for design & planning adapted for using ARCADIA modeling artefacts

N

MBPE Micro Cycle Cube

ARCADIA-Method Framework
Context & Requirements Level

System Level Product

Need understanding
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What's behind Model-based Production Engineering?
MBPE in a nutshell
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UseCase — Develop a Lego toy car product family and automated manufacturing line
Variability of min. 3 & corresponding manufacturing line using a minimum of Lego Mindstorms Bricks

Product Design Manufacturing Planning

Source: LEGO Digital Designer Source: https://robotics.benedettelli.com/lego-car-factory/
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MBPE connects Engineering & Manufacturing Teams
ONE Team approach
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System Analysis
Manufacturing Techniques and Material Flows Level

[ Toy Car variant assemble process

Designated Platform Concept:

A) Chassis with individual tires (pre-assembled) ® Get information which .“‘«. Chassis provision process .‘3’ Front part provision pocess
B) Individual front part including doors and seat (pre-assembled) oy (Carr ogniemit o ol
O) Individual back part (pre-assembled)

D) (optional) individual roof

.‘.‘r- back part provision process D“y Roof provison process

oy Car variant D= Toy Car variant
D sorted chassis

LA Yy L) 0
: : @ Provide variant- Store pre-assembled chassis Pre-assemble chassis
Bring variant- ¥ Variant-specific chagsis specific chassis @ separated by the individual ®variants with individual
tires and provide to

@ specific chassis into — | !
tires
manufacturing system

val ie stream
DA Toy Car varianit

B Variant-specific chassis

Provide information about
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® back part into value specific back part parts separated by variants P
manufacturing system

Pback part stream

@Transpor‘t Assembly 2
1 in value stream D9Toy Car variant D= Variant-specific back part

Provide information about s oy Car variant D= Toy Car variant D sorted front parts

@ variant-specific front part to
manufacturing system | ()

DA assembly 1
Aj
Provide variant- Store pre-assembled
specific front part @ front parts separated by
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& variants and provide to
maufacturing system

|A]
‘ Pre-assemble front part

- Assemble chassis and

" front part
B9 2ssembl 2 Bring varian‘rspecifi&ﬂ
y @ front part into value
D front part stream DA Toy Car vhriant
D= Toy Car variant 4
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DAVariant-specific front part
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D Toy Car Variant D sorted roofs

. Provide variant- Provide roof variants to
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D= ?
Roof? o

_ Bring variant-specific
) ® 4
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JToy Car

B variant-specific roof B3 Variant-specific roof

e
F %@&4&; ¥ 1

= P e e e

Source: LEGO Digital Designer
SIEMENS

B Toy Car variant without roof
@ Send Toy Car to custome
Dvariant-specfic Toy Car II@ Provide Toy Car to Storag% o4 |ndividual Toy Car £ z

BAlyariant-specific Toy Car t
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Logical Architecture
Manufacturing Dimensioning and Structure Level

Assumption from Manufacturing Planning Team: D) ogical Toy Car Manufacturing System

Two production principles to be considered:
A) Island Production with AGVs
B) Production Line with conveyers

.('% Toy Car variant assemble process
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Physical Architecture
Manufacturing Resources and Layout on Technical Solution Level

p 5

Deil
FL S FC#

Deil

F o
Production Control Syste E;acked flow rack for chassis £ Parallel flow rack fo back parts Eparallel flow rack for front parts £l Column racks for roofs
(part of ERP) — —_— p N )

Storage with extraction g Storage with extraction g Storage with extraction 7 Storage with extraction
. system for chassis system for back parts system for front parts system for rooj
*El Digital Control Center, o f Y f p 4 for front p o f fs
Control : : - - : AT Variant 2 Variant 1
. £%]\ariant 3 Level EIVanant EIVanant EIVanant EIVanant EIVanant gm Varian
Bicai 1slide 2 Slide 3 slide 1slide 2 slide 3 slide Blcolumn | | Flcolumn

PPC rack rack

Source: https://robotics.benedettelli.com/lego-car-factory/

D8 Manufacturing schedul

0
A% Manufacturing BUS
0

Elpallet lift Convever bridge Handling
£ with roof-specific &l Robot with
material feed gripper

~

E‘Transport system for
chassis j I Handling Robot with gripper
1

p N . Transport
@ Transport system £ Transport system s, ystem for
for back parts for front parts roofs

5P pallet slider

{¥] pallets conveyer system with universal palletts for all variants, min. 3, max. 12 palletts

Epallet lift Filled pallets (top level) & pallet lift

Fpallet slider

EE‘Bypass conveyer for models without rooﬂ

€Flpallet slider | | & Pallet slider

-

L €Fl production line conveyer system J

ElEmpty pallets (bottom level)

Assembly station with part alignment cage and Assembly station with part alignment cage @Assembly station with part alignment cage
press stamper and press stamper and press stamper
Handling and Assembly E‘Hand[ing and Assembly station Handling and Assembly
¥ station for chassis and for asssembly 1 and front part ¥l Station for assembly 2 and
back part roof

N
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MBPE results in the Availability of consistent Information
For Design, Manufacturing Engineering, Simulation and Virtual Commissioning

Requirements

uuuuuu

Information

Iteration Loops:
Plant ~ : =

@ Line «~
Cell 7~

Component/ g
/

Outputs /

Validation &
Verification

014

Oo12_ .

073

3
O 1.4
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Want to learn more about MBPE?

CIRP Annals - Manufacturing Technolg

Lehrstuh fir Fertigungstechnik und Betriebsorga

Conceptual manufacturi
information

Chantal Sin e Krenkel, Jan C. Aurich (1

Chantal Fiona D

Methode zur Produktionssystem-
konzipierung auf Basis
friiher Produktinformationen -

Ein Beitrag z
1o dilerngtectaica lmpoges Produkti

Produktionstechnische Berichte aus dem FBK
Band 02/2020

TECHNISCHE UNIVERSITAT
KAISERSLAUTERN
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