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Technische Universitat
Dresden
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Starting point

= Limited availability of materials meeting
requirements of future jet engines

= Development of novel material
= Extremely expensive experiments
= |nfluence of controllable variables unclear
= Properties only partially accessible to
simulations
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Introduction to the optimization problem

= Experiment based analysis to study properties of materials.
= The goal is to guide the experiments in order to optimize the resulting
material’s performance.

: 2 objectives and 3 constraints
10 inputs

Density N\,

Chemical composition , y,
reccl o mmmmm)  Young's modulus

Temperatures
Process timing
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Introduction to the optimization problem

How to extract the optimal point?

= Limitations due to the high dimensionality of input domain and multi-
objective optimization, while having a reduced budget.

= Limited behavioral information: the database contains only 35 points,
sometimes with incomplete information. The ideal number of points is

10 X (number of variables) = 10 x 10 = 100 points to get a relevant model.
= No access to a simulation tool to run as blackbox.

Using only experimental approach to get to the optimal design means a
lot of tests, which takes a very long time.
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Proposed approach

= Step 1: populate the database to obtain as much
information as possible. Using approximation

(Bl Point 1 Point 2 Point 3
models, the missing values are predicted. : = e
4 i2 ? | 0.46

= Step 2: use the database to give the optimal point.

This part relies on surrogate-based optimization l
(SBO). BEST ?

= Two workflows were created to automate the
process.
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Methodology - step 1

= First database: 10 points were given with all the output values

information.
= Second database: 25 points were given with only the Young's

modulus output values.

= Based on the first database, approximation models were created for
the density, elongation, UTS and yield strength.
= These models were then used to predict missing outputs of the

second database.
= |In the end, both databases are merged.
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Methodology - step 1

1. Load CSV
databases.

2. Create models - = | —

ﬂ PythonScript

and evaluate
missing values.

3. Merge all into
one CSV file.
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Methodology - step 1

Create models and
evaluate missing values.

Use of SmartSelection
algorithm to tune the
model builder.

TS

— Create model
/" ApproxBuilder
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Methodology - step 1

Index: 0

= Automated process to create models and
evaluate missing values. Can be easily launched = ...

to populate again the database after an update = - "= = - o e - -
(new experiment).

= SmartSelection algorithm allows fine tuning of 1
the model builders to create performant
approximations without the involvement of an
expert. All the models are independent and can
be checked using generated reports if any doubt. ST i
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Methodology - step 2

= Once the database is complete, it is used in a second workflow for
optimization.

= A Design Space Exploration block manages the optimization, taking as
information input the database.

D Database » » Optimization

CSVParser ***  Design space e...
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Methodology - step 2

= SmartSelection: SBO

B a S e d O n th e give n p O i ntS, a S u rroga te Configure: Optimization (Design space exploration) oy
s

model is created, and the best point of this o PR B
model is selected as optimal design point. | e T EE

« Exploration budget: 1 e I
As there is no iterative process, the

Exploration budget: | 1 * | Studytarget: ¥ [ Hints: +

software is asked to provide directly the i

Type Size Lower bound Upper bound Hints
. Density Minimization | 1
b t t t f th t d I Youngs_modulus Maximization | 1
est point out O e surrogate maodeil. e Maximization | 1| ,
UTS Constraint 1 0.0 1.0

= Global search intensity: 0 conrane |1 |00

No budget allowed to explore the design @[ i cpiors) o= e ox | [canar | [ nomy
space, only optimization.

23.10.2023  © DATADVANCE & TU Dresden Confidential



7 TECHNISCHE
/r(/ Automate engineering processes at scale @ U NlVE RS |TAT m
DRESDEN

Conclusion and perspectives

= An automated approach to build models and populate the databases when needed.
The pSeven process takes around 2 minutes.

= Before optimization, a first check of the models and predictions is possible through
automatically generated reports.

= The optimizer is parametrized to give the optimal point at the first computation,
relying on a dedicated surrogate model.

= Even with low data (i.e., 1/3 of what is required for such operation), the models can
give a tendency.

= Reduced complexity and time compared to only experimental testing.

NB : both initial databases are from different sources, thus different fidelity but because of the very low amount of data, they have
been gathered in the same file for the optimization. If more data have been available, the Data Fusion approach would be selected.
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Visit us:
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Contact us:

» info@pseven.io

= 42 Avenue du Général de Croutte, 31100, Toulouse, FRANCE
= Tel: +33 (0) 6 03-84-62-92

Follow us:

= youtube.com/datadvance

= linkedin.com/company/datadvance
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