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Trendy posledni doby:
- Multi — oborova analyza (struktura, proudéni, EM)
- Optimalizace
- Zmeénove smycky
Uvidite priklad vyvoje radomu (krytu radaru)
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Jaké ukoly radom plni?

- Strukturalni: kryti citlivych mist predni ¢asti trupu (podminky proudéni, naraz krup a ptaka,...)
- Aerodynamické: snizeni odporu, rdzové viny....

- Elektro-magneticke: propustnost signalu

et T
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Specifika kompozitnich dild:

Priprava CAD
Vrstveni

Mesh

Properties
Poruchova kritéria

Zatezne stavy:

Manévrove a poryvove
Pristavaci
Havarijni

PROBLEMY, KTERYM SE NEVYHNETE

STRUKTURALNI SIMULACE

Agplus®
IDIADA

- g CS25.631

Flight load cases

indentation delamination

cracks due to cracks due to
bending stresses shear stresses

Delamination

{(g;\l PUBLIC 6/33
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v/ Ply-1 Ply-3 Ply-2
Pfiprava CAD g il

I
Vrstveni
3 - 8
8 3DEXPERIENCE | SIMULIA Model Assembly Design Laurent PETIT + e & 2
es - ® & e R
8 ‘Materisl Editor  Lxtragos Composite A1 x  Catalog spp - Composites_  Catalog app - Composites. >
.
Properties

Composite Grids meshing

Model  Batch Medeling Setup Product Edition View ool

CTY R T
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Typicky tenkosténny kompozitni dil:
- Shell 54/53 elementy

Inzenyrskeé hodnoty materialu v lamine
- Souradny system

*ELASTIC, TYPE=LAMINA

© This is the same as TYPE=ENGINEERING CONSTANTS
© Itrequires specification of E, E5, vq2, G132, G13, G23.

Elastic
Type: Lamina v ¥ Suboptions
Reference plane [ Use temperature-dependent data
tnd / Number of field variables: 07
t= 0.
t=0 Moduli time scale (for viscoelasticity): Long-term  ~
L=
t= [J No compression
t=
t= [J No tension
3 Ply. +——Ply names Data
t Ply.50
: P E1 E2 Nu12 G12 G13 G23
t 1
t
t

Plane stress assumption
Thickness values

Integration 11 1/Ey  —va/E; 0 011
points E320 = |—vy2/E; 1/E, 0 032
Y12 0 0 1/Gy5

Off-plane shear refinement.
Layup: “skin_layup™

. Plot of plies 1 to 15, of 15.

Y13 = 2843 = 013/Gy3 Y23 = 2€23 = 023/G2a
J12

Fiber angles, Material names
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Fibre failure under . Matrix failure under e load
s tensile load compressive load tensile load shear load compressive foa
VUhOdnocerﬂ IFF1 IFF2

X X3

. s JU T

‘ (5555 00000
00000 X

06000 2 T ooood/] 0oooo|

IO0O0C 00000 12 o000l 00000

000!

7

Kazda vrstva diiiiit

Vlakno, matrice
- Poruchova kritéria A

00000PO000
[elele]s™ elelelele]
[o]e]e;- . [s]e]e]e]e]

| ’ I I I I ' I
COMPOSITE FAILURE CRITERIA
12 -
—
—
o — DEPENDENT --—_1 INDEPENDENT —
:IL Quadratic failure criteria in These criteria identify key failure
o comlpo;ite analysis, bqsed on modes in composites, aiding
(=T -1 experimental data, predict failure progressive damage analysis.
= under various loads. However, Non-dependent modes focus on
D=0 9 they often overlack diverse issues like fiber fracture and
’1 E damage mechanisms and material matrix cracking. Two sub-groups
! — L 4 horr:fgene'g’ ":"F"ac"n.? e address failure prediction
/ modes. In biaxial tensile stress - .
'," ﬂ scenarios, compressive sirength _conjn.plexmes, enh?ncmg the
o can also complicate predictions. reliability of composite structures.
=
Boaf ) / \
=
= NON-INTERACTIVE INTERACTIVE
This category consider siress and sirain
1 T POPULARFAILURE This cotegory neglects stress and sirain interactions within a lamina, improving
, CRITERIA interactions within & lomina, leading to errers failure analysis under multiaxial loading and
/ in multiaxial stress states. Non-interactive enhancing predictive reliability.
/ Tsai-W eriteria illustrate this, compromising failure
// @i L , 1 . | . [ . 1 . i , a I ‘U prediction accuracy. I
S 0 0.00 .01 [T) 003 [T 008 TS""_H'"_
, Strain (E11) AzziTsol I Puck
g (1 D) E Hoffman Maximum stress [ —— Hashin —
/ - e T art-Smil
S/ Chamis criteria criferia
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Predpisove pozadavky CS25.631:
- Vg =700km/h = 200m/s pro L-39C

Skutecny ptak Certifikovany ptak Hydrodynamicky FEM ptak




STRUKTURALNI SIMULACE
BIRDSTRIKE

- Dynamic, Explicit
- SPH castice v Abagusu

*SOLID SECTION, ELSET=BIRDSET, CONTROLS=EC-1, MATERIAL=BIRD
*SECTION CONTROLS, NAME=EC-1, ELEMENT CONVERSION=YES, SPH CONVERSION=PER ELEMENT, CONVERSION CRITERION=TIME

11,1

1,0

Agplus®
IDIADA

pusc  11/33

*MATERIAL, NAME=BIRD
*DENSITY

8E-10

*EOS, TYPE=USUP
1.45E+6, 0, O
*VISCOSITY

1E-09
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Radom na L39 je dokonaly, ten uz menit nebudeme!
Ale je spousta retrofit programd....
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S21dB vs. ThicknessLaminate_f=9.4GHz
7 S : I

5]

$21dB vs. ThicknessLaminate_f=9.4GHz

. S~

Tloustka pény [mn o5

203
[dB]

—Theta 0°

04
05

0,6

05 06 07 08 09 1

11 12 13 14 15
Tloustka lamindtu [mm]

AntennaMagus

CST Studio Suite

= F-solver (A+R)
- ;5:5 Export Models
s Uni-Dir
o —unora Model 1 AntennaMagus SOLIDWORKS
(d8i] Bi-conical radome model.
il
e
Hii Model 2
Multilayer Bi-conical radome madel.
-180 -150 -120 -90 -60 -30 O 30 60 90 120 150 180 dielectric properties of each layer
30 ey thickness values for layers 2 - 9
» —r modeL
20 /\ NFs
15 —:m-gum
ni-Dir Adv
p ¥ — Bi-Dir
@8l o il
1o [ . & f \
5 I ]
-10 ‘P r\f | B 8 I V\( |
-15 ‘ ! i X
20 [l

-180 -150 120 90 -60 -30 0
Theta [°]

30 60 90 120 150 180
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Nekonecné rozlehlé pole, které je vybuzené pomoci Floguet portl ve Frekvencnim solveru.
Sendvicova struktura (laminat, pena, laminat)

Simulace prenosu s, pro:

- Uhel dopadajici rovinné viny (6, ¢)
- TE a TM polarizace

- Tloustka peny

- Tloust’ka laminatu

mmm ﬂ

Péna 0.004
Laminat 3.23 0.004

wuw 0°9
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E 2 EMAG SIMULACE i
j UNIT CELL

- S-parametry jsou zavisle na: 0 0,00 m><w
- frekvenci, 0T — | 10,00 ! // A
V4 . V4 -20 \ ) ’
- uhlu rovinne viny, 30 L I //
v v . s I \ / o 20,00
- tloust’ce peny a laminatu. -40 - 2 \
(@] | [ [dB] /
-50 -30,00 ] /
_ i e f=9.4GHz
60 i —=5 -40,00 \ a1 | t,=6mm; =12 mm [
-70 =511 i \ T Su =0
-80 1 1 1 1 i 1 1 1 1 _50’00 L L L L i i iy
8 85 9 95 10 105 11 115 12 0 10 20 30 40 50 60 70 80 90
f [GHz] Theta 6 [°]
0,00 [ = r*-s\\ //«—-’ 0
\ -
-0,50 i / x // / 01 e__——e&_—»e_;b “——\,\\’
_1100 &u_\\_.-a /) ! |
150 | \AY‘/ 0,2 B - Theta 0" | f=9.4GHz
’ I \\ Sn g3 | —~Theta 30°|[ 4=1.2mm
2,00 L | =Theta 0° \ [d B] 0’4 L | -—Theta 54° ©=0 P
-2,50 - Theta 30°|| = 94 6Hz AN i //
300 k A t=1.2mm \ 05 P
’ [ [+ Theta 60°|| ¢ =0° S 1 \"--_,_ B Sy ~
Created using -3,50 -0,6 .
SIMULIA CST Studio Suite® 3 5 7 9 11 13 15 17 19 21 23 05 06 07 08 09 1 1,1 1,2 1,3 1,4 1,5

Tloustka pé&ny [mm] Tloustka laminatu [mm]
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-0.0384
-0.1
-0.2
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-0.4
-0.5

-0.557

-0.0919

-0.16
-0.22
-0.28
-0.34
-0.4
-0.46
-0.52
-0.589

521dB vs. ThicknessLaminate_f=9.4GHz 521dB vs. ThicknessLaminate_f=9.4GHz

TE polarizace

05 06 07 08 09 1 11 1.2 13 14 15

3 6 8 10 12 14 16 18 20 23 " -
Tloust’ka laminatu [mm)]

Tloust’ka peny (mm]

521dB vs. ThicknessLaminate_f=9.4GHz 521dB vs. ThicknessLaminate_f=9.4GHz

TM polarizace

3 4 ] 8 0 12 14 16 18 20 23

Tloust'’ka pény (mm] Tloust'’ka laminatu (mm)]
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- Zavislost s, = f(0,¢) pro optimalni tloust'’ky vrstev te,,. = 6 MM a t  inate = 1 MM.

S-Parameter [Magnitude in dB] S-Parameter [Magnitude in dB]
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- Radom je navrzen pro anténni pole na frekvenci 9.4 GHz (X-band).

AntennaMagus

[air-filed \/"dielectric-filled \
Resonant
No feed
O Endfed 1
(O Endfed 2
O Center fed 1
© Center fed 2

Indluding feed

O End fed with feed
O End fed feed 1
O End fed feed 2
(O End fed feed 3
O Center fed feed

Traveling wave

O Alternating 1

O Alternating 2

O Non-alternating 1
O Non-alternating 2
(O Alternating with feed

Planar slot array, center fed, resonantly spaced slots, optimization < >

Linear resonant
slotted-waveguide ar...

N

098

Centre-fed linear
resonant slotted-wav...

0.98

Linear resonant

slotted-waveguide ar...

0.98

Linear travelling-wave

slotted-waveguide ar...

0.91

Linear travelling-wave

slotted-waveguide ar...

N

Traveling-wave series-

fed rectangular micro...

&

0.81

Goals

N NN
| N\

bemm-

Ao

9.39 9.4 9

frequency[GHz'l .

1 9.42

Frequency Band

f 9.4 GHz |
o
o

{Click on the left bar to see other Objectives)

Radiation Pattern
G 23 dBi

{Click on the left bar to see other Objectives)



EMAG SIMULACE Arplus’

AntennaMagus 3D MODEL RADOMU @) rsc  22/33

Home Libraries Toolbox
] [ —
1z 0O - <&

Specifications  Substrates  Waveguides Connectors Radomes

Reference Materials Components
Name )
~-Please Select a Value / Enter a Search String-- - " x
--Please Select a Value [ Enter a Search String-- z
e radame Tangent Ogive Spherically  Parabolic Series Radome Conical Spherically
Conical Radome ] 57 50 Suie Blunted Radome Blunted Radime
Conical Spherically Blunted Radomg
Elliptical Blade Radome Export Models

Elliptical Radome

Haack Series Radome

Parabolic Series Radome Bi-conical radome model.
Power Series Radome

Secant Ogive Radome

Model 1

Model 2

Tangent Ogive Radome Multilayer Bi-conical radome model. The thickness and

. ) dielectric properties of each layer may be adjusted. Default
Tangent Ogive Spherically Blunted | thickness values for layers 2 - 9 are calculated within the
Vion Karman Radome model.

&, EBxport Model | =

Physical Description
Each radome profile has an overall length (Ln). a base radius (Rn). a material thickness (Tn). and a material relative permittivity (er). In the profile definitions. y is the radius at any point x along the dashed centre line. with x varying from 0 at
the radome tip, to overall length. Ln. The radome is formed by rotating this 2-dimensional profile around the dashed centre fine.
The bi-conical radome consists of 3 cone of length Ln1 stacked on top of a conical frustum of length Ln2. The base radius of the top cone is Rn1, The top radius of the conical frustum is Rn1 whilst the base radius is Rn2.

Ln2 -
= Ln1

X

Bi-conical Radome
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Shells and Sheets
i —2hell Solid or Thicken Sheet..  _ _ _
L Solid to Sheet Conversion
Solid Coordinates Revert to Solid
Local Solid Coordinates » Simplify Sheet Metal...
Layers X
Type: | Stackup v [ ok |
Material name Thickness [cm] Rotation ang Cancel
1 BASSCHENTMWSSCHEN flaminate. /01 | -
¥ 2 MWSSCHEM1/MWSSCHEMY/foam + 0.6 I
I 3 MWSSCHEM1/MWSSCHEM1/Laminate -~ 0.1 | Help
4 - e oe = = -"- - md
x

Up Down Insert Delete Delete Al
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. Nabizi se nékolik moZnosti: Far-field source (FFS). Near-field source (NFS)

- Full 3D (T-/F-solver)
- FSS nebo NFS (I-/A-solver)
- Hybrid solver:

o Uni-directional
o Uni-directional advanced
o Bi-directional

Created using
SIMULIA CST Studio Suite®

Create Simulation Project

h Select Block Representation
B Al Blocks as 30 Model

| E All Blocks as Schematic Model
Array Task

() - . »
Machine Simulation Sequence

> Uni-/Bi-directional

Hybrid Solver Task
Biased Ferrite-EM Coupling Uni-directional (legacy)
EM-Thermal Coupling v |
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dBi
238
18.9
14.1
9.25
14
-0.45
-5.3
-10.1

dBi
25.3

14.3
10.7
7.07

-11.1
-16.2 -14.7
F-solver: Volny prostor  F-solver: radom a anténni pole. Near-Field Source (NFS) FarField Source (FFS)
P . - ‘ dBi
~ 255 25.5
21.8 21.8
18.2 18.2
14.5 14.5
10.9 10.9
7.27 7.27
3.64 3.64
4.67e-05 0.00113
-3.64 -3.64
-7.27 -7.27
-10.9 -10.9
-14.5 -14.5

HS: Uni-Directional

HS: Uni-Directional Advanced HS: Bi-Directional
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Korelace jednotlivych vyzarovacich diagramu a jejich 20 =
vypocetni narocnost jz i _Iff’s |
ooy | e
(dBi] 0 ; W Wi = Bi-Dir J
10 [l b A TR #(/f
Vypocetni | CORREL | CORREL 20 Akt -1l | G 'll"jf_-
as (%) | (0= 0°) (0 = 90°) 0 MR WHE
-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180
F-solver (A+R) 100 (4h35m) Theta []
30 :
F-solver (A) 2.72 : : 25 L[o=90° f\\ T olver (ArR)
FFS 0.1(17s) 0.862 0.734 - BN — Ui i
A A === Uni-Dir Adv
NFS 42.42 0.874 0.737 p o o f@m \!ﬁj[ u{{m‘ I ST
R [dBi] ety YA T la WA
HS: Uni-Dir 23.63 0.860 0.797 o Lo A w | 4 .m' oy //fﬁ\.,m
HS: Uni-Dir Adv. 30.99 0.845 0.819 10 T - \M \” A A ? Wf " Yv-f‘;‘.? |
HS: Bi-Dir 77.68 0.860 0.833 20 L S L P P L S

-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180
Theta [°]
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Vypocet Boresight error (BSE)
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—<BSE - Elevace
—-<BSE - Azimut

_____________________________

______________________________

____________________________________________________________

i
_____
[}

________________

_________________

_____________________________________________

_____________

Scan angle [°]

Azimut & Elevace (Scan angle).



UDER BLESKU

CONFIDENTIAL

V pripadeé zajmu nas kontaktujte.



Arpl
EMAG SIMULACE OIADA
UDER BLESKU

pusc  29/33

Pridani segmentovanych pasku na radom - vytvoreni

kanalu pro odvod blesku. 20 L e=0° —Segmented strips

Without strips
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Legacy programs

DOE

S = B
CATIA VS CST CFD Abaqus

Optimalizace na 3DExperience
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Simulia Vam nabizi kompletni simulace radomu:
- Elektro-magnetickeé simulace

- Simulace proudéni

- Strkturalni simulace

3DExperience nabizi bezprecedentni datoveé propojeni:
- S plngmi CAD daty

- Pro vsechny simulace

- Vse vyuzitelné pro optimalizacni smycky
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