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EnginSoft at a Glance
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. E_ngi_nSoft is_, a prem_ier consulting ; — g
firm in the field of Simulation
Based Engineering Science o OF

(SBES) INDUSTRY 4.0
« Multi-national company, with more -
than 200 experts in Virtual

. e | INTERNATIONAL CAE = m
Prototyping and Optimization =W shD EMBTTIY B0 .|

* Deliver commercial & customized
solutions featuring best-in-class

CAE software, advanced training www.caeconference.com
. i ion C Ital
and technl_cal support | VikenzaComenenCate(i i
« 30 years history and relationships
worldwide
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EnginSoft’s DNA: Different by Choice
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Engineering Consulting

CAE Software Solutions
' Customized Training

Funded Research (*)

Sl B (*) EnginSoft is a research center for numerical

%
Q i‘ﬂri methods in engineering acknowledged by the
» "

Italian Ministry of Education, Universities and

000 1 30+ Research
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Our skills
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Fluid
Dynamics

Fatigue and
durability

-
»
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2019

Crash and
fast
dynamics

Process
simulation

performance
computing

Tolerance
Analysis

Enviromental
and
Vibroacustics

Optimization
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The technologies

Global Product Data Interoperability Summit | 2019

NANSYS
/

l',d wode FRONTIER 3} ™ [ RA/I\ SN II/
SIMSQLID/ T U FORGE Nx1.7 JE—
" ACRECURDYN )

8T Ls-DYNA / @ Sigmetrix ELOVVEX

/ / SIMULATION ENVIRONMERNT
A

_— newmerical — .

TEcHNoL s [ Total Nlaterla/ ——

; ,V - @9%%%:2%??% 2 0 1 9 —— GPDIS_2019.ppt | 6




Agenda
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« Dynamic Digital Twin

* Meta Model or Surrogate Model
« Complexity and Reliability

* Development of Meta Models
 Calibration of Meta Models

« Take Home Message
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With an estimated 21 billion connected sensors
and endpoints by 2020, digital twins will exist
for billions of things in the near future.
Potentially billions of dollars of savings In
maintenance repair and operation (MRO) and
optimized loT asset pbelrformance are on the
table.

David Cearley, VP of Gartner

Is It a hot topic?




Digital Twin
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e NDiAi i Top 10 Strategic Tech Trends 2018
Dlgltal representatlons Of a p gggartner.com/SmarterWithGartner)

“real-world” entity, system, .

-gl\l\
process Intelligent
« Mathematical models ellige

 In the context of IoT (Industry ﬁf@

4.0) they are linked to real- a T ka mem
world objects e
* return the state of the '
counterparts 5 s &1 @3
° respond in stantaneou S|y to 4 Digital Twins Cloud to the Edge Cor;ll::fs:rtri:‘mal ér::::::z
changes N
* improve / predict operations Mesh
@ = N
0-0 ?

Risk and Trust
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Digital Twins In CAE Industry
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1960 1975 2019

Digital Virt Digital
Mockup Twin

ON LINE SENSOR DATA
- CAMERA

- ACCELEROMETER

- GPS

- GYROS

HUMANIINTERFACE '
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Digital Twin Development Steps
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THEORY CAPTURE
Vb - fac

N Ty NDERSTAND |
\XVZ 73 U] S /0

( ar pX +q=Q KN@WLE D@ E \C;ARLEI?)LE'E

XK= 6- &
X@J £ 5 TRANSLATE
f()()'fanx (

s l——— SUPPORT MODEL

‘model” is an abstract
representation of the
selected phenomenon.

. /
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Digital Twins as Part of a Digital Ecosystem
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COMMUNICATE AGGREGATE

MODEL - DIGITAL TWIN
Mixed Reality World

Habtic Devi Positional and
aptic Devices directional sensor 11
(measurement | ¥

section} /

Creation of virtual
computer generated
images

Head-mounted display
(HMD)

CREATE
ANALYZE

p Merging of real
S T images with
T, _ computer
= =55 »~J generated images
GUI
ACT INSIGHT
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Digital Twin General Specifications
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feren B e s

 leverage engineering knowledge | 5
* introduce machine learning
* Velocity

e computational power, data
storage, infrastructure

« develop & optimize kernel models

« adjust the optimal level of detail

« Standardization [ A RECURDYN

* highest possible value and best
chance of success
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Complexity vs Reliability
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Match Experiments

/{ RECURDYN
(@ ENGINSOFT
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Digital Twin Purposes Drive the Design of Support Model
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) A RECURDYN ms = 016011000 ¢ 2] A RECURDYN

z .
W 1.00000e+002 '
8.88889€+001
[ 7.77778e+001
] . L \ B oo b s . o
e without lubrication i with lubrication

B 2.22222¢+001
W 0.00000e+000

Digital Twin of an Engine (e.g. queried by the ECU)
Goal: correlate the chamber pressure with piston side motion

What to consider in the support digital model?

£
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Digital Twin Purposes Drive the Design of Support Model
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Link-To-Link clearance? Teeth chamfers / fillets? Lubrication or not? Motion irregularities?
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Digital Twin Purposes Drive the Design of Support Model
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P A RECURDYN
Ge \o/ e o Particleworks — W . &
) \fbol\,//70 . i : ‘ j : B - = .
ety
. Lubricant
Viscosity
(Temperature)

Filling Level

Filling Level

o

Is lubrication always guaranteed?
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Support Models for Digital Twins are not “Out-Of-The-Box”
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Meta or Surrogate Model or Response Surface Model
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* Model that approximates a more complex and higher order model
* return close-to outputs for same inputs
« for dynamic models could be an algebraic or differential model
» developed on experience basis
(i.e. fitting N-dimensional data set) ’{ RECURDYN
« developed on theory basis
(i.e. mathematical equivalence)

* Necessary when the support model is
too computationally expensive ’ ‘

* large non-linear MBD models
e any combination of MBD, FEA, Control,
Analytics, and CFD

(no gravity tests need to be virtual)

't?;w ;&?%Lo’k;é’%%ﬁ f."TT 1‘2 2 0 1 9 GPDIS_2019.ppt | 20



Theory-Based Support Model & Meta Model
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sea-floor

0
\ dp dvn =
4 + P dvn P dvi

dt
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Simulation/Data-Based Support Model & Meta Model
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Height 4| »| 0.000 m 0 mm
Length ¢ | »| 0.800 m 800 mm
Speed Al 1 >l 1330 m/s 4.68 km/h

Force Peak Value [N]

FX Peak FY Peak FZ Peak

The solution is an algebraic meta model

Instant Response!
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Introduction
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€ Workflow
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Propeller thrust & drag force calculation
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| 4 Method 1 (Experimental model)

Calculate the force using Ct, Cp graph which is from experiment in steady-state
Appropriate for small-size propeller model

T :trust

V T P CT P:power_ _
J=— C=——F Co=—3—= 7= J— C; :coefficient of power
nD pn’D* pn°D? C )
P C, :coefficient of thrust
n:RPS
o density
McCormick, B.W., "Aerodynamics, Aeronautics, and Flight Mechanics," Wiley, Second Edition, 1995.

€ Method 2 (Blade Element Model, BEM)

Propeller thrust and torque are computed by integrating the equations of the elemental thrust and torque from root to tip of the blade
Appropriate for large propeller model

If user doesn’t have experimental data

Axis of rotation

Plane of rotation

dF,

GLOBAL PRODUCT DATA
||||||||||||||||
’ S UMMIT
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Experimental method
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€ Approach

Super-Nylon propellers

ATNG DIUDT13 ELECTRIC

Master Airscrew Electric

€ Super-Nylon propellers 9x6 in dynamic state

DI Dynamic 007 Dynamic
— RPM: 4000
0.12
0.06
0.10
0.05
0.08
0.04
5 o006 o
0.03
0.04
0.02
0.02
e 0.01
—0.02 0.00
0.0 01 0.2 03 0.4 05 06 0.7 0.8 09 0.0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
J J

< Variation at each RPM is negligible — Can be represented in 1 graph
< Since the model size is small and experiment data also have, RD construct the model using method1

PR 2019 oros 2082




Control model
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Simulink
* Necessary Simulink toolkit : Aerospace blockset
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Demo video
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Surrogate Model (Digital Twin) Generation & Calibration
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Learn from data (measured / simulated)

* need large database to properly map the N-dimensional world
Generate (fast) mathematical models

« parametric physics-related models

« parametric advanced interpolation methods
Calibrate the mathematical models

* tune the parameters to achieve good matching with initial database
Calibration is an iterative process

 number of virtual runs grow with N of parameters and N of objectives
A well calibrated meta-model is reliable with restrictions

« for the set of I/O considered upfront

« for boundary conditions set upfront

PR 2019 cpos 20



Calibration is the Link between Support Model and Meta Model
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i i i
600 1200

Heavy / CPU-demanding MFBD Model

Surrogate / Real-Time Math Model (DT)

must return same
outputs for same
inputs
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Get the Reliable Meta Model (Digital Twin Engine)
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Multi-Dimensional Calibration is a Hard Challenge
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 Artificial intelligence explores the
multi-dimensional domain looking for
best matching (Pareto’s frontier)

* By experience...
« dynamic models are well captured only
by theory-based models
« manufacturing plant models can be well
represented by abstract meta models
- guality of achievements strongly
depends on the initial amount of data

A RECURDYN
(@) ENGINSOFT

PR 2019 apos s



Generation of Large Training Data in Acceptable Time
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SEQUENTIAL RUNS

A( RECURDYN

PARALLEL RUNS

&>

[ v
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Design Case#2

v
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Parallel Processing (SMP)
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Response Surface | Artificial Intelligence
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Take Home Messages
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« Meta-Modeling appears to be the only approach that opens the road to

Digital Twins of Dynamic Type.
e analytics is not a standard approach and requires high skills (not common)

* Dynamics is strongly non-linear, causing the need a huge amount of
data to assure adequate level of reliability

* Development of Dynamic Digital Twins is an expensive process
* need many physical experiments (laboratory and prototypes)
* need many simulations (large calculation power and software)

« Simulation is still the cheapest approach to generate data

for Digital Twin development
« cost of SW and HW constantly decreases




Thank you!
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« James Crist
e James@enginsoftusa.com
* (469) 301-2343
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