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Challenges in the Model-based
design process

= Products are complex system-of-systems

= Integration of multiple engineering disciplines
= Large number of simulation tools
= Collaboration among subject matter experts

= Geographically dispersed worktorce and
compute Iinfrastructure

© 2023 ESTECO SgA



Untapped potential of improving
design performance

“3 out of 5 organizations

= Simulation still heavily relies on trial-and-error consider a shortage of talent
and a limited understanding

= Manual or partially automated CAE worktlows of the benefits as a critical
impediment towards

= Design optimization requires expertise or adoption of AI/ML-based

significant investment of time simulation.

NAFEMS and McKinsey & Company

= The ability ot simulation experts is limited Survey: The future of Simulation, 2023

J
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As your digital engineering initiative
grows, what to expect from an
optimization software?

= |ower the barriers to automating simulation
worktlows, and making them reusable

= Make It easy to set up multiple design optimization
strategies with pre-contigurable scenarios

= Democratize the use of automated simulations and
design optimization across your organization

J
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Workflow automation

Seamless integration

Design space understanding

modeFRONTIER

Optimization-driven design
Robust and uncertainty quantification

Post-processing and decision making tools

"
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ModeFRONTIER — operating principle




Guided Process

= Provides a fast gateway for your model to SIS ITIIT B B2 g i e
be optimized in modeFRONTIER. i ——

» Drag and drop your model file to the 2 & !
workflow canvas. modeFRONTIER will -
extract all the parameters and responses | y
from It. Then you can skip the workflow it
and go directly to the Planner to start the |
optimization. £ s e

nput Ut

......




Start from template

» My template folder

System templates

Ll ¥ W T
= E @
] o o ™
: =
= :
Caleula Caicidat th Flan
- Frad _L:
e THICE
E
i Q VA E:
2 ra

=" 31

() Login

demao

) Mew -

v [l This PC
> il Desktop
¥ Documents

4 Downlosds

¢ Music
P Pictures
& Videos
> Wl Windows ()

1 tem

Projects

Pinned projects

Recent projects

I.—Ir\.
;
LL

v This PC » Deskbop » demio

sich demg




Easydriver Test Run

=2 Configuration | % Connectors 4, Graphics

= Save time by debugging your integration
without running the entire
modeFRONTIER worktlow.

By Define parameters [ Testrun =+ Introspection 2o [ 7]

™y EasyDriver

W BB > tutoscrolon

= You can reproduce the actual runtime Py
e nVi ronment Qf yO ur | nteg rat | OoNn an d Feb 07 2023 14:36:36:824 Starting test for run_solver
C h ec k t h at eve ryt h | N g iS ri ght W |t h Feb 07 2023 14:36:36:830 Test directory: test19930
. 5 5 . Feb 07 2023 14:36:37:853 Test successful
Varl ab I'eS an d fl I'eS In yO ur d rlve . Feb 07 2023 14:36:37:853 Check designicg.htmi for details

Feb 07 2023 14:36:37:857 run_solver, designicg.html proc

= Avallable in the Easydriver node
configuration toolbar.

Abort Close




Python eco-system in modeFRONTIER

Id Keras
pyCONSOLE
CPython node

RS -

PySCHEDULER
PyDOE
PYFRONTIER




oySCHEDULER

You can drive your design space
exploration sessions in modeFRONTIER
with python scripts.

A set of internal python APIs allows you
to link your optimization algorithm or
built-in python algorithms to the
modeFRONTIER evaluation engine.

Available both in the Scheduling mode
and the Process mode.

» Ewvolutionary algorithms

» Heuristic optimizers

> Multi-strategy algorithms
> Gradient-based optimizers

- External optimizers
Matlakb (The MathWorks) Bridge
GMHU Cctave Bridge
pySCHEDULER

Algorithm: pySCHEDULER

« Parameters

Maximum numberof d...

Python script file

* Derivatives parameters

TR

LB L L

python_scheduler.py

O @

-y




PYDOE - Python bridge for Design of Experiments

You can drive your design space
exploration sessions in modeFRONTIER
with python scripts.

A set of internal python APIs allows you
to link your exploration algorithm or
built-in python algorithms to the
modeFRONTIER evaluation engine.

Available both in the Scheduling mode
and the Process mode.

» Space Fillers
* Robustness and Reliability
» Statistical Designs

+ External Algorithms

pyDOE

Algorithm; pyDOE

- Parameters
Number of designs [1,256000]
Python script file

~ Advanced parameters

Reject repeated-designs




yCONSOLE

B e ‘ Cu
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n D | v. 1968 84 bit [AMDE4) | il
2 - on win32 wath &
" BodsFRONTIER intenration 7data = estecopy..internal.get_ table_rows('Results )
13 Type “help - Smetadata = ectecopy._internal. get_table_metadata|'Resulrs')
it = "-‘:‘n}'”l:i“"l Fo— Omatrix = np.array([row[@] for row in dats])
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16 e 12
o 12 KR = df[ defl_KR_B_Error’ ] unique()

14HN = dF[ defl_NN_B_Error’ ] unique()
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E 16
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This Python-based console allows to apply customized Python script to automate
the analysis and perform advanced postprocessing
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PYRSM - Train and evaluate

Options  View + J"rﬂ_ll_ﬂ?a:‘“:":”:' ----------
.4 VKRG a7
Er |i' E é{u rE r-E. /,ID ?.:I e a1 E-derivatiEUEE.ﬂ‘ﬁlﬁE-E
3.8 : ]
1import numpy as np ' Y
2 from sklearn.gaussian_process import GaussianProcessRegressor 32
3 from sklearn.gaussian_process.kernels import DotProduct, WhiteKernel 28
a 26 R e
5def train(inputs_values, output_values, input_names, output_name): 23 1 e P
6 X = np.array(inputs_values) 10 20 20 40 50 & 70
7 y = np.array(output_values) alpha
8 kernel = DotProduct({) + WhiteKernel(}
9 return GaussianProcessRegressor(kernel=kernel, random_state=8).fit(X, v) B
11 def evaluate(gpr, input_data): 1 0 0 P~ Y
12 predTest = np.array(input_data) o, freeieededed bbb L KRt 467 ] ]
13 gprPred, stdPred=gpr.predict(predTest.reshape(3,-1), return_std=True) A “démm?mgam — 3
14 return gprPred S IO N N N
19 UNIX insert windows-1252 !
oK Cancel -1III 12 2 4 5 6 F 82 9 101112 13 14 15 10 20 a0 0 a0 G0 Fa

beta alpha

Training and evaluation features
as modeFRONTIER native RSMs




PYRSM: Multi-fidelity RSM (Cokriging)

O P T I T

fiini AT T
R

U T
Snggl i)
e AEARE SN REREN, %ﬁ’,ﬁ%’;‘,ﬁ?ﬁf’ e
mmm l T 7 51
R
SRR T . ; i itv-

H W ] : .« Low fidelity: 30,000 elements (50 samples)

- C ZZas ——
_E _ SE=e ' « High fidelity: 150,000 elements (10 samples)

HEEARAEERENN! SNy = L H

AN -] B ' ]

: HNNN NESSS ?

e, ERREEEERRRARARAARTARAANS Tt =

I u SEELUARENNRY H N - =

5 LTI il S SLESSEs

s
,,,,,',';,l,l,l,l'l'nnnnmmnnn||||||||||||

T INEVRRARARARY ———
A 2

/]
I T

e @ R

ENABLE CREATE AND Training table: = RSM CDfﬂ[}ariSDn
SENSITIVITY CONFIGURE RSM Dataset
ANALYSIS MODELS . T
Validation: Output Name Mean absolute error Mean relative error Mean normalized error R-squared AlC
Create RSMs and configura the training model for each RSM. Not usec - i T g = o e ey
Cd Kriging_Random 3.86E-5 3.38E-3 719E-2 8.81E1 -1.74E2

EAHIERO Sensitivitv Analvsis:
import numpy as np

Pk : e et ~t = ot ¥ i | E = | 5 -1 1 2
bodde | i S L B o o s Cd Kriging_DatasetReducer 2.57E-5 2.25E-3 479E-2 9.48E-1 -1.80E2

wed
, ' Outputs: Cd 4 from smt.ap cations.mfk i_mi)ort MFE, NestedLHS N n . _ | - _ e - — - =
+ Creae ! 5  import pandas as pd Cd Cokriging_DatasetReducer 2.62E-5 2.28E-3 4 88E-2 9.61E-1 -2 09E2

Inputs: xC_LP1,xC_LPZ xC._I

Cd_PYRSM.1 5 Hdef train(inputs walues, output values, input names, output name}:
Algorithm: pyRSIM g

f LF poinTs LF group should be present in The Training table before the HF group.
- Parameters 1z :
Training Set 14 xx = np.array(inputs_valuss)
15 ¥Y = np.array{cutput_values)
ide Error Designs 1 x l=xx[0:n low]

Remaove Repeated Design: 18

Python script 2

eveal

12 L return sm

41 return y



& | Hlg Charts

PYRSM: importing

. . /- E
and combining —
different RSMs pata

Data_Training

Ciata_Training_2

Data_Validation

iy By By B B

Data_Validation_2

> (5] Charts (1)

« Simultaneously evaluate many
RSMs on the same point. Collect

predicted values and associated v [M Functions (1)
standard deviations and choose v W% RSM (2)
the best RSM. P x(2)

Wi x_GP_0 - { air_pressure, air_temp, alpha.... (4 more variables) }
7 x_NN_O - { alpha, beta, d,... (2 more variables) }

v By (2)
¥ v_GP_0 - { air_pressure, air_temp, alpha,... (4 more variables) }

i y_NN_O - { alpha, beta, d,... (2 more variables) }



Exchange data and tunctions interactively
between external Python environments and
modeFRONTIER with a set of dedicated APIs

= Code in your preterred Python IDE and
drive modeFRONTIER from there

" Deploy modeFRONTIER design space
datasets and functions directly into your
solver

= Configure modeFRONTIER plans and start
batch evaluations (not yet implemented)
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+ “To achieve a high level of digital engineering

- a

-‘ -

- - -ll
-

~maturity,.organizations must be able to
capture and automate their business,
engineering workflows, and processes:And,

l. =
.,

5 _ . f'E" -




Simulation operational challenges

Connect simulation data to
product digital thread

Enable non-simulation experts
to perform routine analysis

Version management and
traceability of simulation data

Deliver ready-to-use
CAE workflows

N

J
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Teams work in silos

Inefficient collaboration
between departments

: = Business '
¥ = T CAD
% Manager s Define E) Engineer

CAD Design
o_ Translate
Requirements ;_:
3 —
Select

Materials

Undetfined engineering
design processes

Baseline

EEE
Material
aterials

Prepare

@ Project Simulation >
< " 3% Be)  Desin Fragmented access to lots
||I
o of vendor-locked tools
= Simulation
a § Simulation . . .
& Access to simulation data is

liImited to domain experts

J
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Adopting SPDM solutions, but...

%ﬂg Capabilities

Low levels of CAE
workflow automation
and design optimization.

Embedded SPDM in PLM
ecosystems takes time

and customization efforts.

W People

Encourage use ot a common
SPDM platform instead of
In-house solutions.

Maintain adoption levels.

Eﬂ Company culture

SPDM ROI takes resources,
effort and time. Management
must be on board.

Mindset needs to change:
“We have always done it
this way”.




Imagine a digital engineering solution that...

Improves model-based design processes tor Multidisciplinary Design Optimization
(MDO).

Acceptance Realize Service
Test

= Exchange simulation data
across teams

= Share automated MDO workflows
with other subject matter experts

= Connect simulation to the unit
digital thread of product data
Development




ESTECO VOLTA

The digital engineering plattorm tor SPDM and Design Optimization.

Take tull control over the
engineering design process,
from simulation workflows to
high-level business decisions.

I
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What VOLTA can do for your organization

CAE

Process Integration

Web-based collaborative platform
designed for simulation-driven
product development.

Simulation
Data Analytics

Optimization

5 ::;' & Cloud




VOLTA Modeler

Map and standardize engineering design processes.

DATA

08
ARTIFACT

P

Map with BPMN 2.0 workflows to
formalize existing practices into
documented processes

Manage people interactions and
Integrate tasks in executable
business processes

VOLTA Service task: integrate simulation
workflows and perform design space
exploration studies

J
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VOLTA Process Manager

Execute engineering design processes.

Run processes created in the
VOLTA Modeler environment

Manage process sequence and deliver
tasks to the right resource at the right
time using a Kanban board

Ensure full traceability to keep
track of every action performed
during execution

J
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Maximize the enterprise-wide flow of data

Information tlows across teams, reaching the right people at the right time.

VOLTA

gme. Business Technical
= manager engineer
|l Set product ll I Identify performance B

metrics

KPIs

CAD designer Accelerate
N time to market
of truth for the

Single source ﬁ %
1 Provide g
engineering data CAD model

[ X )
[2o== A =
"\: 3 CAE engineer

Define parametric
design model

CAE optimization
engineer

P

Prepare simulation Run design e

Simulation expert .ﬁ”
T
a

workflow optimization




Democratize multidisciplinary simulations

Streamline expert simulation work and deliver automated workflows re-usable
by a wider audience ot engineers.

:i:“.t:’% Deliver CAD | Define simulation Provide experimental /
=@ § model y model functional models

. Run What-If-studies
o9 ®
& X N )
[ X N ] @
Singl DOE Optimization

Concatenate models into an
automated simulation workflow
ready to be executed




Extend simulation in B2B or B2C context

Enabling OEMs, suppliers and customers to collaborate with each other in real time

In this scenario, a supplier or customer can:

Connect to VOLTA and share their simulation
models

Modity, version or update simulation models
directly in VOLTA

Provide the latest simulation model which Is
automatically used in the MDAQO workflow

Supplier or Simulation Expert Technical Manager
Customer




Redesigned VOLTA architecture

Standalone and Cloud Deployment Options




VOLTA Player

Monitor and manage local and remote computing resources to run

complex simulations.

Smart use of computing Execute simulations in Exploit multi-core
resources to reduce parallel on ICT workstations, HPC clusters
lead time iInfrastructures and public clouds

O
ol L

— Workstation

A L

- =

J
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VOLTA Advisor

Create post-processing dashboards for analyzing design space exploration studies.

Full Optimization Study

S . Interpret simulation data with a wide
- array of advanced data analysis tools
and web-based interactive charts

Add Widget

Parallel Coordina
Full Optimization

Enable multiple stakeholders to predict
product behavior and share insights

Access simulation results and change
request in real time

+ Dashbeard i FEM Post-Process t

J
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Note

Save changes

Connecting Rod

A connecting rod is an engine part that eonnects the
piston to the crankshaft. It
reciprocating maotion of the piston into the rotation of
the crankshaft. The connecting rod is the engine
element required to transmit the compressive and
tensile forces from the piston to the crankshaft

converts  the

Connecting rod is used in internal combustion

engines and steam engines.
Materials

Most used materials for connecting rods include:

Steel

T6-26824 Aluminium Alloy
T651-7875 Aluminium Alloy
Titanium

Forces

Post Processing Two Levels Analysis

Connecting Rod Study
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Seamless 3D CAE visualization

Post-process CAD/CAE models from a web dashboard and share the insights
in real-time with other stakeholders.




3D Model Analyzer

Post-Processing tor:

= Structural CAE
® Scalar results
" Deformations
" Animations
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= Computational Fluid Dynamics
= Vector results
"= Ribbons and particles
= Animations




Interoperability with other enterprise systems

VOLTA APIs guarantees digital continuity: integration with PLM systems and
company’s digital thread.

VOLTA

a8
Enterprise

L
.

Custom enterprise
application




VOLTA API: verticalizations enabler

No IP-sharing requirements for customer’s custom-built extensions

Stable Documented Maintained
REST, JSON tormat for Documentation with At least Tor
request, response bodies changelog . 4 releases or

and errors . 18 months




VOLTA API: verticalization examples

Use VOLTA APIs to interact with VOLTA content and Its features.

Standard Configurable PLM
part part

runbox VOLTA to PLM Connector




Future Direction




The evolution of piIlOPT

This new optimization algorithm will build on
the very successtul pilOPT optimizer technology
and will cover an even larger range of
applications.

Focus on: e o

* High dimensional problems
« Intelligent use ot existing information
» Effective Pause-Restart option




Connectors SDK

A toolset to build your Connector

Python API

Introspection, input parsing, output generation

Build automation tool

Automatically validate and build the Connector

Documentation

Tutorials and reference material



Plan task node

o0 e
@ LA N
LA N ] [
Single run asign of expardments Gptirmizati
° . ° . = ; i
Testz =ngls design pont to s2: Cather infornation on system ptimal 5o
. hew the model beheves witha behavicur with a preliminary an sxisting
specific set of input valuss exploration of the design space alil ne

programmatic execution of Plans in the " -~ a
context of modeFRONTIER workflow. S i |

» Plans can be introspected and executed, ° Ef .
also sequentially, in the workftlow




Service Task

0 F O

. T ; &

Create services from a plan. By oo ‘ O
S e B .

: : : CAE ~ -~ - I_l
In BPMN: link business process level with S I
the simulation workflow. *- o e

e simulation worktlo 5 o0 o BN —r

App: create and share simulation apps - | Simttn ‘[ O senve
future. Empowers democratization. | B

BPMN /
standalone

- 4

© 2022 ESTECO SpA




New licensing scheme: what is all about

al VOLTA VOLTA
| Run -
2l E - 1
N "
: (B3 & =
15% 90% 90%
0% 50% 50% O
65% 18% 18% ‘
" _:__o,’
Execution Simulation workflow
[t comes at a fixed token price. Run any worktlow in any mode tor a fixed

token price and leverage distributed
execution for complex MDAO studies.




Scale up with a simpler
licenses scheme

New scheme

Application Server
Users

Tokens™

Optional Modules

*checkout doesn’t depend on workflow
complexity, parallelization and
submission type

Old scheme

Application Server
Full Users
Simulation Users
Tokens™*

Optional Modules

**checkout depends on worktlow
complexity, parallelization and
submission type




VOLTA to PLM connector

Standard part Configurable part PLM

,,,,,,,,,,,,,,,

Built in VOLTA, same for Configuration needed for every Adapter Is contigured to
all customers. customers’ PLM. match Customer’s PLM.



Digital Thread

= Traceability to VOLTA from external

systems: understand where models and
data are coming from.

= Enable Digital Thread throughout your
enterprise.




High Level Roadmap

What to expect in the next years



TODO

VOLTA Introspection

Actionate models on the web

Cameo Connector ©OnHold
Link VOLTA to requirements management

DOING

VOLTA to PLM Connector
Link VOLTA to other enterprise systems

VOLTA Service App

Create simulation services

VOLTA Cloud

New deployment option

Business Process Simulation
Simulation

3D Model Analyzer
CAE Post-processing in VOLTA Advisor

New Algorithm

Designed for an SPDM environment

Licensing
New VOLTA 2024R1 Licensing

DONE

VOLTA Service Task in BPMN

Create simulation services

Single Sign On
Improve VOLTA Security



TODO DOING DONE

Test run in CAD-CAE nodes Plan task node Python bridge for DoE
Test nodes before running the workflow Run multiple plans in the workflow Run python DoE in modeFRONTIER
RSM training in the Planner PYFRONTIER

Schedule RSM training in your plan Drive pyCONSOLE from python application

Connectors SDK New Algorithm

Create your own direct interfaces New self-adaptive optimizer

New batch JSON-based

New format for batch execution



ESIECE
USERS’ MEETING
NORTH AMERICA

Thank you!

esteco.com fHinNoNy qéé‘l

Read the ESTECO Copyright Policy © 2023 ESTECO SpA



https://www.facebook.com/ESTECO-166776810033909/
https://twitter.com/esteco_mF
https://it.linkedin.com/company/esteco-s-p-a
https://www.youtube.com/user/estecosrlsoftware/featured
https://vimeo.com/channels/1050665
https://www.esteco.com/corporate/esteco-copyright-policy
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