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Product Realization

* Four groups
— Design
— Integrated Product and Production Development
— Industrial Production

— Design Automation Laboratory

« Educating engineers during years 1-5 in the programs
— Mechanical Engineering

— Design and Product Development
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Design Automation Laboratory

Recieve design suggestions automatically and minimize repetive work

Methods
 Flexible CAD-models
* Modeling, Simulation and Optimization

« Machine Learning
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Philosophy

« Combine optimization skills with engineering skills
« Tutorials to learn the basics / methods
* Projects to demonstrate that they can apply the methods

« We are trying to teach methods and tools that we think will be important
in the future

— Parametric CAD (TMKT57) started 2008
— Multidisciplinary optimization (TMKT79) started 2014

* We constantly attempt to introduce knowledge and methods from our
research in our courses to keep the course content relevant
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Course Package

TMKT57
Product Modelling

TMKT48

Design
Optimization

Flexible CAD-
models

Basic
Optimization

TMKT79
Collaborative
Multidisciplinary
Optimization

TMKUO1 Design
Automation for
Customized
Products

Customer needs
Digital twin

Practical MDO
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TMKT48 Design Optimization

e Introduce
— Modeling
— Simulation

— Optimization

OPTIMIZATION ALGORITHMS

How they work
Advantages
Disadvantages % |

Algorithms
such as:

Complex
Cenetic
Algorithms
Cradient-Based
Particle Swarms

MATLAB

Simulink

SIMULATION BASED OPTIMIZATION

Include simulation models
in the optimization

Objective function Objective

System characteristics/ F(x)=af(x)+ A1 (x) fum-:r;ou

simulation resul‘f value
e— o

g g Optimization
IR i . . = algorithm
I Simulation \ ! ;

gt E model g
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Design variables




TMKT48 Design Optimization

 Optimization Algorithms

e Multi Objective Optimization

« Surrogate/Meta models

 Sensitivity Analysis

File Tools View Simulation Help
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» Probabilistic Optimization

 Select Design
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TMKT57 Product Modeling

 Flexible CAD-Models
— Minimize repetitive work &

— Optimization

 CATIA
* VBA
« EXCEL =
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TMKT57 Product Modeling
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TMKT57 Product Modeling

W Cdn 3 struciure as < IIPi-_'\ as a heux "IIA_‘L‘L
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VBA
CODE

EXECUTION

To achieve our goals, we used different tools.

We used CATIA V5 to model the island and create
all the parts and surfaces. We used CATIAs own
powercopy function to-easily instantiate the
houses, roof branches and pillars

The medel'is generated automatically with VB
script and the floors, roof surface and roof pattern
are generated through code. For the final touch
ups we used Autodesk Fusion 360 to render
presentation pictures of the island.

HEIGHT OF HOUSES

Ded =yl D= 3

A project in TMKT57 at Linképing University by II LINKOPINGS
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Elin Mikaelsson, Julia Lindhagen, Ida Franzen and Raymond Xue



TMKT79 Collaborative Multidisciplinary Optimization

* Practice MDO
* Integrate

— CAD

— FEM

— Performance Models

« Speed up with Surrogate/Meta models

* modeFRONTIER
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TMKT79 Collaborative Multidisciplinary Optimization

« Tutorials on a wind power plant— then own projects

Optimizationof anold

. . .
Prajanya - Mjolnir
Collaborative Multi-Disciplinary Design optimization - TMKT79 - 2022
Electric Aircraft Optimization

FormulalCar

fromthe1950's
Introduction
Most electric cars have a modern and
uniform look to them. This project
aims to create an electric car with a
modeling the car
).

A Design Optimizer to provide the most efficient electric aircraft design for the criteria
desired by the user.

Motivation :
- To optimize the estimations from companies to customers & allow trade-offs between the
customers requirements and constraing

Goals -

- Optimise a solar plant’ power, cost and land usage

- Compare two locations with different latiude

Input Diversity:

Wide Ranges of input that the user can set or approximate

Design objectives

- Minimize difference in dimentions
- Minimize cost

- Maximize range

- Maximize speed

Range of Optimal Designs:
User can seloct optimal designs based on design parameters
best suited for criteria

-= We transform the problem into variables and objectives
-»We use and create models that we connect togethers 1o lunch an optimization

Visual Representation
The U 30 experiences visual representation of
electric aircraft in it's optimal design point

@ The models

Power and cost models (Excel)
v . Shading and wind force calculation, tilt
Results o effeciency (Matlah)

The final design FEM model (Catia)
diffe d

@ The optimization

NGSA - Il Algorithm
200 initials designs x 30 generations
+ Surrogate models to save time

Key Feature of Design Optimizer

Lift analysis
ind ' g
elecric cars on the n

RESULTS !
» Linkoping vs Shanghai

+Hight latitude area i.e. Linkoping needs
10-20% more space compared to
Lower lafitude area .e. Shanghal.
‘Where sun can be directly above 10

Optimizi : Q

mi

Acceleration and Cost by varying

« Pareto front for the designs

4 4 Powerplant Calculation
Dimensional Analysis 4 4
\.' §

Sample of variation

Pax: 40; Wingspan: 15 [(m) Pax: 80; Wingspan: 25 [m] Pax:120:WingSpan: 30(m| Dok 1o 4 S0t
= Thickness of the support can have a sligth
impact TP —
»
Livkoping University LINKOPINGS o — -
ectr UNIVERSITET A = A

Grougl 3G

[Etias Nirvin, Patrik Olsson, Wiktor Maruszezyk

wheelbase, car width, motor power
and battery size.

Optimization framework using
modeFRONTIER to connect Excel
and CATIA models.

avoid shading.

« Explanation on the variables

> The number of panels and row distance have
an important impact on all the cbjectives

> Chanﬁing 1the cross section doesn't affect
mutch the bojectives

= The power, especially during peak season,
need an optimized tilt angle

objectives

Power vs Land area [with different rew distance)

noseae




TMKUO1 Design Automation for Customized Products

« Customer adapted products
« Automatical frameworks

— CAD-models

— Drawings

— Assembly instructions

 Digital twin

e Excel
« CATIA

e Visual Studio

II LINKOPING
L UNIVERSITY

14



TMKUO1 Design Automation for Customized Products

LINKOPING
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Challenges

« What will be important in the future?
¢ Programming
— Included in all our courses
— The students usually have low programming skills before our courses

« What software to teach?
— Easy to use?
— Open Source?
— Used in the Industry?
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« Repetitive Design — exemples from the courses

— https://repetitivedesign.com/

* Design Automation Laboratory — our research and results from our
courses

— https://liu.se/forskning/design-automation-lab

» Johan.persson@liu.se
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