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A PLM Expert

KEONYS focuses on your entire product lifecycle.
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KEONYS

A simulation expert tfeam

D s A O

SIMULATION PROJECT

DESIGN OF
EXPERIEMENT
ADVl SE CO-SIMULATION OPTIMIZATION

We are listening to our customers needs and offer
the most efficient appropriate solution.

MULTIPHYSICS SCRIPTING
TRAIN - -
We offer a range of training to develop your (
knowledge and autonomy of these advanced
technologies . NON LINEAR
DURABILITY ANALYSIS

s

UPPORT

We help you on your simulation projects, remote or

’(r)onc;lss”e in order to maximize the mastery of your MULTIBODY
' SIMULATION

SYSTEM
ENGINEERING °
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FACTORS TO TAKE INTO ACCOUNT IN
COMPOSITE DESIGN:

Lots of datas to manage

- Material properties

- Laminates definition (Fiber Directions, Stacking, etfc.)
- Geometry

Balance between weight and design optimization

Handle frequent design changes for quick optimization

Manufacturing constraints must be integrated into the
design model

Simulate manufacturing during the design phase to
ensure designed intent and as-built model match
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TRADITIONAL
APPROACH:

design, analysis &
manufacturing not
integrated

CATIA INTEGRATED
SOLUTION:

allows to fully optimize
the complete process

DESIGN SIMULATION MANUFACTURING

MANUAL
RECREATION

\C.

N - - ManuAL

RECREATION

QO




COMPOSITES DESIGN

Integrated solution: DASSAULT SYSTEMES SOLUTIO

Maintenance
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Documentations
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Integrated Analysis with CATIA Analysis

V5 Integrated Link with FEA

Automated composite properties tfransfer
Linear and Non Linear Solver

Embedded optimization tools

Dedicated Post processing

Integrated Analysis with Abaqus

CPD properties imported info ABAQUS CAE

Bi-directional associativity between ABAQUS and
CATIA

Ply definition modified inside ABAQUS CAE can be imported
into CATIA CPD

Modification can be accepted or rejected by the CPD user
through an easy-to-use interface

Optimization capabilities with Isight

Buckling of a
stiffened panel
simulated

in Catia

ol

@ Stacking update and optimization
De5|gn Composites in CATIA

2
pS CATIA
Plles Import >® Plies Export

||||||

pS siMmuLIA
mABAQUS

@ Crash Simulation in Abaqus and
layup modification 10
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COMPOSITE SIMULATION ys
Keonys proposal workflow

‘Innovation & Productivité

COMPOSITE DESIGN

CONCERTUAL PRECIVIINARYS DEJAILED) ADVANCED

OCADANALYSIS
SIULATION SIMUATION SIMULATION SIMULATION 515




COMPOSITE SIMULATION

Trimaran usecase

TRIMARAN CROSSBEAM DESIGN

Trimaran crossbeam design will be used to illustrate
the composite workflow.

Step 1 : Conceptual design

» Define the concept: shape and concept (laminate, sandwich
panels)

Step 2 : Detailled design

= Take into account plies, stacking and draping BACK FACE BULKHEAD
CAREENAGE SUP

Step 3. Advanced design and local analysis

» Simulate advanced analysis ( Impact, delamination,
dynamics....)

!

CAREENAGE INF
» Local analysis ( joint and connexion)

Forward Crossbeam (cut-away)

13
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Conceptual simulation - overview

it

COMPOSITE DESIGN

Goals :
oq s ° CONGERIUAL ERECIVIINARYS DEIAILED) ADVANGED!

. . . SIVIULATION| STIVIULATION STVIBLEATION SIVIULATION|
® Isiteration of design
Conceptual models

@ Is'iteration of Structural Simulation:
- Linear static analysis, modal analysis, buckling

@ Stacking not taking into account

LOGALANALYSIS

Key values

® Quick evaluation between various alternatives
- Shapes, materials
- Stacking, plies number, fiber orientations, plies thickness
- Etfc.

® Avoids inappropriate Designs
® Solution easy to implement
® Full CATIA solution

Software :

® Design: Catia

@ Simulation : Catia Analysis

® Optimization: Catia Opfimizer

14




COMPOSITE SIMULATION

Conceptual simulation — Design iterations

BULKHEAD
BACK FACE

CAREENAGE SUP

|

CAREENAGE INF

Forward Crossbeam (cut-away)

Section CROSSBEAM

CAREENAGE

=

CAREENAGE
INF

Section
BULKHEAD

FIBER GLASS

FIEER
GLASS

2"d ITERATION
Change Materials

3¢ ITERATION

Change Stacking
Back Face

15



COMPOSITE SIMULATION Q{eongs

Conceptual simulation — Quick iterations

ZONE 1 ZONE 2 ZONE 3

Thickness fringe.1

FRONT VIEW m
396
) CATIA VS - [FORWARD_CROSSBEAM IT_3_1_ 1.CA ] 389
ZONE 3 ZONE 2 ZONE 1 (LTI e = 383
nuom - [iov%_-| o~ Ao+ | b -l -S| DAG QA S Bk P8w EL I i:g
Composite Concept Assignment u I g:
BACK FACE Cuncept‘ EH On Boundary
Material
T“";:"'Dt = THICKNESSES & FIBER ANGLES
Back Face & Careenage Zone 1
[45,-45,0,0,0,45,-45,0] s
Composite Concept Assignment E
Conce
7 BaCk Face & careenage Zone 2 Maleri: Sandwich - HoneyComb - Carbon E|
(45,-45,0,0,45,-45,0] s
6 Glass [09045-45,0]s :
Carbon 90 &
5 [0,90,45-45,0]s =
4 6 = \4
; : Back Face & Careenage Zone 3 S5RE . B9 @ KO EEY) NTEnAAsBT0EE 3 248 ' 2.
[45,-45,0,45,-45,0] s e ]
2 4
il 3 All Bulkheads [0,90,45-45,0]s
. 5 -45
PliN) 2
1 4 45
4 -45 Carbon HR Fabric 0.325
. 3 0
PliN) X
3 45 Carbon HR Fabric 0.325
2 -45
2 90 Carbon HR Fabric 0.325
1 45
1 0 Carbon HR Fabric 0.325
Pli N) [¢] "
Pli N° 0 Material Th (mm)
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Conceptual simulation — lteration 1,2,3, Results

DEFORMED & UNDEFORMED TSAIL-HILL CRITERIA : THICKNESSES
CROSSBEAM ENVELOPE ( All plies)
Translational displacement magnitude.1 Failure criterion (Scalar) (Tsai-Hilll.1 - Values discontinuous iso.1 Thickness frmga
mrn Qccurrence 1 mm
347
151
I 2;2 I 135 I 396
X . 12 389
e Known material selection o e e
= 0.903 g
] = 174 0753 195
e Stacking based on experience 159 0502 I Toe
104 0452 .
69.5 0.301 18.2
247 3.151 I 12.6
0
On Boundary On Boundary On Bounday
Tranzlational displacement magnitude.1 Failure criterion (Sealar) (Tsai-Hill. 1 - Values discontinuous is0.1 Thickness fr'%
ln) Qceurrence 1 mm
327
294 117
5 I 261 I 1.05 I 2:2
¢ Change materials 220 e o
. . . 163 0.703 "
d * Substitute Fiber Glass with Carbon 151 osto 195
2 " o 0352 18.9
y Eas 0234 18.2
. o 327 0.117
Iteration 0 : I 26
QOn Boundary On Boundary. On Bounda
Translational displacement magnituce.1 Failure criterion (Scalar) (Tsai-HillL.1 - Values discontinuous iso,1 Thickness fringN
m Occurrence 1 mm

309

I 278 0.866 40.2
oy I 0779

o 386
¢ Change Stacking s 060t 589
. 0519 195
¢ Add 90°plies on Back Face : o s I 189
G937 0.26 18.2

618
o 0,173 I 126

0.0866
a ] On Boundary
On Boundary On Boundary

17
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Conceptual simulation — CATIA optimization - Definition

Goals :

® Find the best design with optimization algorithms.
® All Catia parameters can be optimize

Key values

® Product Engineering opftimizee tools integrated
info catia

® Automatic evaluation
@ All Catia parameters can be optimize
@ Full CATIA solution

BULKHEAD
BACK FACE

CAREENAGE SUP

!

CAREENAGE INF

Forward Crossbeam (cut-away) boundary conditions & loads

HEP La=385mm
& L5=351mm
& L6=539mm
&P 17=565mm
HEP L8=303mm
BB Lo-asrmm
“ &P L10-451mm

=}
+@ Relations

@ CAREEMAGE SUP
{50 CAREENAGE INF

./ (PARAM ETE RS) t%suwms

\\\\\\\\\\\\

BULKHEADS POSITIONS

X Geome
85

rical Set.15
t@ Ref points bulkheads
B Ret

=~ & Finite Element Model.1

MNodes and Elements
TﬁEULKHEADS

B eack Face .

S5 cantenace s Local sensor ( Analysis parameter)

ﬁCAREENAGE INF

il sm ooth Virtual Mesh. 1

Py Mesh. 1

o
& Properties.1

Cas statigue

M aterial Is.1
Restraints.1
&

&=
? Loads.1

t%ﬂ' Static Case Solution.1

%;rret:rg\oba\et&) , v objective :

isplacement Vector., . . . . .

8 Dptement Vector <510 428 @ Minimize vertical displacement
according to Li parameters

18
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Conceptual simulation — CATIA optimization - Setup

OPTIMIZATION TYPE ORIGINAL BULKHEADS POSITONS

IMaximization

FORWARD_CROSSSEAM IT_1_1 (FORWARD_CROSSBEAM IT_111)

Target Value t-i D RO 111
o choss | SUPERPOSITION OF THE TWO MODELS

10n hf constraints !If(opwlzsn (FORWARD_CROSSBEAM IT_1.1.2)

4] opmizeD
Applcations

ASSOCIATIVITY WITH
GEOMETRIC MODEL

—

Optimizatic

s Links Manager.1

f Finite Element Model.1 | posien | conrans | conpuion iy
Opti tyPe: Mini V4 -]
Modes and Elerments | —opumized param frosua
ﬁ Finite Element Model.1\Displacer 510.428mm Select.. Ié gl::::i,;:iSRS::;N::“':,JLT:(-TJRW."RD,CROSSB[AMJT,LI n
BULKHEADS Target value: Minimum gl OFTIMIZED (FORWARD_CROSSBEAM_IT_1_1.2)
cﬁ e @ ormizo
BACK FACE Name Value Inf.Range  Sup.Range Step - H H Applications
ﬁ FORWARD_CROSSBEAM_IT_1_1\L1 485mm 400mm 600mm S5mm D Pa ra m ete r to O ptl m I Ze . 5
CAREEMAGE SILIP | | FORWARD_CROSS@A=rmtmttam————rarrrr woom™ o0 S ..
. FORWARD_CROSSBEAMITL1VZ  a7smm  4somm  7s0mm s Bu | kheads Positions PTIMIZED BULKHEADS P ITONS :
ﬁ CAREENAGE IN F FORWARD_CROSSBEAM_IT_1_1\L4 885mm 750mm 1000mm Smm o U S os o S .
FORWARD_CROSSBEAM_IT_1_1\L5 85lmm  700mm 950mm Smm
@Smooth Virtual M snwagn conssREm T 1 St s (BULKHEADS ARE COLOURED IN BLUE)
Edit list EAtranges enaeten)
Available
& Mesh.1 ’;\Igovilhm type : [Simulated Annealing Algorithm -
=1} B - Selected algorithm sett Procucti]
% Pro pe rties. 1 IrRunning an?t:'rlia e || T FORWARD_CROSSBEAM IT_1_1 (FORWARD_CROSSBEAM IT_1_1.1)
\Convergence speed : Medi - \ H FORWIARD_CROSSBEAM IT_1_1
ﬁ M aterials, 1 - iination criteria — A I go r I t h m S ty p e f.anM[zm (FORWARD_CROSSBEAM IT_1_1.2)
Maximum number of updates 200 OPTIMIZED
Cas statique D e R Lacal Algorithm For Constraints and Priorities e
aximum time (minutes) . . . .
B Restraints.1 = i Gradient Algorithm With Constraint(s)
ﬂ: sareoptimizatig dat ‘ Algorithm for Constraints & Derivatives Providers O | d . t . t
position (magenta)

New position (blue)

Sl Loads.1 - Run Behavior ) - ) !
N h—— Gradient Algorithm Without Constraint
ﬁ% Static Case Solutid = Disconnect Undo log

@ Sensors.1 - N
Run optimization |
ﬂ énergie IE \a oK | 0App|y| 0Cancel|

& erreupiobsies- VERTICAL
DISPLACEMENT

i Displacement Vector.2

ORIGINAL MODEL 510.428 MIM

E‘:; ‘Displacement Wector' =510428mm

Save data in Excel file

-—Ei? Relations
19
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Detailled simulation — Overview

COMPOSITE DES.LG N
. ¥ 4
Goals: e e o e

. . . SIVIULATION SIVIDLATION! SIVIUEATIEN SIVIUEATIGN
@ Parts with advanced maturity design \

@ Take into account manufacturing constraints: “o P
- Real fiber orientations
- Check Drapability

® More complex analysis
@ Ply drop-off and stacking defined

LOCALANALYSIS]

® Advanced meshing and simulations
- Static linear or non linear
- Thermal analysis
- Pre-stresses statfic.
- mulfi-step with complex loading.

Software :

@ Design: Catia

® Simulation : Catia Analysis (FMS-FMD-ANL-ATH) or ABAQUS
® Optimization: Catia Opfimizer or [SIGHT




COMPOSITE SIMULATION

Detailled simulation — Draping

Taking in account real fiber
orientation in simulation is
so important ? Example for Py 1, PA

350 mm

Theoretical
Orientation (0°

mm

11.4
I 103
9.15
801
. . o 6.87
Deviation = 11.18 572
4.58
343
2.29
1.14
o]
On Boundary

equence.1 With theoretical orientations
223 Pyl
&8 Producibility params.1 mg.s
Attributes ‘—‘ I 2:231
L—Geomemes i:zé
4 ply. 2 Drapability
3 iy 3 Simulation

4.15
3.32
249
1.66
0.83
0

On Boundary

With real orientations 22

Real Orientation '-‘.‘\\\\""-
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Advanced simulation — Overview

COMPOSITE DESIGHX
L]
G oda IS . CONGEPTUAL PREUMINARY BEIALED 4 ADVANGED)

. . . . STVIDLATION SIVIULATION SIVIULATION " SIMULATION
@ Parts with Final maturity design

® Take info account manufacturing constraints:
- Real fiber orientations
- Check Drapability

@ Advanced analysis:
- Buckling NL
Crash (Explicit)
Contact
Failure and damage analysis

LOCALANALYSIS)

»VCCT, XFEM, Hashing, cohesive elements....
Multiphysics:

= SPH, CEL, FSI

Software :

@ Design: Catia

® Simulation : ABAQUS with Composite Link and CMA
® Optimization: ISIGHT
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Advanced simulation — Abaqus

ABAQUS —————— Delamination and Crack
Best in class solution “ ‘_’ S . x Propagation (VCCT- XFEM) ( N

® Advanced technology for
realistic composite simulation

= Ply modeling e
= Draping s

. pos'es Pre / Post in
= Hashin damage , Abagus/CAE ,
= Cohesive elements Composites Crush

= Subroutines and (V)UMAT
= Material elements

Barely visible impacts

Ballistic Impact

= Contact
=VCCT - XFEM
= SPH

= CEL

25



ADVANCED
ANALYSIS

LOCAL
MODELING

COMPOSITE SIMULATION

Advanced simulation — Abaqus

CEL : Boat Slamming

“GLOBAL” composites joint modeling [

— “LOCAL’ composites joint modeling =

26
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Advanced simulation — Draping into Abaqus/CAE

II"§ Stacking(Engineering)

II" Plies Group.1
-—ﬁ'@ Sequence.l
=B Ply.1 N
—EI Producibility params //J
-—filtttributes /"f p

#P%

‘:’-'.C"fs_ﬁ:-f'rSd;?ﬂfﬂﬂ . SEIECON @ Eatire Stacking
T

B File Model Viewport View Part Shape Feature Tools Plug-ins Help ?

DT ESSING ¢ «LLINEE &)

< c ) Sefected Groups B @& @ DT B HE % ran detaurs 1®- ‘0
. e . ] oK - R,E :
*+- Auis Systent. I Model | Redits | CM Module: [5 part Bl Mmode:[{moderr [ Part[foiace  H
—
#-Geometries 008 AN L=
gﬁ P = s Model-1 (N
"
#-7% Sequence.2 Materal Excioce ol blade GladeLang) | (7 i)
™ 1454 GAC & Materials i
‘ﬂ $1454_GBO3 9, s
| & 51454 G803
& Plies & Ly
@ piy1 &
g:a L Renarme € piy2 e
| : B
Mash O Surtace Tessetation @ Plyd 3
M M Sag Value 005 i Ply5
omposite LINK dn sovn =
S @ 7 .
@ riys
C .‘I- M d I f = OHseyts Available Plies & Ply Material Ref. Angle  GPIyID (None Applic. Dirn. Angle Offset
' I I Core Sampie Range Angw T Pyl 1 Py 0 Original 00
O p O S I e O e e r O r 9 Mesh Fte ® o ) o2 | | 2 Iy STHS4 168031 900 ] 0 original 00
Plyl 3Py3 514546803 900 0 Original 00
M D\Temg\TEST ASSEMBLY CPEVbiace me: | & riy2 Ply.3 4 PR ST54IGE0EN 450N 0 Original 00
Abagus allows a bi- Coe Sl s 101_ e & e o e ———— oo 5
Fibes ANGES., Core Sampie (Theoretical) & riys Ply.5 @ Ply6  S1454.G803 450 0 Original 00
g 4 Ply.6 7Py7  51454G803 00 0 Original 00
. . . O Core Sampie (Actual) © Regenerated (Actual) Ply3 Ply7 i | 8 [Piy8T ] 5145416803 oo o Original 00
directionnal link between e i w2
@& ry7
DATemg\TEST ASSEMELY CPE\blade Layup _J p Péa B
CATIA Com ] nd o -
ompaositie a e 3 o sl

ABAQUS. Ex

[0

4| ] »
EROBE . & @
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COMPOSITE SIMULATION (Keonys

Advanced simulation - Isight Technology Overview

COMBINING THE POWER OF CATIA, ABAQUS and ISIGHT

Qptimization1

ISIGHT o —F—Bl—EH—82—-
o |I’1T69I’C1T|Oﬂ & exeCUTlon Of CurrenT TOO'S Excel CATIA Composite  Transferto Diraping and

Py FU” SUi'I'e Of powerful eXplorGﬁOﬂ TOO'S Parameters Model Analysis  ABAQUS Analysis
- Optimization
- Design for Six Sigma §
- Design of Experiments r
-+ Reliability and Robustness R
- Approximation models w il P

- Nested exploration / MDO | o T 1

C e, w . I
s 5 Lkl

® Interactive visualization to analyze alternatives sor%
® Abaqus jobs controlled by Isight use less tokens !

/7 . + Log. (batch size = 16)
Log. (batch size = 4)
- = Log. (batch size = 1)

Effective reduction from
default token usage
B
(=}
=

Number of runs (batch number) 28
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KEONYS OFFER
Training and Support: Solution deployement

Keonys

D @ O o O

ADVANCED COMPOSITE ABAQUS
* COMPOSITE LAYUPS USING ABAQUS/CAE
* SANDWICH COMPOSITE STRUCTURES

SYMULAYT TRAINING

\ CONECISITE  « PROGRESSIVE DAMAGE AND FAILURE PROJECI;
DRAZIIG * REALFIBER ORIENTATION Loy « DELAMINATION OF COMPOSITE STRUCTURES
j\j J \f]_) J « ADVANCED FIBER MODELER (AFM) JJ\J r\ ) '\r)J_) ("Jr\r“ JJJ\_]

LINK DRAPING TO ABAQUS ABAQUS
» ABAQUS LINK WITH CATIA (CL5)
* COMPOSITE MODELER FOR ABAQUS (CMA) J

&

DEFINE METHODOLOGY
Create Best Practices
Methods
DEPLOY METHODS
Engineering/ methods
/manufacturing

PRELIMINARY DESIGN WITH CATIA ANALYSIS
> INTRODUCTION TO CATIA ANALYSIS
> INTRODUCTION TO GPS, GAS, EST, FMS CATIA ANALYSIS MODULES
> PRELIMINARY ANLAYSIS DESIGN
WITHCATIA «  CPETO ANALYSIS
« XML METHODS FOR FAST ITERATION

IVIOLATE COIVIPOSIIE

INDUSTRIAL PILOT
Coaching and Support
for each industrial step

DEFINE INDUSTRIAL PILOT

* PLY, ZONE AND GRID BASED METHOD

=
O
-
)
'
O
v
Ll
=
Y2
O
o.
=
O
O
S
@)
-
o
L
(@)

DESIGNCOIVIPOSITE
WITHFCATIA

SETUP COMPOSITE MANUFACTURING IN CATIA CPM
*  ANALYSE PRODUCIBILITY
* GENERATE PLY BOOK.

COIVIPOSINE
THEORY

[ﬁ)
[ SETUP COMPOSITE DESIGN IN CATIA CPE

UNDERSTANDING COMPOSITES CHALLENGES AND BEHAVIOR
MATERIAL PROPERTIES

COMPOSITE PROCESS

ABD MATRIX

INTRODUCTION TO COMPOSITE FEM MODELISATION IN CATIA OR ABAQUS

Define parts
for the « end to end » project
Plan pilot respect to the
industrial calendar

AUDIT
project and process classifications
Define priorities

30



e CONCLUSION

® DASSAULT SYSTEMES OFFERS BEST IN CLAS TECHNOLOGY FOR DESIGN COMPOSITE:
- ALLOW PRODUCT DESIGN? VIRTUAL TESTING AND ENSURE MANUFACTURABILITY
- END TO END INTEGRATED ROCESS
- SCALABLE SOLUTIONS

- 3D EXPERIENCE WILL EXTEND A MORE INTEGRATED SOLUTION BY EMBEDDING CATIA, ABAQUS and ISIGHT

® CORRECT SIMULATION TOOLS NEED TO BE USED SIMULATION AT THE GOOD TIME:
- IT’'S NOT NECESSARY TO USED ADVANCED SOLVER AT EARLY DESIGN STAGE

® KEONYS WILL HELP YOU TO DEPLOY THE FULL COMPQOSITE SOLUTION

31



THANK YOU Keonys




