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Predstaveni projektu VUT-061 Turbo

Vykon motoru 180 kW
Predpisova zakladna CS-VLA, CS-23

Max. take off w. 650 kg
Empty weight 390 kg
Max horizontal speed 300 km/h



Vychozi pozadavky pro kompozitni soucasti

Predpisova baze pro kompozitni casti CS-VLA.
Technologie rucni kontaktni laminace do kompozitni formy

Minimalizace pocCtu forem

Soucinitel bezpec€nosti 2.25
» Soucinitel bezpe€nosti 1.5
 Vliv vihkosti 1.2
* Vliv zvysené teploty 1.25



Groteska




Pouzita technologie vyroby

Abdeckfolie Abreigewebe
4 - Tear-off fabri
Getrénkte Gewebe Covering film Tear-off fabric —

Non-woven absorber

\

Impregnated fabric

CS-Interglas

Dichtungsmasse
Sealing compound

/|

Laminat Vakuumpumpe
laminate ~ Vacuum pump

Trennmittel
Release agent

Trennmittel
Release agent

Gewebe
Fabric

CS-nerglas




Materialova data dle CS23

<X

CS 23.613 Material strength properties

and design values
(See AMC 23.613)

(a) Material strength properties must be based
on enough tests of material meeting specifications
to establish design values on a statistical basis.

(b) The design values must be chosen to
muninmuse the probability of structural failure due
to material variability. Except as provided in sub-
paragraph (e) . compliance with this paragraph .
must be shown by selecting design values that DeS|gn ValueS
assure material strength with the following
probabality: |

(1} Where applied loads are eventually

distributed through a single member within an

assembly. the failure of which would result in A - Val ue
loss of structural imtegnity of the component; L 1
99% probability with 95% confidence.

(2) For redundant structure, in which
the failure of individual elements would result
in applied loads being safely distributed to other B - Val ue r 1
load carrying members; 90% probability with L J
93% confidence.

B - value 1
(c) The effects of temperature on allowable

stresses used for design in an essential component
or structure must be considered where thermal .I ° °
effects are significant under normal operating o ~. .. °

ditions. Cew
conditions 9 z deseti méreni




Materialova data dle CS23

Aplikace A-value a B-value

A-value — v pripadée, kdy porucha elementu by znamenala kolaps konstrukce
B-value - zatizeni z poruseného elementu se prenese na okolni konstrukci

Vypocet A, B - value

B=M-—kgS

Number of

A umber o ) 5 16 17 18 19 20
1|,|'E||UE- 5pEC|mE'"|

ka 37.094 5.741 3.464 3.414 3.370 3.331 3.295

B Number of 2 5 16 17 13 19 20
1,.-3|UE EpEC”TIE'"I

ke 20.581 3.408 2.034 2.002 1.974 1.949 1.927

Vliv vlhkosti — kondiciovano v klimatické komore

Vliv teploty — zkousSeni za zvySené teploty




Materialova data dle CS23 — priklad

Test plan materialovych zkousek k vyvoji akrobatického letounu dle CS-23
Meéfeni E, E,, Gy, Kyp, Xp Xo Yo Yo Spo, ILSS

v o

Kondiciovani: 30 dni, 100% vlhkost, teplota 37°C
10 vzorku zkousSeno pri pokojové teploté, 10 vzork( pfi teplota 90°C
Priklad - tkanina C200

E, | B | Gy | mp | X | X | Y, | Y. | Sy, |ILSS
Tahové zkouska X | X X | X X 20 vzork(
Tlakova zkouska X X 20 vzork
Tah +45° X X 20 vzorkd
ILSS X'| 20 vzork(

80 vzorkd



Building block approach

Standard ./ State-of-the-art

Component

Subcomponent

Structural element
(Allowables)

Coupon level
(A,B- values)

<Experiments Analyses™



Materialova data dle CS-VLA — soucinitel bezpecnosti

(Pocetni zatizeni = Provozni zatiZzeni x Soucinitel bezpecnosti)

a) Mohou byt pouzity A,B- value podle postupu z CS-23, nebo
b) ZjednodusSeny pristup dle CS-VLA

1. Statistické vyhodnoceni vzorku

Coefficient of
Yariation %

Test Factor

)
6
7
8
9
10
12
14
15
20

1-00
1-03
1-06
1-10
1-12
1-15
1-22
1-30
1-33
1-95

Variacni soucinitel

CV—1OOS
B M

Smeérodatna odchylka
Primérna hodnota



Materialova data dle CS-VLA — soucinitel bezpecnosti

2. Vliv vlhkosti:
* Kondiciovani ve vihkém prostredi celé konstrukce pred stat. zkouskou

* Uvazeni pridavného soucinitele bezpecnosti 1,2
3. Vliv zvysené teploty:
* Zkouseni za zvysené teploty podle
* Pri zkousce za studena pouzit pridavni soucinitel bezpecnosti 1,25

'c DK
¢ 1007 450-
200 - 90
160 Conditions :
180 - 80- Ground Static Still Air
4504 Emissivity : 0.9
| Ambient Air Temperaturo ; + 38'C (100'F)
180 70 340+ Bunin Zenlth
] Skin surtace cooled down during
140 &0 330-] 52 3 minutes taxi and take-off

b —

1204 501 4a0.

]
1004 7 3104
30- |
80 300 LIGHT GREEN / LIGHT YELL OW PAINT
—l ey | _—— BUCKonDw
s / BILLIE PAMT

A o 1
o o2 04 o8 u-a !lﬂ 12

SOLAR ABSORPTIVITY



Pouzité materialové charakteristiky

Akceptované LBA (Spolkovy letecky urad) pro stavbu kluzaku
Predpokladany objemovy pomeér 35%,
Tloustka vrstvy dle gramaze tkaniny

tllj(l;ln‘:‘n; ti::ﬁn‘a Sklo-UD | Uhlik - UD

E, [MPa] 39470 16600 30320 77000
E, [MPa] 39470 16600 7161 3400
E, [MPa] 10170 10500

vy, [-] 0,037 0,2 0,37 0,28
G,, [MPa] 1620 3800 2345 2870
G, [MPa] 15950 7900
o, [MPa] 146 95 294 420
o,. [MPa] 146 95 200 420
1, [MPa] 114 95 100




Omezeni materialovych charakteristik

x 10° Tahova zkouska Ohybova zkouska

=== E = 60543 MPa, t = 0.226 mm

3" | == = E = 39470 MPa, t = 0.32 mm 250 /
25 / /
200 V. /
z ° z / / 1 i \ w
= Z
< E 150 /
100 F
1
m—— E = 43720 MPa, t = 0.2 mm
50 — F = 54257 MPa, t=02mm | |
0.5
= E = 39470 MPa, t = 0.32 mm
experiment
0 0 ! | ! !
0 0.2 0.4 0.6 0.8 1 1.2 0 1 2 3 4 5 6
Posunuti [mm] Posunuti [mm]

Tahovy zkouska dle ASTM D3039 Ohybova zkouska dle ASTM D790



Ohyb sendvicového nosniku
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Laboratorni zkousky pény

Smykove napeti [MPa]

napéti [MPa]

ZKOUSKA TLAKEM zluty_herex_t10

/

=~
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Model konstrukce

VUT 001 Marabu FE model

Globalni FE model kfidla lehkého
letounu z kompozitniho materialu

MSC. Patran/Nastran
Module ,Laminate Modeler”
2-d elementy

Laminat - linearni 2d ortotropni mat. model
Jadro- linearni izotropni model .
Solver 101,106

4 - 8 pfipadu zatizeni .

e O e Virtual laminate stacking created in
< ,Laminate Modeler”



Zadani vrstveni

Ply modeling — Laminat modelar

Zpusoby zadavani laminatu « Definice materialu, vybér mat.
« Zone modeling charakteristik, tloustka vrstvy

« Ply modeling * Pudorys vrstvy
« Skladba laminatu

« Vypocet vlastnosti prvkl
* Pozadované prvky

Priklad — Zone modeling * Integrovan v pre-pocesoru MSC.

Patran




Laminat modelar

« Modelar zohlednuje deformace tkaniny na dvojité zakfivenych plochach
« Clenéni konstrukce podél technologickych celkd  vhodné &islovani vrstev

« Snadna modifikace pfi postupujicim navrhu

85 vrstev na pulku potahu

o =
i
o H



PoZzadované vysledky + omezeni vypoctu

C|I vypoctu &l
Navrh skladeb globalnich vrstev = =

* Rozsah pouziti sendvicove struktury

* Vybér materialu sendvicCe

« UrcCeni kritickych mist a navrh lokalnich vyztuh

» UrcCeni globalni tuhosti konstrukce

Vypocet neresi

« Kontrolu lepenych spoju

« Koncentrace zatizeni v misté zavedeni osamelych sil
« Unosnost konstrukce



Vyhodnoceni — globalni tuhosti

Feb-12 16:46:15

if Load, Stress Tensor, , X Component, 2 of 98 layers (Maximum)

% limit load

250,00

Test vs. simulation

200,00

150,00

100,00

50,00

0,00

0,0

50,0 100,0 150,0

Displacement [mm]

- == PG_test

P6_simulation

P5-P7:simulation-fus. rear
part bending

P5-P7:test-fus. rear part
bending

P6-P3:test-fin bending

P6-P3:simulation-fin bending




Vysledné hodnoty napéti MKP analyzy

FSDT — first order shear deformation theory — MKP 2D elementy

D_} ﬂ‘\\\
1)

T{{N} } _ {[A} [B]] {’{L

CLT <\ {M]} [B] (D]
Qy _ Ags fiam ’}?g}
{ Qi } =k [Aaua f155 ﬁ:‘;} FSDT -

o

STRESSES IN LAYERED COMPOSITE ELEMHENTS (QUADAY)
ELEMENT PLY STRESSES IN FIBER AND WATRIX DIRECTIONS  INTER-LAMINAR STRESSES PRINCIPAL STRESSES (ZERD SHEAR) HAN
1D [0 NORMAL-1 HORHAL-2 SHEAR-12 SHEAR XZ-MAT SHEAR YZ-MAT ANGLE  MAJOR HINOR SHEAR
1 11 1.61822E+81 -7.92926E-81 1.11536E-12  -0.68104E-01 -6.59195E-14  0.00 1.61822E+61 -7.92926E-01 8.4B75BE+0@
2 2.56489E+00 2.56489E+00 -1.34322E+080  -1.20919E+00 -8.23357E-14 -45.00 3.96810E+08 1.22167E+80 1.34322E+08
33 -2.50489E+00 -2.50489E+80 1.34322E+00  -0.68104E-61 -6.59195E-14 45,08 -1.22167E+00 -3.90810E+00 1.34322E+04
4 -1.61822E+81 7.92926E-81 -1.11536E-12 0.0 8.8 -90.60 7.92926E-81 -1.61822E+01 8.48758E+00




Vyhodnoceni podle napéti v MSC. Patran

Failure indices (FI) na potahu trupu VUT 081 Kondor Napéti v materialovém sméru 1 na 1. vrstvé

CUFFEant Siress

maxinum allowed stress

Nevyhody

« Pouziti jednoho kritéria poruchy
« Nemoznost vyhodnoceni poruseni sendvicu _‘
* Nezname indikovany mod poruseni (tension, compression, shear, ILSS




COMposite POSTprocessor

BH compositePOSTprocessor r146 -0 |i|
Settings | Help |
—0Open files
Type of file: & MSC Nastran ' Abagus ' Marc
bdf file: |D:,-‘Ut\Iit)rfl(ond0r’fTrup,fJKaIn)rfPatran_E1,"Ana|)rza_1.I:ld\C Open
foé file: ID:,.-‘Utwlityfl(nndnrj‘l’rup,.fJKaInyIPatran_Eljanalyza_l.fﬂﬁ Open
—Operation
Report | Analysis Max. / Min. | Optimization |
Laminate | Sandwitch Isotropic | Sandwich Honey Comb |
Select subcases
Element:

Inter laminar stress

Wrinkling:
Factor K1 .6
Core Crushing:

Through-thickness core strength 2

Core shear allowable

T

Core shear strength correction factor

Elements IDs:

3024 3125:3127 3205:3211:3 3213 3974:3078:2 4025 4027 4028 4455 4558 4561 ﬂ
5157 5159 5163 5171 5172 5544 5548 5554 5563:5575:5 7957 8143 8145 8364
8365:8373:4 8383 8386 8388:8400 11556 11657:11659 11737:11743:3 11745
12506:12510:2 12557 12559 12560 12987 13090 13093 13689 13691 13695 13703 LI

—Save fil

Fath: lUtiIity\Kondor\Trup\JKaIn‘,r\Patran_31\k0mpost_4 Change | Clear |

Calculation Exit

Napsan v jazyce Python 2.7
Open source freeware
Vyhodnocuje analyzy 101, 106

Nacita data ze souboru .bdf a .fO6

bdf;
 Materialova data MATS
« Laminate PCOMP

fO6:
* Rovinna napéti (o1, 022, T12)
« Smykova napéti po tloust’ce (113, T23)



Nabidka ComPostu

_inix)
- s T > Kritéria poruseni laminatu

Type of file: #  MSC Nastran  abagus  Marc L4 Max StreSS

bdf file: |D:IUtiIity,-‘KondorfTrup,-‘JKaIny,-‘Patran_31fAnaIyza_l.bdf Open .
— - H
fo6 file: |D:IUtiIity,-‘l{ondorf'l'rup,-‘JKaIny,-‘Patran_31fana\yza_1.f06 Open aSI n

— Operations L4 TS ai -_ Wu
Report | Analysis Max. / Min. | Optimization | T - -
« Tsai—Hill

Laminate | Sandwitch Isotropic | Sandwich Honey Comb |

= » Kritéria poruseni sendvicu
 Face wrikling
« Crimping
« Core crushing
» Core shear failure
* Intracell dimpling

Wrinkling:
Factor K1 6
Core Crushing:
Through-thickness core strength 2

Core shear allowable

17

Core shear strength correction factor

Elements IDs:

3024 3125:3127 3205:3211:3 3213 3974:3978:2 4025 4027 4028 4455 4558 4561 il
5157 5159 5163 5171 5172 5544 5548 5554 5565:5575:5 7957 8143 8145 8364
8365:8373:4 8383 8386 83858:8409 11556 11657:11659 11737:11743:3 11745
12506:12510:2 12557 12559 12560 12987 13090 13093 13689 13691 13695 13703 LI

» Vyhledavani kritickych elementu
Fath: [Utility\Kondor\Trup\JKalny\Patran_31\kompost_4 Change | Clear | > Repor‘tovénl’ V html Souboru

Calculation Exit |




Analyzované mody poruseni sendvicové struktury

L

Wl :
(l
HE 5 H_
& @_

Tl
Core shear

Wrinkling Crimping  Crushing  Dimpling  ~( 00

[0




Wrinkling

Lokalni stabilitni porucha potahu sendviCe zatizeného tlakovym
zatizeni s naslednou poruchou potahu

-+
g
e,

R l l : Obecné vztahy:

Gw=ki(E;G.E,)'”  :pro sendviCe s izotropnim jadrem

Ec. tf
Ef. t¢
p— « ow — Dovolena hodnota na napéti na potahu
=l « Ef— Modul pruznosti ve sméru hlavniho tlakového napéti
— « Ec— Modul pruznosti jadra v tlaku

* Gc— Modul pruznosti jadra ve smyku
« tr -  TlouStka potahu

:pro vostinove sendvicCe

Owr = k2 E¢

* tc-  TlouStka jadra
4 ' r '} ¢ r f 4 « ki- Koeficient pro sendviCe s izotropnim jadrem (0,63)
« k2— Koeficient pro sendviCe s vostinovym jadrem (0,82)



Naladéni empirickych konstant

——

ASTM C364 Picture shear frame test

Owr = k13’EfEch owr~150MPa



Lokalni stabilitni porucha panel - Crimping

1 1 1 Jedna se o lokalni ztratu stability sendviCové stény vétSinou
\ zpusobenou nizkou smykovou tuhosti jadra

Obecny vztah:

Ner=Gt

* Nc— Mezniliniova sila ve sméru hlavniho tlakového zatizeni
=/ . Gc— Smykovy modul jadra sendvice
« t - TlousStka jadra sendviCe

i



Experimentalni ovéreni

Picture shear frame test

2 ”m H - L,_ Doporuéena kombinace materiall

N

-

=

« Potahy z GFRP =) hustota pény jadra ~ 60 kg/m3
+ Potahy z CFRP =) hustota p&ny jadra ~ 80 kg/m3
ASTM C364



Zborceni jadra v dusledku ohybu stény

Vznika pfi ohybu stany a nadmérném lokalnim tlakovém zatizeni

(_\ jadra od potaht panelu
Obecny vztah:
M> M
Oc = — + .
d-D.. d-D,
e Oc-— Mezni smykoveé napéti
 Mx, My — Ohybovy moment na jednotku délky
e d- Vzdalenost protilehlych potahl panelu
b e Dz Dzy — Ohybova tuhost z ABD matrix




Dimpling

L

Lokalni stabilitni potucha sendviCového potahu, kdy dochazi ke

zvinéni

mezi bunkami vostinového jadra. Neni aktualni pro

sendviCe z pénovym jadrem.

Obecny vztah:
2Ef (tf)z
Oq =
1 — My2H21 \Cs
* Oc— Limitni napéti v potahu
e Ef— Modul pruznosti ve potahu ve sméru orientace vostiny
° tf- Tloustka potahu
* Cs— Velikost bunky vostiny



Poruseni jadra ve smyku

Porucha panelu v jako dusledek pfekroceni dovoleného
smykoveého napéti jadra sendvicCe

Obecny vztah:
2 2
o \/T31 T35
§=
k S
e Ts31,T2s— Mezné smykova napéti
e Os— Pevnost ve smyku
s o ki- Koeficient vlivu tloustky panelu (pro sendvicCe

pouzitych na lehkych letadlech = 1)



Pouziti ComPostu

EH coMpositePOSTprocessor r146 — ol x|

Settings | Help |
—Open fil
Type of file: % MSC Nastran " abagus . Marc
S
bdf file: |D:,fUtiIity,-‘Kondur,-’TruprKaIny,-‘Patran_Bl,fAnaIyza_l.bdf Open Vs v ré ’ 4 4
_ 4'1[; Vybér vstupniho a vystupniho souboru analyzy
fo6 file: |D:,fUtlIlty,-'){ondor,-'“l'ruprKaIny,-‘Patran_31janalyza_1.f06 Open
— Operations
Report | Analysis Max. / Min. | Optimization P. V . b )4 .
—— er typu analyz
Laminate | Sandwitch Isotropic | Sandwich Honey Comb Il y yp y y

Selectsubcases| * Report
e ~N » Hromadné hledani kritickych element

Iter lominar stess » Detailni analyza vybranych element(

Wrinkling:
Factor K1 .6

Core Crushing:

SR > DoplInéni materialovych dat
J

T

Core shear strength correction factor

ﬁ =
3024 3125:3127 3205:3211:3 3213 3974:3078:2 4025 4027 4028 4455 4558 4561 il

5157 5159 5163 5171 5172 5544 5548 5554 5565:5575:5 7957 8143 8145 8364
8365:8373:4 8383 8386 8388:8400 11556 11657:11659 11737:11743:3 11745

12506:12510:2 12557 12550 12560 12087 13090 13093 13680 13601 13695 13703 ¥ Vybér analyzovanYCh elementﬁ

7~

Path: lUtiIity\Knndnr\Trup\JKaIny\Patran_]l\knmpnst_4 Change | Clear ﬂ" Ad reSé‘r’. pro uIOieni Vy'Sled klOJ

Calculation Exit |




Vybér kritickych elementu

Vybeér kritickych elementi ComPostem

x

Subcase ID:

Processed elements count: 8459

Failed elements count:

Element ID|Layer |Failure type|Value
8379 1001 (TW 3.202
8378 1001 (TW 3.070
16911 1001 |TH 2.987
16013 1010 (TW 2,970
7481 1010 [TW 2.663
12481 1002 (TW 2.240
12479 1002 (TW 2215
16910 1001 (TW 2.111
12497 1002 (TW 2.098
16014 1010 (TW 2.038
12504 1002 (TW 2.031
3965 1002 (TW 2.030
3947 1002 (TW 2.026
12503 1002 [TW 2.022
16109 1010 (TW 2.015
3946 1002 (TW 1.996
3964 1002 (TW 1.964
16110 1010 (TW 1.944
11712 1002 (TW 1.935
12505 1002 (TW 1.908
13100 1002 (TW 1.858
4568 1002 (TW 1.852
12501 1002 (TW 1.849
3182 1001 [TW 1.826
14502 1002 (TW 1.817
12496 1002 (TW 1.810
14503 1002 (TW 1.792
3969 1002 (TW 1.767
3972 1002 (TW 1.764
14504 1002 (TW 1.761




Indikovana porucha sendvice

default_Fringe :
Max 1.18+000 @Nd 16188
Min 6.25-001 @Nd 13101

Subcase ID:

6

Processed elements count: 8459

Failed elements count: 21

Element ID|Layer | Failure type Value
16013 1001 |wrinkling-top |1.257
14354 1001 |wrinkling-top |1.242
14355 1001 |wrinkling-top {1.212
16911 1001 |wrinkling-top |1.197
14353 1001 |wrinkling-top |1.192
14356 1001 |wrinkling-top |1.126
5822 1001 |wrinkling-top|1.113
5821 1001 |wrinkling-top [1.099
5823 1001 |wrinkling-top |1.084
16014 1001 |wrinkling-top [1.068
16076 1001 |wrinkling-top |1.068
16910 1001 |wrinkling-top |1.065
14352 1001 |wrinkling-top [1.063
5820 1001 |wrinkling-top |1.057
16110 1001 |wrinkling-top |1.048
14357 1001 |wrinkling-top 1.040
5819 1001 |wrinkling-top |1.022
16109 1001 |wrinkling-top [1.020
14605 1001 |wrinkling-top [1.015
16111 1001 |wrinkling-top [1.004
14351 1001 |wrinkling-top |1.002
16015 1001 |wrinkling-top [0.986
5824 1001 |wrinkling-top |0.982
5818 1001 |wrinkling-top |0.961
16112 1001 |wrinkling-top |0.954
13932 1001 |wrinkling-top |0.951
14606 1001 |wrinkling-top (0.949
14350 1001 |wrinkling-top |0.947
16265 1001 |wrinkling-top [0.946
16016 1001 |wrinkling-top [0.936




Detailni analyza jednoho elementu

Stresses in fiber directions

Subcase: 6 } — i .
Load step: ‘
Element ID: 16911 gl |
Stress Table :
Layer| Material |Thickness|Orientation| oy 622 T2 | Tz | Tyz - 1 1
1001 |Uhlik_kepr ]0.1491 -46.138 152.3|-138.8|4.03 |0.00/0.00 g
1002 |Uhlik_kepr [0.1492 -8.739 92.2 (-78.4 |-10.84|0.05]0.17 ,-Ef 0
1009 |Airex_C70.75|5.0129 -7.308 0.2 ]-0.1 (-0.19 [0.13]0.43 %‘
1010 |Uhlik_kepr ]0.1491 -46.138 147.21-125.4|18.90 [0.13]0.42 -1 : 1
Laminate Failures : iy |
Layer Max Stress TsaiHill[ TsaiWu Hashin Inter Laminar Stress

N1 | N2 |S12 FT | FC | M : . - : : 3 ' ; !
1001 [0.254(0.347/0.058{0.247 |0.257 |0.068|-0.381(0.057|0.000 L U ¥ e C 100 150 200
1002 ]0.154(0.196(0.155|0.106  [0.104 |0.048]-0.230|0.041]0.003
1009 [0.091/0.103]0.159[0.051 [0.048 |0.034|-0.125(0.031{0.008 3 : Inter-laminar stresses : :
1010 ]0.245(0.314|0.127|0.226  [0.231 {0.076]-0.368|0.060]|0.008 ; — T T

2+ : -

Sandwich Summary
Sandwich Type: 1sotropic
Minimal core Thickness : 3.0 r

Core Shear Strength correction factor : 1.0

Wrinkling correction factor K1 : 0.63

Layer thickness
(=)

Sandwich Failures : 1k
Sandwich Failure FI

Core Crushing 0.002 - J |
Core Crimpling 0.069 :
Core Shear Strength  |0.174

- - 00 005 010 015 020 025 030 035 040 045
Wrinkling Top side Stress
0.776

Wrinkling Bottom side




Postup vyhodnoceni - priority

Doporuceny postup vyhodnocovani sendviCoveé konstrukce ComPostem pfi pouZziti
materialovych dat podle LBA

=

Zobrazeni obalky Fl ze vSech analyzovanych pfipadul zatizeni podle kritéria poruseni
Max Stress

Nalezeni indikovanych poruch sendvicové struktury pomoci ComPostu

Na zakladé bodu 1 a 2 oznaceni kritickych mist

Detailni analyza kritickych mist ComPostem

Individualni zhodnoceni kritického mista

a bk wnN

Priority pfi vyhodnoceni + akceptované postupy

1. Zadny vyskyt indikované poruchy sendvice
2. Dodrzeni maximalnich napéti dle LBA na velkych plochach a hlavnich nosnych vrstvach
3. Lokalni koncentrace napéti jsou povoleny pokud jsou inzenyrsky zhodnoceny
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ComPost v Aeromobilu

Zobrazeni vysledku v systému ParaView

Compost output - ALL LAYERS, AERO Landing Load Case LC10 (4 wheel level landing + spin up load)
/maximal FZ-force 10595N, FX-force 5000N/

Failure critera used (solid carbon & sandwich)
SANDWICH: crimpling, wrinkling(top & bottom), crushing
LAMINATE: Hashin, Max Stress, ILSS

ELEMENT:FaillndicesMax
-1.000e+00

=0.000e+00



Detailni modelovani

Patran 201023 64-Bit (MO Enabled) 27-Jul-11 10:16:51
Fringe: PRIPAD_4_ZK, PW Linear : 100.% of Load, Failure Indices, Maximum Indices, . (NON-LAYERED)
Deform: PRIPAD_4_7K, PW Linear : 100, % of Load. Displacements, Translational,

135400

1.15+000)

962001

7.70-001]

577001

385001

193001

1.40-004]
defaul_Fringe |
Max 2.89+000 @Nd 14195 %
¥ Min 1.40.004 @Nd 25415
defeult_Deformation
Max 2,04 4002 @Nd 28722

‘adlure Indices. Maximum Indices. , (NON-LAYERED)
Displacements, Transiational,

5.35+000¢
4.94+000
453+000]
4124000
3.71+000¢
3.30+000%
2.89+0008
g
e
98 2484000
£\
2'hs
485 2074000
8
2
1.66+000)
1.25+000§
8.40-001|
430001
207009
default_Fringe defau_Fringe
Maxx2.69+000 @Nd 14195 Max 6174000 @Nd 40558
Min 1.40-004 @Nd 25415 Min 2.07-002 @Nd 44059

default_Deformation :
Max 2.04+002 @Nd 28722

defaut_Deformation




ComPost vs. detailni modelovani sendvice

3D model jadra sendviCe, von Mises, 146 % of provozniho zatizeni .
DFEM vyhodnoceni ComPostem

5 Tensor. . von Mises. Masdmoum 48 of 52 iapers
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Detailni modelovani lepenych spoju

Detailni simulace - model s analytickym kontaktem mezi dily

e Odpovidajici tuhost FEM modelu v okoli lepeného spoje

* Moznost kontroly lepeného spoje

* Pouzito pfi vyvoji pasivné bezpecné sedacky pro letoun
TL-Stream

Dil 2

Zjednodusena simulace Detailni simulace
(nejcastéjsi)



DFEM » Tlusté kompozity

» Modely s progresivnim porusovanim

» Analyzy lepenych spoju (VCCT, glued contact, cohesive zones)
GFEM - » Grafické rozhrani ComPostu (vylepsSili v Aeromobilu)
ComPost > Obalka kritickych pFipadu zatiZeni

» Optimalizace laminatt a sendvice
Projects

» Vyvoj letounu kategorie GA + certifikace + produkce + provoz



Download
http://www.lu.fme.vutbr.cz/~malis/compost/

nebo radéji zavolejte — poslu.


http://www.lu.fme.vutbr.cz/~malis/compost/

