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A path to simulation-based engineering

Amount of testing needed

New generations of products are being developed with
less and less testing, but this is not a straightforward |

journey
*  Simulation credibility has to be bullt brick-by-brick TESTING

e \alidation criteria should be defined in advance

1. How do we know enough data has been
acquired to validate a certain model?
2. What are necessary tools/scales to build
model credibility? i
Confidence in simulation
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A word about EIkoSim
FikoSIim

« Mission: Bridges the gap between physical testing and
numerical simulation in structural mechanics

« Technology: Utilizes Digital Image Correlation (DIC) to align
simulation models with real-world experimental data.

« Value Reduces costly physical tests and optimizes designs
through accurate simulations.

* Industries: Aerospace, defense, automotive, energy, civil
engineering.
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What 1s Digital Image Correlation?

DIC Is an optical measurement technigue that
measures displacement and strain fields by
following a pattern in a series of images

- —————
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EikoSIm

Measure kinematic fields from
images (multi-camera systems)
Collect complementary test data
(strain gauges, LVDT, force,
temperature, etc) on the 3D
model

Natural simulation compatibility
thanks to mesh-based image
processing



Subset-pase vs FE-Based DIC

CLOUD POINT MEASUREMENT CLOUD POINT MEASUREMENT MESH-PROJECTED
(camera reference system) (part reference system) MEASUREMENT

Reference system transfer Mesh mapping
(Tools ? Errors ?) (Tools? Errors ?)
Subset-based DIC
FE-based DIC
(o) MESH-BASED MEASUREMENT
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Applications

DIC covers

- Quasi-static testing

- Dynamic/vibration analyses
- Crack propagation

- Thermo-mechanical testing

EikKoSIm




Vibration test with SAFRAN Landing Systems S SAFRAN

LAMDING SYSTEMS

= « Structure: hydro-mecanic actuator

O ‘ | ‘

= « Testing: certification on resonance mode

8 « QObjective: validation of the numerical simulation

- .

-8 .‘ﬂ_  Multi-cameras system (1000 hz)

= « Measurement of the displacement and deformation
8 » Global comparison between test and simulation
v _ * Displacement measurement on the simulation mesh

2 “‘\VAVA .ﬁ;vf;, A ﬂ\f « Manifestation of a behavior that had not been

Q@ v vV predicted by the simulation

« Simulation update directly from the test results

EikKoSIm



Bird impact test with Saint-Gobain (’E‘ﬂ

— SAINT-GOBAIN
2 ‘ ‘
o Fomposwtne panel \mpact fest
T ¢ 'Radome’ composite
O .
@ material
5 * Dynamic testing: stereovision at ,
-_'g 1000HZ l»pbuvmml"l“um) t=0.001s t=0.0011s t=0.0012s t=0.0013s
© * Displacement field measurement
v on the FE mesh
o
% s e
= o o
7 B - iZomos « Deformation pattern as a function of time
L 8. .. e Comparison with the FE model
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Study %

EikoTwin
DIC

OBJECTIVE: Assess the possibility to determine mode shapes and frequencies using DIC

Use of synthetic test data:

Choice of a use case

Computation of mode frequencies and shapes using FEM simulation
Creation of a displacement field mixing the modes through time
Creation of virtual images using the displacement field

DIC measurement using tiko Twin DIC

Application of a code under development to determine mode shapes and frequencies
Comparison with the FEM simulation

N OO AW N e
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Use case: Model Wing

EikoTwin
DIC

Pinned at I1ts base

EikoSim 1




Computation of the 5 first modes using Abagqus

U, Magnitude

+7.960e+01
+7.296e+01
+6.633e+01
+5.970e+01
+5.307e+01
+4.643e+01
+3.980e+01
+3.317e+01
+2.653e+01
+1.990e+01
+1.327e+01
+6.633e+00
+0.000e+00

T

T

U, Magnitude
+1.063e+02
+9.749e+01
+8.862e+01
+7.976e+01
+7.090e+01
+6.204e+01
+5.317e+01
+4.431e+01

- +3.545e+01
- 4+2.65%e+01
- +1.772e+01
- +8.862e+00
- +0.000e+00

Mode 1 - 116 Hz

Mode 2 - 405 Hz

EikoSim

agnitude

+1.496e+02
+1.371e+02
+1.247e+02
+1.122e+02
+9.974e+01
+8.727e+01
+7.480e+01
+6.234e+01
+4.987e+01
+3.740e+01
+2.493e+01
+1.247e+01
+0.000e+00

Mode 3 - 633 HZ

U, Magnitude
+1.472e+02
+1.350e+02
+1.227e+02
+1.104e+02
+9.816e+01
+8.589e+01
+7.362e+01
+6.135e+01
+4.908e+01
+3.681e+01
+2.454e+01
+1.227e+01

- +0.000e+00

0‘\

Mode 4 - 761 Hz

U, Magnitude
+7.174e+01
+6.576e+01

- +5.979e+01
+5.381e+01
+4.783e+01
+4.185e+01
+3.587e+01
+2.989e+01
+2.391e+01
+1.794e+01
+1.196e+01
+5.979e+00
+0.000e+00

Mode 5 - 822 Hz

EikoTwin
DIC
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Application of a scaling factor on each mode

EikoTwin
DIC

Mode 1 (116 Hz) Mode 2 (405 Hz) Wode:3 (858 He) ) Mode 4 (761 Hz) ___ Mode5(822H2)

400

200 0
50

0 -100 ! ! ! - T T T
300 200 -100 0 100 200 -300 -200 -100 0 100 200 -300 200 -100 0 100 200

T T
-300 -200 -100 0 100 200

Scaling factor Scaling factor Scaling factor Scaling factor Scaling factor
0.002 0.001 0.00067 0.0005 0.0004
0.05 0.1 0.15 0.02 0.06 0.1 0.02 0.06 0.02 0.04 0.06 0.01 0.02
EEES——— EEE———— EEE———

Applied displacement magnitudes

EikoSim 13




Generation of a 5000 Hz signal during 30 ms %

— Displacement of a node along X,Y et Z with an acquisition frequency of 5000Hz and a scale factor of 0.002 EikoTwin
0.02 . . 0.04 . . ; 02 . . DIc
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0.1 . ‘ . ‘ ‘
0.02
0.01 0.05 ]

0 of :
-0.01 -0.05 7
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! ‘ o1 | | | | ‘
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0.01
0.005
0
-0.005
i { ‘ | -0.01
0 0.005 0.01 0.015 0.02 0.025 0.03
0.02 . . : ; 0.05 : : . , : . : :
0.02f 1
001} : 001l )
of 1 of . of 1
-0.01 i -0.01 i
-0.02 1
0,02 | L ! L 0.05 ‘ ! ) ‘ L I ‘ ! L
0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03
3
001 : ! ; : : 002 ! ; ; : : 210 ; ! ; : :
0.005 [ § 0.01 . 1 g

of 1 of . of 1
-0.005 1 001} 1 4 1
001 | ‘ | ‘ ‘ 002 ‘ | ! ‘ ‘ 5 | ‘ | ‘ ‘

0 0.005 0.1 0.015 0.02 0.025 0.03 o 0.005 0.01 0015 0.02 0.025 0.03 0 0.005 0.01 0015 0.02 0.025 0.03

Creation of sinusoids for each mode
Sum of mode displacements at each node and each time value

EikoSim 14
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Generation of a 5000 Hz signal during 30 ms

EikoTwin
DIC

Example for a node on the winglet (X, Y, 2)

EikoSIim s



R File Edit Render Window Help v Scene

2. W Object Mode ~ & 200D v | cameraperspective /
(1) Scene Collection | imported_mesh ) Scene Collection
{ ] Test Lol ]
= i P » (W) imported mesh @
v Mesh g | 5 ; T Comera on
{ % - on
{ : ] cam12tage @ @
Unit length: MILLIMETERS H 5 cam 2 °

User Perspective Workspaces
(1) Scene Collection | imported_mesh Load example

Name... imported mesh

maIA

Jiqueig

o (Generation of

synthetic images
P | . o | with standard
S ?'557' | levels of Image
e - —— e noise

Preview displacement

EB Add environment mesh

v Cameras

Diqualg

n

8 Add camera
Compute/Update depth of field

W0 - Jiqualq

sjooL

i TR e LY Input of the FE

Output ... CiUsersiL...mp_0.001\ @&

m— e = mesh+fields

¥ Add noise

i o e B output of images

Add intermediate images

Multiplying factor
 Render and export

» Render
Select cameras to render

cam 1 cam 2
Load result(s) and render images

> Export

Export projection matrices

IKOSIM
[ 1 1 1 B




—ikoTwin Virtual: consistant test specification

N7

EikoTwin
Virtual

Anticipate and solve

experimental pain points

* Visualize the test scenein a
virtual setup

* Ensure cameras are
positioned adequately for
optical measurements

Design the optimal setup

* Select the most relevant
locations for both cameras
and sensors

* Deform the structure
virtually to estimate
measurement errors

* (Create aninstrumentation
map to ensure a fast
preparation phase

EikKoSIm

EEEEN 1y



Use of EikoTwin DIC to process the images %

EikoTwin

DIC

|4 EikoTwin DIC - MT_Modal Wing_freq_5000Hz_Amp_0.002

File Display Options Help

Images ) Mesh )} Pre-Calibration ) Calibration ') Displacement -

[ vesn | [ P s | Chen s

Paosition uncertainty N
D_tip_top

(®) pLOTS

Plot list 2.00E-1
D_tip_top
D_tip_bottom
1.50E-1
1.00E-1
Create Remove
5.00E-2

Plot details

Axis X FLEERE

-1.39E-17r\ r

—

— D_tip_top_DispX (mm)

— D_tip_top_DispY (mm)

t
. -5.00E-2 D_tip_top_DispZ (mm)
D _tip_top
bottom
-1.00E-1
DISPLAY
-1.50€-1 U

Field

Remove rigid body
. X 5 .
Warp factor Dlspla(l:ement Z (mm) w 2.00E-1

-1.98e-02 4.13e-02 .02e-01 1.63e-01 2.25e-01

Colorbar
-2.50E-1
0 50 100
Time
View style
Output -
MESH ORIENTATION N° MESSAGE TIME a
3 Project C\Users\Lucas\Documents\Philippe\COMMERCIAL\Marketing Technique\MT_Modal\Wing\d. Cases\Freq_2000Hz\Amp_0.01\MT_Modal_Wing_Freq_2000Hz_Amp_0.01.ekt opened. 10:13:26 AM
-
7 Opening project Ci\Users\Lucas\Documents\Philippe\COMMERCIAL\Marksting Technique\MT_ModalWing\d. Cases\Freg_5000Hz\Amp_0.002\MT_Modsa|_Wing_Freq_S000Hz_Amp_0.002.ekt... 1:00:42 PM -

)

L

L
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Determination of mode shapes by SVD

DIC

F

-300
X

EikoSim

Mode
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Mode
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400
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400
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0.015
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%

EikoTwin
DIC
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Determination of mode frequencies (FFT)

EikoTwin
DIC

Displacement of a node along X,Y et Z with an acquisition frequency of 5000Hz and a scale factor of 0.002

Frequency found = 117 Hz (the right frequency is 116 Hz)
T T T T T 0.05 T T T T T 0.2 T

Mode 1 abaqus along X | | Mode 1 abaqus along Y
Mode 1 detected along X Mode 1 detected along Y

T
Mode 1 abaqus along Z
Mode 1 detected along Z
\

7 AN

1 116 117 125

-0.02 4
| | | | | 02
0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03
Frequency found = 410 Hz (the right frequency is 405 Hz)
T T T T T 0.1 T T T T T
o[ I i\ O] N
00 Mode 2 abaqus along X Mode 2 abaqus along Y’ Mode 2 abaqus along Z
Mode 2 detected along X Mode 2 detected along Y |, Mode 2 detected along Z
‘ ANNR ) T
: | : VAV 2 405 410 40
-0.02 ul
. A 01 L L L L L

0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03

01 Frequency found = 645 Hz (the right frequency is 633 Hz)
. T T T T T

Mode 3 abaqus along Z

repemr 3 633 645 656
T

Mode 3 abaqus along Y
Mode 3 detected along Y

Mode 3 abaqus along X
Mode 3 detected along X

) 002 L L L L L
0 0.005 0.01 0.015 0.02 0.025 0.03 0

Frequency found = 762 Hz (the right frequency is 761 Hz)
T T T T

I r\’

0.02

Mode 4 abaqus along Y
Mode 4 detected along Y
Y TTTT

4 761 762 /81

0 0.005 0.01 0.015 0.02 0.025 0.03

Frequency found = 820 Hz (the right frequency is 822 Hz)
T T T T T

' ' ' ' ' 5 822 820 844

Mode 5 abaqus along Z
Mode 5 detected along Z

) 0 0.005 0.01 0.015 0.02 0.025 0.03

Applied mode

EikoSim Detected mode =
EEEE

0 0.005 0.01 0.015 0.02 0.025 0.03



ntegration

EA EikoTwin DIC - Modal Analysis
Fichier Affichage Options Aide

a

R — s (image 1/ 149)

Images Maillage Pré-Etalonnage Etalonnage Déplacement Analyse modale a
@ maLaGes Maillage
@ Maillage de simulation

@ Maillage de mesure

() ANALYSE MODALE EXPERIMENTALE

—_ :
e ) AFFICHAGE
4

Mode 1(0.0234375 Hz), X (mm)
9.46e-04

-
Champ

Facteur de déf.
Facteur de déf. —
Barre de couleurs Visible Auto
-

(2) ORIENTATION DU MAILLAGE

Max
X+ X- Y+ o
Min

Style de vue

Integration currently being done in EikoTwin DIC
« Probable release end of 2025

EikoSim

Ce document confidentiel est la prop
EEEN

Barre de couleurs

234375 Hz), X
Mode 1 (0.0234375 Hz), ¥
Mode 1 (0.0234375 Hz), Z
Mode 1 {0.0234375 Hz), normal
Mode 2 (0.08203125 Hz), %
Mode 2 (0.08203125 Hz), ¥
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Conclusion & next steps

« DICis able to measure displacement over the whole surface of the sample, for 3D

shapes, at high speed
o We confirmed SVD+FFT was able to ind mode shapes and frequencies with acceptable

accuracy
« Accuracy is dependent on amplitudes and we can determine beforehand
« Maximum amplitude based on usual measurement accuracies

« A probable limit frequency
« Integration work is currently being done in EikoTwin DIC — we're looking for use cases!

EIkOSIm Ce document confidentiel est la propriété d'EikoSir 59



Questions?

Download our White Paper |

Simulation validation
through the prism of optical

measurements

1.2 Are DIC measurements an industrial solution to the
problem 2 challenge of validation robustness, sinca @ allows €5 users 10 capture mass

Digial Image Correlation (DIC) is a measrement technique that processes proaches are wail adagied 1o comuae point choud displacement data
pictures taken from cameras to track and record the surface motion of a et el _'.m Al

deforming solid. i the mechanical engineering field, it has been widely
wsed to monitor and process test data in both research and dustial

However, perspective, this because.

data needs 1o be compared to rumenical simuation resuls (yDic
produced by FE sofware such as Abequs of Ansys) which wil be expressed on
nodes and elements of a finte element mesh. This seemingly simple difleres
acaually creates a discomect someemes we call “two-screens syndrome”, wh

FOLLOW US

inloly

www.eikosim.com

EikoSim
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