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e 12 years of experience in composite
simulation
— Aerospace, Automotive and Ship
building
— Aeroelasticity analysis
— Static, Buckling and Dynamic analysis

— Composite certification/verification for
aeronautical industries

e R&D and founded project with
Innovative composite material

— Green composite research with ALENIA

— Nanotube application on composite on
“TOP” project with ALENIA-THALES
Space

e Training and technological update
— Know-how transfer
— Training on the job
= Software development for composite
optimization
— Dedicated interface for CAE solver

Middenuliiere
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Problem Iintroduction

e Problem description

e The IDA [intelligent Decision Advisor] software

was been used to design a new layup for the full
rear wing sport car and to investigate about the
best position for the internal spar:

— assure adequate static capability and buckling performance

— assure the required stiffness for the auditor certification

— assure high flexional frequency vibration

— reduce the weight respect to the actual design

— define the best spar number and position
- e e




BET0AT problem introduction

e The external shape cannot be
modify

e 250 ply shapes are available :
e angle ply step by 5° i

e each ply can be chosen from
a material list

e The problem has about 800
iIndipendent parameters

The rear wing | N
model —
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BieNlliManufacturing description in the FEM

e Example of the
available shapes
for the plies
geometry

for each shape a cost

estimation can be computed:
IDA can handle the final

manufacture cost reduction
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£xenildiManufacturing description in the FEM

e The internal wings
have been filled with
spars (50 spares)
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IDA - intelligent Decision Advi

IDA is a algorithm able to
improve the design in the

=y real world environment

(limited time, limited

resources, complex problem)

IDA has been developed by
EXEMPLAR team. It collects

O—0U—0— 10 years of experience on
o o soffg3  MnsoM05 runsol0S aps optimization problem for the
subcase_1 subcase 2 in dUStry.
VCOLLAB =1 ;
VCOLLAB e DA is also available as a
plug-in on iSight process
A4
The iSight-FD workflow
with iDA used to solve

HT structural problem

A
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exemplar Why m ?

The multi-disciplinary optimization problem dramatically
Increase the design parameter: in the real world, the
number of design parameter is huge, and only an efficient
exploration of their interaction can achieve a innovation
design.

For engineering problems many optimization method are
available. EXEMPLAR experienced that all of them have a
maximum number of design parameter limit, because
they are “generic” method.

In the classical optimization methods, the user cannot
supply his knowledge about the studied system.

The aim of IDA method is allow the expert to supply all
available useful information which can help the

exploration [ne;ho o-Feach-itsseeals




gei The &M method

e |DA can be “briefly” defined as a drove

DOE
p - e The uniform distribution, h, should be
i such that with N steps, the design
h variable can reach its limits.
N . ‘ = iDA heads the exploration box with the
A '< y ;' g _user knowledge to reach the desired
target

Mass

TARGET
PERFORMANCE




senls - Dahd composite

GLOBAL LAYUP SEQUENCE: the independent plies PLY NAME

iodenaaere:

Ply shape #1000
Ply_shape #1010

Ply shape #1012
Ply_shape #1020
Ply _shape #1000
Ply_shape_ #2040
Ply shape #2045
Ply_shape #2044
Ply_shape #1072
Ply shape #1045
Ply shape #2040
Ply shape #2045
Ply shape #2044

Ply _shape #1072
Ply shape #1045

ANGLE

angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°

MATERIAL

Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
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e In the composite design, iDA doesn’t
considered the parameter like
thickness, angles or materials as
cardinal numbers, but it manage
them as “configuration state”

e A stochastic distance is defined for
each design parameter: the ply
shape, the angle and the ply
material;
the list table of all these parameters
Is a “configuration state”

e The Euclid distance between the
configuration state and the user
desired performance is automatic
computed based on the user physics
consideration.

e At the step -0-, each parameter has
the maximum distance to the desired
target performance

GLOBAL LAYUP SEQUENCE: the independent plies

PLY NAME

Ply_shape_ #1000
Ply_shape 21010

Ply_shape_g1012

Ply_shape_ #1020
Pty_shape_ 21000
Ply_shape #2040
Ply_shapa_ #2045
Fly_shape #2044
Ply_shape #1072
Fly_shape #1045
Ply_shape #2040
Fly_shape #2045
Ply_shape #2044
Ply_shape_#1072
Ply_shape_#1045

ANGLE

angle=45"
angle=0"
angle=90*
angle=0"
angle=45"

angle=45"

angle=0"
angle=0"

angle=90"

angle=45"
anghe=90"
angle=45*
anghe=0"
angle=0"
angle=45*

MATERIAL

Mat=A
Mat=B
Plat=4
Mat=C
Mat=C
Mat=A
Mat=B
Mat=A
Mat=B
Mat=A
Mat=A
Mat=B
Mat=C
Mat=8
Mat=A




gens idahd composite

GLOBAL LAYUP SEQUENCE: the independent plies PLY NAME

{)e_rformanc

;
i

Ply shape #1000
Ply_shape #1010

Ply shape #1012
Ply_shape #1020
Ply _shape #1000
Ply_shape_#20a0
Ply shape #2045
Ply_shape #2044
Ply_shape #1072
Ply shape #1045
Ply shape #2040
Ply shape #2045
Ply shape #2044

Ply _shape #1072
Ply shape #1045

ANGLE

angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
amglle—0”
angle=0°
amngle=05°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°
angle=0°

STEP -1- ! first design exploration

MATERIAL

Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Wist=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=A
Mat=8
Mat=A
Mat=A
Mat=A
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e The history of the evolution of each
design parameters (shape, thick, mat,
etc..) and the history of the evolution
of the performance’s “configuration
state” are related such as a cardinal
ordering in the stochastic metric is
created

e The stochastic distance of the
parameters is used to chose which

parameter will be in the next iDA
step perturbed

M

R
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Dxhd composite

GLOBAL LAYUP SEQUENCE: the independent plies

PLY NAME

Pty_shape_£1000
Ply_shape_21010
Ply_shape_ 21012
Ply_shaps #1020
Ply_shape_#1000
Ply_shape_ #2040
Ply_shape #2045
Ply_shape_ #2044
Ply_shape #1072
Ply_shape_ #1045
Ply_shape_ #2040
Ply_shape #2045
Fly_shape_ #2044
Ply_shape_#1072
Ply_shape_#1045

ANGLE

angle=43*
angle=0"
angle=30"
angle=0"
angle=45"

angle=45"

angle=0"
angle=0"
angle=90"
angle=45"
angle=90"
angle=45"
angle=0"
angle=0"
angle=45°

MATERIAL

Mat=A
Mat=B
Mat=A
Mat=C
Mat=C
Mat=A
Mat=B
Mat=A
Mat=B
Mal=A
Mat=a
Mal=B
Mal=C
Mat=B
Mat=a,




gens idahd composite

GLOBAL LAYUP SEQUENCE: the independent plies PLY NAME ANGLE MATERIAL

Ply shape #1000 angle=0° Mat=A
Ply_shape #1010 angle=0° Mat=A
Ply shape #1012 angle=0° Mat=A
Ply shape #1020 angle=0° Mat=A
Ply shape #1000 angle=0° Mat=A
Ply shape #1000 angle=0° Mat=A
Ply shape #2045 angle=0° Mat=A
Ply shape #2044 angle=45° Mat=A
Ply_shape #1072 angle=0° Mat=A
Ply shape #1045 amgle=00° Mat=A
Ply shape #2040 angle=0° Mat=A
Ply shape #2045 angle=0° Mat=C
Ply shape #2044 angle=0° Mat=A
Ply shape #1072 angle=0° Mat=A
Ply shape #1045 angle=0° Mat=A

rformanc

STEP -2- : next step design exploration

L
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Interface

sExemplar

e DA has a GUI to quickly setup the
engineering problem.

# Component Editor - IDA x|

"Settings Design Parameters | Eanstraints | Objectives |

Active Name Lower Bound Value Upper Bound | Allowed Values | Main Directionl
v 'ﬁ-IICKNESS_ 0.8 0.7,0.8;0.9;1.0... |Decrease | |
hdabezcipton v THICKNESS_... 0.9 0.7,0.8,0.9;1.0... [Decrease =]
v THICKNESS_ ... 1.0 0.7;0.8;0.9;1.0... [Decrease -]
3 per step 10 v THICKNESS_ ... 0.8 0.7;0.8;0.9;1.0... [Decrease |
I0.1] in33 v THICKNESS ... 1i5 1.2,1.251.3]1.... IDecrease -]
seon follow m... 10.9 Vv THICKMNESS_... 0.8 0.7,0.8;0.9;1.0... [Decrease  -J
plumbe re-sxscutons aled un 3 ~ THICKNESS_.. 08 0.7:0.8:0.9:1.0... [Decrease fll
v THICKNESS_ ... 0.8 0.7;0.8;0.9;1.0... [Decrease
v THICK =
THICK ; ; =
el Setup the iDA design e
2 THICK
rmiek parameter, allowed parameter
2 THICKI )
~ e can be:
¥ Execute in Parallel ™ Conteol with extemal paramesar g :'I:::gz
¥ Craata ave .
- . 2 THICK| @
-l Setup of the iDA strategy. E——maq = continues number, i
7 Evit Firat A v THICK]
I siop whn . vITHeK e gflowed number list
ol «the number of exploration e o © A0 ed number lis
I Runis ; . _
""" steps and the population, z ;g;g;N ~strings Tist. guration) . =4
[7 L A - AR b i L / & & & 2 i Edi sl —

2.8 | 25767728, [Decrease | L‘
Edit Selected | Edit All |

— | =the available distance to
the desired target based on
| physic consideration

| Cancel I Apply |

Help |

Modenaraere;
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The D& GUI

e Constrains and target can be defined

using engineering sense.

Setup of the problem

constrain:

5
e .a A"
- “Gettings | Design Parameters | Constraints Ohbjectives |
Bl = = Active Name Direction Value Weight
A | THICKNESS_PSHEL... | 1 a
r Eigenvalue_1_sub122 = 1
4 \os| Design Parameters. Constraints | Shjectives| I _
\/‘Qve Name Lower Bound Upper Bound Weight Soft :: Setup the deSIfed
1/(\ Cycle_1_sub120 17.3 1 -
v Cycle_2_sub120 [36.2 1 -
v Eigenvalue_1_su...|0.8 1 ||: Sy Stem tar g et’
v Eigenvalue_1_su...|0.8 1 = _ - =
[ iass : r do not use the minimize
v NumEle_Yonmis... 2 1 ||: . . t
v NumEle_Yonmis... 2 1
£ R — 2 ! F or maximize concepi,
NumEle_¥i is... 2 1 ' -
TR 2 : r but define the engineer
v NumEle_Vonmis... 2 1 r -
v NumEle_Yonmis... 2 1 [ deSIrEd System
v NumEle_Yonmis... 2 1 r L
v NumEle_Vonmis... 2 1 o
v NumEle_Vonmis... 2 1 r
~
v
=
-
=
-
-

e “engineering soft” constrains

ags!

Edit Selected

o

THICKNESS_PSHEL...

=

THICKNESS_PSHEL... = 1
THICKNESS_PSHEL... = 1
THICKNESS_PSHEL... =1 1
THICKNESS_PSHEL... = 1
VCOLLAB & 1 R

EditSelected |  Edital |

Apply |

=

ok | cancel |

] 15137111 17
ioienaiaere:

oK cancel | appy |

Help I




£e10The final recipe: @8 &

e The IDA generic interface can handle all
kind of optimization problem

e But a dedicated interface has been
developed for a quick composite
complex problem setup, based on rules
design.

e In the current example the

‘&Componeﬁ&“cc.—-Exe’.’mrpuenlmmaa:: S_'tran iS used_

"Options | Parameters Running | Resuits| Grid| Composites | Symmetry|

~Runtime Options
Nastran executable: |nastran 7 Browse... I
Config Fide.|cumer? g0 ISUFT|Componf| Test_Trave_a_TWNCConfig_trave_] tet “ Browoe l A Roud Filu I
ROCE FRlOI [ ocumme tPOL_svikppo_TSUFTIComprondi\ Twst_Ottiszzamore_Panemlo_sr\test _t_oolf01_v2 bt  Browve.
Staug BOL 101 Ended paroing fle 10811 _sol101_v2 bof = Reod File
| ¥ie | Ut I i Vil [ Nastran Input [eest_t sol101_vz.bdf
|0 WocumentPCL_sviluppo ISUFNCo, - -
Nastran options:
mem MB
parallel processor(s)
- scratch directory |
Read the native solver eront
= ptions |
input file )
wmeowt | [t run the solver in batch
— &) mode;
o it fi -
I™ Log Standard Emor 1™ Gave modifed input fle(s) G the grld Computer )
I~ Log Standard Output 17 Read autpud file {° 10%)
Logatmostis W4T Usw 0 orcocusbon system can be used to

o s |

yiodenaliere —_—
| ,

run parallel solver
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The final recipe: @8 &

I

ExeComponent4Abaqus and
ExeComponent4Ansys are also available.

" II:IIA'I =
ol 1 sedldy ren sol1DS rum sodl 05 By
subiase | subcase_2
E)Compon nt Editor - ExeComponent4Nastran _>g
'EXgComponent4Nastran Execon poner {ANastran
NS C 2 >
oS ete: |'Running| Resuits] Grid| Camposites | Symmetry| PR EarSETS) R Resuts [T EST RS )
E]';;t;aor;\E \JV_ LAVERG_ 1001_MIDI WELGE T Nalue = Output File: lD:\.document\,PCL_sviluppo_ISUFI\,Compositi\,Test_Ottimizzazione_PanneIlo_irr\,test_l_sollOl_v M
] ERG [~ |LAYERG_1001_SOUTI YES : Status |
E j:ﬁ;ﬁém [~ [LAYERG_1001_THETAI 0.0 yee: SR UT Ended parsing File MJ
2 ™ |[LAYERG_1001_TI 0.21 -
- PCOMPG " |LAYERG_1002_MIDI 1 Valnam FinAbshajor_subZ0 Nare T 0E1\'cf|ac|Iue &
L] toot " |LAYERG_1002_SOUTI YES I~ |minAbsMinor_sub20 1.0E100
be-1aml 1045 " |LAYERG_1002_THETAI 0.0 [~ |maxStress)_sub20 1.0E100
jigzg [~ |LAYERG_1002_TI 0.21 I~ |maxStressY_sub20 0
{8 " |LAYERG_1003_MIDI 1 [ |maxshearStressiy_sub2
. @120 [ |LAYERG_1003_SOUTI VES ™ |maxMajor_sub20 /t read the SOIver reSUItS
(-] PLOAD4 = 0.0 [ |maxMinor_sub20 .
- 0.21 [~ |max¥onMises_sub20 [
Automatic read all the : Fmesstes s | @Nd create many special
YES I~ |maxAbsStressY_sub20 reSUItS for the
0.0 [~ |maxAbsShearStressiy_s
FORCES, MA TERIAL, and 021 [ |maxAbsMajor_sub20
. e, . [ |maxAbsMinor_sub20 - -
the ply definition from 2 & Namoas 2 Falues 3 composites, like the ply
3.567 i e - -
ol ol & [Max_Fail_Index_Ply_sub1
the native input solver 0 PRI strains, bounding stress,
[ |Dir_Fail_Index_Ply_sub1
p—— YES —meer Py Fame sy COUNT the number of
n ﬁ:gz;-:gg:-:rET*' 3.156? [~ |Index_Ply_Fail_Index_Ply] ..
31006 . [~ |Max_Fail_Index_Ply_subJ
I~ ILAVERG. 1007 WiDI 2 C vk Pl crjtjical elements on the
" |LAYERG_1007_SOUTI YES I—  [Dir_Fail_Index_Ply_sub2d
[~ |LAYERG_1007_THETAI 3.567 1=l

ST ALILSEA SLEA LB LA |

0K

| Cancel | Apply |

Ay

<

OK I Caricel




senThe final recipe: @8 &

e Local layup rules
8 symmetric and balanced
8 external wrapper
8 sandwich behaviour, etc
e Global layup rules

8§ Defined by the shape of the
manufacture

%> Component Editor - ExeComponent4Nastran x|

Options | Parameters | Runnina | Resuits | Grid | Composites’ Symmetry

Index Activate Rule GPlyId 1 GPlyId 2 Target ID 1 Target ID 2 Angle Rotation
Py, s v 1000 2000 Symmetric =]/ 4|
Selected \ GPlyId Name MatID Deletable Symmetric Bi ] | 1005 3005 e :
r l 1 1001 ‘ 1 [ [ 3 | v [ 1030 | 1080 | 3030 [ I =
r 2 1002 external ply skin 1 v v
r 3 1003 external ply skin 1 v v j
r ; 017 {otomaliyain| 2 v ; Another special table
r . L e “ - define the structure
r 8 1022 HC SPAR3 2 ] r
D ¢ | Dwens | B [0 rules for the symmetry |
- 11 1020 ) — O
r ) B of the structure, from a
= For each ply, special C ) i
D : C point of view of the
- rules can be defined, L roperties and of the
~— | like the allowed material - prop
mw /jst, or if the ply can be x =
“: removed and/or mOVed rr_ Delete Selected l Activate all | Invert Activation | Add Rule I ImportRules | Export Rules I
r - L v Mirror ha mode
C in the stack sequence, £ G e
= - - = oor I @ XY [ Mirrorthe loads %2 ¥
F or if it has to be st . e i

balanced and ok | cancel | anoy Help |
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e 131 function evaluations have

Results

been used to reduce weight Initial ;5 A Result| Variation
) i Design

and achieve the desired
Mass of the 0

performance component 1 0,847 | =15.3%
Regt‘ijf'frr?enggnt 0,893 | 0,952 | +6%

e 15.0% weight reduction on the
initial design Flexional freq. 21,17 24,5 +14%
IDA mass

1711,

value history

mass tot [kg

penaiaere =1




sexemplar Results

-

Static deformation under pressure load

First buckling eigenvector
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Sobonm i Complexity

e Questions?




