


| Think outside the Box:

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

Unrestricted | © Siemens 2022 | 2022-09-12 | Dr.-Ing. Chantal Sinnwell, Susan Faust | MBPE | Siemens Digital Industries Software | Where today meets tomorrow.

SIEMENS



Amira
Head of Factory Planning




Mind-Game: Current Status of Amiras team ...
... organized by Classical Collaboration Silos




Let’s imagine...
... Amira would have integrated Engineering Teams
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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 Detailed
design planning
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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)
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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
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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
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Part 3: Modeling approach (originally designed for UML2)
Common design language for design & planning adapted for using ARCADIA modeling artefacts
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Amira
Head of Factory Planning




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/

Unrestricted | © Siemens 2022 | 2022-09-12 | Dr.-Ing. Chantal Sinnwell, Susan Faust | MBPE | Siemens Digital Industries Software | Where today meets tomorrow. SI E M E N S



MBPE connects Engineering & Manufacturing Teams
ONE Team approach
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Operational Analysis
Manufacturing Purpose on Context and Requirements Level

# Design Team £ Manufacturing Planning Team (MPT)

- Only use Lego

¢ - Use Lego Technik and Mindstorm
Standard Bricks

Bricks for Manufacturing System
Construction

Talk to MPT about
| Toy product

The LEGO
toy car family
shall ...

- Create a platform
concept for Toy Car
Product Line

- Overall
Development Task

Source: LEGO Digital Designer
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- The amount of used Lego
Mindstroms Bricks must be
minimized

- A manual pre-assembly may be
considered if necessary

- Overall Manufacturing System
Planning Task

The LEGO
manufacturing
line shall ...

Source: LEGO Digital Designer
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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)

B) Individual front part including doors and seat (pre-assembled)
Q) Individual back part (pre-assembled)

D) (optional) individual roof
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Logical Architecture
Manufacturing Dimensioning and Structure Level

D Logical Toy Car Manufacturing System
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Physical Architecture
Manufacturing Resources and Layout on Technical Solution Level
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MBPE results in the Availability of consistent Information
For Design, Manufacturing Engineering, Simulation and Virtual Commissioning
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Amira
Head of Factory Planning

v NO more silos based on i



Want to learn more about MBPE?

CIRP Annals - Manufacturing Technology

ufacturing syster
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Methode zur Produktionssystem-
konzipierung auf Basis
friiher Produktinformationen -
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