®edeparnbHoe 2ocydapcmeeHHoe brodxemHoe obpa3ogameribHOe yyYpexoeHue
8bicuiez0 rnpogheccuoHanbHo20 obpa3osaHusi

«MockoBckuin rocyaapCTBeHHbIN TEXHUYECKNA YHUBEpPCUTET nMenn H. 3. baymaHa»
(MI'TY um. H. 3. baymaHa)

npOeKTI/IpOBaHI/Ie AfiIeMEeHTOB KOJ1IECHbIX MalWWH N3
KOMMO3NLUMOHHbLIX MaTepnarnoB

Nekuus 6
(Cemunap)

«OcobeHHoCTH pac4deTa aremMeHTOoB KOJieCHbIX MallnH N3
KOMMNO3ULMOHHbLIX MaTtepunanoB C UCMNOJ1Ib30OBaHUEM METOa
KOHEYHbIX 31EMEHTOB»

Cocmasurn doueHm kaghedpbl «KosiecHble MaliUuHbly», K.M.H.

KapTtawoB AnekcaHap bopucosud
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TpexcnonHble KOHCTPYKLNK

PucyHok 1 — TpexcrnonHble naHenu ¢ pasnuyHbiMn 3anonHUTENSIMU (CpeanHHbIMU
CnosiMun): a - ¢ neHonsiactom; 6 — apMMUpPOBaHHbLIM MEHOMACTOM; 8 — C LUECTUTPAHHBIMMN
cotamu; r - ¢ Tpybyatom cepaueBmHON: O - C AepeBsHHbIMU Dpyckamu; € - co cBasamn C-

obpasHoro unu gpyroro Npoduns, X — ¢ roppamu; 3 — ¢ s4enKamu
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CBOMNCTBA TPEXCNOUHBLIX NMaHENeu

TpexcrnonHble NaHeNu ¢ pasHECEHHbLIMU BHELLHMMU cnoamMn obnagatoT npu
HeDOSbLLION Macce BbICOKMMU XapakTEPUCTUKAMKN MPOYHOCTM U XKECTKOCTN, a
TakKe BbICOKOM YCTarOCTHOM NPOYHOCTbIO JAaHHOW HENPEPLIBHOCTbLIO CBA3EN
COCTaBHbIX 4YaCTeEM U OTCYTCTBUMEM KOHLIEHTPATOPOB HanpsikeHun. [lpu
Hagnexawiem BbIOOpe TPEexXCrnonHoOW naHenu TOoHKue, paboTawline Ha
cxXatue wunu CcOBWUI, BHELWHWE CNoM MOryT BblOep)XmBaTb BbICOKME
HanpskeHust. Kpome ToOro, TpexcriomHble naHenu obnagatT XopOoLUnMU
BUPOOU3OMIALUMOHHBIMU U PAaaUOTEXHUYECKMMU XapaKTEPUCTUKAMMN, a TakkKe

3BYKO- N TEMNON30NALNOHHBLIMU CBOWCTBaMMW.



[TpMeHeHne TPEXCNOUHbIX NaHeNnen B Ky3oBax
aBTOMOOUIIEN

TpexcrnorHble NaHenu WMPOKO MPUMEHSIIOTCS B TOHOYHbIX aBTOMOOUNAX U B
HacTosLLiee BPpeMsl HaxoasaT Bce Donbllee NpUMMeHeHNe B JOPOXHbIX aBTOMOOUNSAX.

Porsche 918 Spyder
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[TpMeHeHne TPEXCNOUHbIX NaHeNnen B Ky3oBax
KONECHbIX MaLUWH
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A

UHbIX MaHelrien B

dBMNaKOCMMN4YeCKON NPOMbILLUITIEHHOCTHU

A

A

[lpmeHeHne Tpexcno

kartashov@bmstu.ru
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Kpbllla aBTOMOOUNS

N3 TPEXCNOUHbIX MNaHeneu

G R S B

PacyeTtHasa 3D mogenb

Q& Ural_roof_smooth_sandvich (Mo ymonyanuno

=-[<¥] Tena nosepxrocTn(2)

----- < MoeepxHocTs - HiokHAs naHens

----- < MoeepxHocTs - BepxHaa nanens

—:|-- Teepabie Tenall)

----- E Teepaoe Tenc - Nedonnact

Mpumedanns

gE MaTepwan <He ykazaH>
..... Q CI‘IEPE.EI.H

..... Q Cﬂepx!,r

..... Q Cnpaﬂ.a
..... 1. Wcxogran Touka

Tl
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SHepreTMyecKkun anropmuTm
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PacyeT TpexcrnonHou naHenu

1. PacuyeTt TpexcnouHou naHenu

16.11.2019 kartashov@bmstu.ru



Project Schematic

-
8 AP ACP (Pre) =  Static Structural
2 @ Engineering Data & EngneeringData e
3 Geometry w g3 Geometry w 13 Geometry v 4
4 i@ Model v W4 @@ Model v g——— W4 @@ Model v
5 |z Setup v ————a5 BE SectionData v 4 5 | i3 Results v
ACP (Pre) 6 @ Setup v 4 ACP (Post)
7 @ Solution v
8 @ Results v
Static Structural
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- A - B hd c hd D
2 @ Engineering Data " 4g—# 2 @ Engineering Data " 4 2 ﬁ Maodel 4 2 @ Engineering Data  + 4
Engineering Data 3 Geometry v 4 3 ﬁ Setup v 3 Geometry v 4
4 §@ Model v 4 Solution v o4 4 @@ Model v
5 | iz Setup v 5 @ Results v 5 |3 Results v
ACP (Pre) Static Structural ACP {Post)

[na nony4eHma Takom CTPYKTYpPbl PacCMOTPUM
nocnenoBaTeIbHOCTb CO34aHUA B/IOKOB pacyeTa Aanee

$
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BctaBnsiem nepBbie OroKku

1. BctaBngem onok «Static Structural» 6e3 cBasen

I\ D72 - Workbench - O b

File View Tools Units Extensions Jobs  Help

i 1 Import... | -+ Reconnect Refresh Project - Update Project | gm ACT Start Page

Toolbox nati * o X

| B Analysis Systems | Ll
Design Assessment
Eigenvalue Buckling i A - B

Electric I8 ..~ Engineering Data 1 @ ACP (Pre)

Bxplicit Dynamics 2 @ EngneeringData a2 & EngineeringDats + 4

Fluid Flow - Blow Molding (Polyflow)
ineeri 3 Geometr v

Fluid Flow- Bxtrusion (Polyflow) Engineering Data E Y 4

Fluid Flow (CFX) 4 @ Model v
Fluid Flow (Fluent) 5|4z setwp v 5

Fluid Flow (Polyflow) ACP (Pre)
Harmanic Acoustics

i Structural

Engineering Data
Geometry

EO N N |

L2008 L O

Model

Setup

o

Solution

o o) | o) | o) | ) | €

Results
Harmaonic Response

Hydrodynamic Diffradion Static Structural
Hydrodynamic Response
IC Engine (Fluent)

IC Engine (Forte)
Magnetostatic

Madal

Modal Acoustics
Random Vibration
Response Spectrum
Rigid Dynamics

KXEERERRREEE

.:S

Static Acoustics
Static Structural
Steady-State Thermal
Thermal-Electric
Topology Optimization

IDEClElEEER

=4 Tranciant Structural i

| T View All / Customize... | | ¢ >

-@ Double-click component to edit. |ﬂ]obMontor ||IEIShowProgess ”@Show 41 Messages | .:
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3arpyxaem mogersnbs B Static Structural

2. MNepeTtackneaem nosne «Setup» ACP Ha none «Model» Static Structural»

16.11.2019

I\ pz2 - Workbench

File Wiew Tools Units Extensions

Jobs

Help

ﬁJImport... | +( Reconnect Refresh Project  -F Update Project

Eﬁnalysis Systems

4 DesignAssessment

Eigenvalue Buckling

Electric

Explicit Dynamics

Fluid Flow - Blow Molding (Polyflow)
Fluid Flow- Extrusion{Polyflow)
Fluid Flow (CFX)

Fluid Flow (Fluent)

Fluid Flow (Polyflow)

Harmenic Acoustic

[ol

=
I

HXEERERREREEEE

Harmonic Response
Hydrodynamic Diffradion
Hydrodynamic Response
IC Engine (Fluent)

IC Engine (Forte)
Magnetostatic

Modal

Modal Acoustics

Random Vibration
Response Spectrum

=

Rigid Dynamics

Static Acoustics

Static Structural
Steady-State Thermal
Thermal-Electric
Topology Optimization

B Tranciant Srrckoral

EClElEEEE

@

'

| T View Al / Customize...

@ Double-click componentto edit.

BB ACT Start Page

- A hd B
[
2 @ Engineering Data " ,———M 2 @ Engineering Data "
Engineering Data 3 Geometry v 4
4 ﬁ Model v 4
5 | iz Setup v 5
ACP (Pre)

PR R

tatic Structural
ﬂ Model

a Setup

Solution

9 Resultz

Static Structural

oo | o) | T

>

@Jobl\‘lontm ”IEIShowP‘rog'ess ”L'I@Show‘lll\'lessages .

kartashov@bmstu.ru

13



[obasnsaem 6nok ACP (Pos

3. Nepetacknsaem HoBbI Briok ACP (Post) Ha none «Model» ACP (Pre), a
nosie Setup ACP (Pre) Ha none Model Static Structural

I\ DZ2 - Workbench
File Units

|J == E‘. EH Project.

View  Tools Extensions

Jobs  Help

¢~ IC Engine (Fluent)
{28 1C Engine (Forte)
Magnetostatic
[ Modal

Modal Acoustics
m Random Vibration
E' Response Spectum

% Rigid Dynamics

Static Acoustis

[ Static Structural

Y steady-State Thermal
(I Thermal-Electric

@ Topology Optimization
% Transient Structural

'E Transient Thermal

@ Turbomachinery Fluid Flow
EComponentSysta'rs

iy ACP(Post)

iy ACP {Pre)

@ Autodyn

% BladeGen

@ o
& Engineering Data

@ Ensight (Forte)
External Data
@ Bdernal Model

Fluent

B Fluent (with Fluent Meshina)

W

] Import.... | £¢ Reconnect Refresh Project */ Update Project | @@ ACT Start Page

| T View All f Customize. ..

; Ready

16.11.2019

- A - B
bY .~ Engineering Data i =
2 & Engineering Data «" g— @2 & Engineering Data  +" 4 2 @ Model = 4
Engineering Data 3 Geometry v 4 3 a Setup 2 4
@ Model v 4 4 g Selution =
i3 Setup v 5 @ Results F .
ACP (Pre) Static Structural
- D
 CEr—
2 & EnginesringData +
3 Geometry v 4
4 |§# Model v o4
5 |3 Results =
| |
J¥¥ Job Monitor... |/ Show Progress || (&% Show 41 Messages &
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«CuntbiBaemM» pesynbraThbl

4. MNepetackuaem none «Solutiony» Static Structural Ha none «Resulty ACP (Post)l

- O *

N\ DZ2 - Workbench

Eile  View Tools Units Extensions Jobs Help

\A”@“@_ EH Project.

&1 Import... | 9 Reconnect Refresh Project # Update Project | B ACT Start Page

¥ IC Engine (Fluent) ~
ﬁ IC Engine (Forte)
Magnetostatic - A . .

fly Modal 8 . Enginesring Data WP ace (pre)

Modal Acoustics 2 @ — v A — ”
fili Random Vibration Engineering Data i — Engineering Data y

fili ResponseSpectum Engineering Data 3 Geometry v o4
4 Rigid Dynamis 1 @ Model v oy
Static Acoustics 5|2y Setup 7
[z Static Structural

ﬂ Steady-State Thermal
&'\ Thermal-Electric

@ Topology Optimization

% Transient Structural
Transient Thermal

{8 Turbomachinery FluidFlow
|E| Component Systems

iy ACP (Post)

iz ACP {Pre)

@ Autodyn

4 BladeGen

CFX

T - D
 CEEr
2 & EngneeringData +
3 g Geometry v .
4 @@ Model v 4
5 |3 Results 7

Al

[

a Setup

&

[ %

w
1
2 @ model
3
4

Solution

[ 9

enf] | onfl | enfl |

[

ACP (Pre)

L

g Engineering Data
@ Ensight (Forte)
External Data
ﬁ External Model

B Fluent

Fluent (with Fluent Meshing)

Forte W
| T View All / Customize.., | | < >
; Ready @Jobl\‘mltor ”IEIShowProgess ”L"',A_'lshow‘}ll\‘essages |.:5
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Static Structural

2 & Engineering Data & EngneeringData ~ ,———— M 2 & EngneeringData +
3T teomeiy— 7 W3 |y Geometry v ,———m3 [ Geometry v
4 @ Model V g———W 4 @ Model v W4 @ Model v
5 | il Setup w ————a5 WE SectionData v 5 |3 Results vy
ACP (Pre) 6 @ Setup v ACP (Post)
7 | Solution v 4
8 @ Results v 4
Static Structural
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Ynpyrue xapaktepucTuku ogHOHanpaBneHHOro
yrnennacTtuka

Ynpyrune KOHCTaHTbl 0gHOHaNpaBnNeHHOro
yrriennacTtmka (OpToTponHasa Moaesnb)

Froperty Value
E %4 Orthotropic Elasticity

Young's Modulus X direction 1,2E+11 | Pa
Young's Modulus ¥ direction 7, 5E+09 Pa
Young's Modulus Z direction 7, 5E+09 Pa
Poisson's Ratio XY 0,25

Poisson's Ratio ¥Z 0,4

Poisson's Ratio XZ 0,25

Shear Modulus XY 4 5E+09 Pa
Shear Modulus YZ 2,8E+09 Pa
Shear Modulus XZ 4, 5E+09 Pa

16.11.2019 kartashov@bmstu.ru 17



[TpOYHOCTHbIE XapaKTEPUCTUKM
OJHOHaNpPaBNEHHOro yrnennacTmka

[Mpenernbl NPOYHOCTU MO HANPSAXKEHUAM [Mpegernbl Npo4yHOCTU No Aedopmaumam
(opTOTpOMHasa Moaens) (opTOTpONHas Mmoaens)
B §A Orthotropic Stress Limits = & Orthotropic Strain Limits
Tensile X direction 1,55E+09 | Pa Tensile X direction 0,013
Tensile Y direction 1,9E+07 Pa Tensile ¥ direction 0,002
Tensile Z direction 1,9E+07 Pa Tensile 7 direction 0
Compressive X direction 6,5E+08 | Pa Compressive X direction -0,005
Compressive Y direction -5,5E+07 | Pa Compressive Y direction 0,013
Compressive Z direction -5,5E+07 | Pa Compressive Z direction 0
Shear XY TE+D7 Pa Shear XY 0,012
Shear Y¥Z 3E+07 Pa Shear Y7 0
Shear XZ FEHO7 Pa Shear %7 0

16.11.2019 kartashov@bmstu.ru 18



[lononHuTenbHble XapakTePUCTUKN MPOYHOCTU

3agaHne OononHUTENbHbIX KOHCTAHT
ana MmoanpuumMpoBaHHOIO KpUtepus
npoyHocTu lNaka

3agaHne AononHUTENbHbBIX KOHCTAHT
AN KpuTepust npoyHocTu Maka

= A Puck Constants = [ additional Puck Constants
Material Classification Material Specific Interface Weakening Factor 0,8
Compressive Indination XZ 0 Degradation Parameter s 0,5
Compressive Indination YZ 0 Degradation Parameter M 0,5
Tensile Indination XZ 0
Tensile Indination YZ 0
Degradation Parameter M 0 3a.£l|aH|/|e peryndapHoro
Degradation Parameter s 0 pacrnornoXxeHnd crioes
Interface Weakening Factor a KOMMO3uTa
= T Ply Type
Type Regular

16.11.2019 kartashov@bmstu.ru 1 9



XapaKkTepUCTMKN NEHHOro HaMoONTHNUTENS

Eyp,eM cyYMTaTb NMEHHbLIN HAMNOJSTHUTENMb KBA3NUN3OTPOIHbIM CO

cnegyroumnmMmm Xxapaktepmnctmnkamn.

= '_E| Isotropic Elasticity

16.11.2019 kartashov@bmstu.ru

Derive from Young's Modulus... ;I
Young's Modulus GE+07 Fa
Poisson's Ratio a,3

Bulk Modulus SE+07 Pa
Shear Modulus 2,3077EHOT Pa

20



ﬁ Engineering Data

Geometry

ﬁ Model

L, R S . |

=¥ Setup
ACP (Pre)

16.11.2019

[

6 @ Setup v ACP (Post)
7 |l Ssolution v 4
8§ Results v

Static Structural

kartashov@bmstu.ru
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16.11.2019

Name: [F73]

ID: Fabric.1

General | Draping Coefficients

Solid Model Opt.

General

Material: | Epouxy_carbon

Thicknece |'D.'DDD2

Price/Area: |1m.u

Mass/Area: 0.3

Post-Processing

Ignore for Post-Processing: ||

kartashov@bmstu.ru
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3agaHue TOmMWWH N Ha3Ha4YeHne maTepmanos

BepxHasa naHesnb

HwxHaa naHenb

Qutline o Qutline
| Filter:  Name - 2P @ el | Fitter:  Name - a1 8 &
Project " Project
D~ @] Model (A4, B4, C4) = @ Model (A4, B4, C4)
B M Geometry -, M Geometry

w B Part 3

,‘%:. Coordinate Systems

: V;%‘. Global Coordinate System
£ Connections

- A1 Mesh

- A Imported Plies

- [ Named Selections
E-{=] Static Structural (B6)
‘//\ Analysis Settings
,/8” Fixed Support
,/2” Modal Displacement

B
B
B
B

wim Part 1
I Part 2
6@ Part 3
- ,4‘L Coordinate Systems
[ ) ,‘%\ Global Coordinate System
£ Connections

[
[ ./@ Mesh
[
[

& Imported Plies

7 @1 Named Selections
E{=] Static Structural (B6)
b g7 Analysis Settings
./3” Fixed Support
./2” Modal Displacement

3anonHuTtenb

Project

Bl [§] Model (A4, B4, C4)
Eﬁ Geometry
i ey Partl

o I Part 2

» @@ Part3

= V‘%* Coordinate Systems
v;)a‘t:.‘ Global Coordinate System
J% Connections

J‘% Mesh

j Imported Plies

- 1@ Named Selections
=-{=] Static Structural (B6)
: v‘?}i Analysis Settings
',13” Fixed Support
"E‘” Modal Displacement

v -
Details of "Part 1" g Details of "Part 2" Details of "Part 3"
Graphics Properties G P rti Graphics Properties
[=]| Definition [=l| Definition =] Definition
S d N Suppressed Mo
Uppresse o ; - - Suppressed Ma
- - - Stiffness Behavior Flexible
stiffness Behavior Flexible i i Stiffness Behaviar Flexible
Coordinate System Default Coordinate System Coordinate System Default Coordinate System . .
- Reference Temperature | By Environment Coordinate System Default Coordinate System
Reference Temperature | By Environment -
Thickness 1 mm Thickness 1, mm Reference Temperature | By Environment
. Thickness Mod Manual -
Thickness Mode Manual ickness Mode .anua [=I| Material
- Offset Type Middle A
Offset Type Middle 5 — Assignment Foam
= = B
- Assignment Epoxy_carbon Monlinear Effects Mo
Assignment Epoxy_carbon Nonlinear Effects Yes Thermal Strain Effects | Ves
Monli Effect: ¥ -
onfinear .e : & Thermal Strain Effects | Yes Bounding Box
Thermal 5train Effects | Yes = ing Box -
B ing Box — Properties
- ' Statistics
Plo?erhs Statistics
s
16.11.2019 kartashov@bmstu.ru 2 3



HacTtpounkn ansa pasdmneHmnst ceTku

MaHenu

Qutline

J Fllter Name hd Z] 1= g
! g @ Part 3
E| ,L Coordinate Systems

«’)\ Global Coordinate System

,’% Connections

- A MultiZone Quad/Tri Method
A MultiZone Quad,Tri Method 2
A Hex Dominant Method
------ ﬁ 1 Body Sizing
j Imported Plies
3 Named Selections
=-,/=] Static Structural (86)
: ‘/ﬂ Analysis Settings
,/Ei.,, Fixed Suppart
-ﬁ” Modal Displacement
VE” Modal Displacement 2

Details of "MultiZone Quad,/Tri Method"” - Method

=l| Scope

Scoping Method Geometry Selection

Geometry 1 Body
|| Definition
Suppressed Mo
Method MultiZone Quad,/Tri

Surface Mesh Method Uniform

Element Midside Nodes | Use Global Setting

Free Face Mesh Type Cuad/Tri

Element Size 20, mm
-I| Advanced
Preserve Boundaries Protected
Mesh Based Defeaturing | Off
Sheet Loop Removal Mo

Minimum Edge Length 11,156 mm

Write ICEM CFD Files Ma

16.11.2019

3anonHuTtenbs

Outline R
|Filter: Name - 2 P H =l
: : o R Part 3 A
&l -‘,,L Coordinate Systems
,L Global Coordinate System
[, Connections
=l A Mesh
: ,,% MultiZone Quad/Tri Method
,,%1 MultiZone Quad/Tri Method 2
,,% Hex Dominant Method
A2 Body Sizing
[, ,/i Imported Plies
- @ Mamed Selections
= ,,E| Static Structural (B6)
i .ﬁ- Analysis Settings
,,Eiﬂ Fixed Support
ﬁ” Modal Displacement
ﬁ‘v MNodal Displacement 2 o
[ R
Details of "Body Sizing" - Sizing a

=) Scope
Scoping Method Geometry Selection
Geometry 1 Body
[=I| Definition
Suppressed Mo
Type Element Size
Element Size 20, mm
Behavior Soft
Curvature Normal Angle | Default
Growth Rate Default
Local Min Size Default (96692 mm)

kartashov@bmstu.ru
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[TomeHoBaHHbIe BbIOOPKN KOMMNOHEHTOB

Outline !
| Filter:  Mame - <] P H el
------- A MultiZone Quad)Tri Method 2 )
e A Hex Dominant Method
........ A, Body Sizing

----- j Imported Plies
E| ----- lfi:] Named Selections

- ./[i] Flange
........ -/[i] Flange_edge

-------- Jil mirror_edge_bottom

- _',Ii] mirror_edge_tom

- _',Ii] mirror_edge_bottom_node

........ v‘&] mirror_edge_top_node
B E Static Structural (B6)

b Analysis Settings
e ﬁ Fixed Support hd
: fF .. 4 oa—. s .

™ . == R [ = = u -
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i [ paHWYHbIE YCIOBUA U Harpy3Ku

| File Edit View Units Tools Help |J @ =+t | isole = 2/ShowErors T@ [id & @~ Wiorkshest i
(RAYR--EREEE & SEAAQAACE s © [

J ' Show Vertices *‘@Wireframe | D‘E‘-:‘Shostsh :.i\ B Random Colors %4 Annotation Preferences | LEl 31

Jﬁ [ Reset Explode Factor:  } Assembly Center hd

| WMEdgeColoring » £~ A~ A~ A~ A~ A |- |~IThicken Annotations
JErwironment . Inertial + @ Loads » . Supports « @ Conditions ~ @ﬂDirectFE ~ O, Mass Flow Rate | & |

QOutline

| Filter:  Name -

....... /581 mirrar_edge_bottom

------- v‘& mirror_edge_tom
------- v‘% mirror_edge_bottom_node

....... v‘& mirror_edge_top_node
—| Static Structural (B6)
....... > 7 Analysis Settings

, Fixed Support

------- ﬁ A Nodal Displacement
------- ﬁ A Nodal Displacement 2
A Modal Rotation e

ﬁﬂ MNodal Rotation 2 . Pressure: 2,5e-002 MPa

Details of "Static Structural (B&)"

[=]| Definition

Physics Type Structural

Analysis Type Static Structural

Solver Target Mechanical APDL

Options
Environment Temperature | 22, *C

Generate Input Only Mo

500,00 {rnrn)

Geometry 4 Print Preview}\ Report Previewf

Graph & Tabular Data

 Meger, Goph —

|E§l 8 Messages |No Selection |Metric (mm, kg, N, 5, m¥, mA] Degrees rad/ 7
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Static Structural
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1 Static Structural

2 & EngneeringData +~ ,——— M 2 & EngneeringData +
3 |y Geometry v ,——M3 |y Geometry v
4 g Model v ,———®4 g Model v
5 Mg Section Data v . 5 | iy Results v
6 @ Setup v ACP (Post)

7 @& solution v

8 @ Resuts v
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Co3gaHune naketa matepuana

= X
Mame: |Stackup.'|
ID: Stackup.l
General | Draping Coefficients | Analysis | Solid Model Opt. |
Fabrics
Symmetry: (@) Mo Symmetry () Even Symmetry  (_) Odd Symmetry
Layup Sequence: (&) Top-Down () Bottom-Up
+ ¥ B
Fabric Angle
Fabric.1 0.0
Fabric.1 -30.0
Stackup Properties
Thickness: 0.0006
Price/Area: 0.0
Weight/Area: 0.5
ok || Appy || Cancel

kartashov@bmstu.ru

28



8

% (03naHne KpMBOINMHENHOW CUCTEMbI KOOpAWHAT

i
A
2

. ﬂ Models

5. ¥ ACP Model
= & Material Data ACP Modlel

S o Materials 22092015 20:08
@ Epoxy_carbon selecton:
@ Foam O55 - Flange_elements
- & Fabrics
o A Fabric,]
- % Stackups

b 4 Stackup.l
- ¢ Sub Laminates
E d Element Sets

= @ Edge Sets
Flange_edge
g g

; Thickress.1
-8 mirror_edge_bottom 0.0036
3 mirror_edge_tom .
- [H| Geometry A0
S A3 Rosettes =) Rosette Properties - o
-8 1. Rosette
oy dov RoSEREE] MName: |Rosette_edge

‘;.I—. Rosette_edge
- {8 Look-Up Tables
- o} Selection Rules
= ﬂ Oriented Selection Sets Type: () Parallel () Radial () Cylindrical () Spherical (®) Edge Wise
-9 Top_elements

ID: Rosette_edge

Definition
Wy Bottom_elements

-y W Flange_elements Edge Set: hd

g & lodeing Broups igi 0.0000,0.0000,0.0000
- oy Sampling Points Qrigin: | (0.0000,0.0000,0.0000)

- 4 Section Cuts Direction 12 |{1.0000,0.0000,0.0000)
o 58 Solid Models
- 48 Sensors
e @ Layup Plots Xy xY Xz Xz ¥z ¥Z
- 2§ Scenes
e R Views
® Ply Book oK Apply Cancel
- %] Parameters
. & Material Data

Swap

Direction 2: | (0.0000,1.0000,0.0000)
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-rre
Models
£3 ACP Model
S & Materizl Data
B & Materials
. B Epoxy_carbon
. LB Foam
S & Fabrics
. L8 Fabric
& Stackups

~ Stackup.l
% Sub Laminates

& Element Sets

% Edge Sets

& Flange_edge

2 miror_edge_bottom

Co3naem opueHTUpoBaHHbIE HABOPBI
9N1IEMEHTOB 19 BCEX KOMMNOHEHTOB

Scene.l

| PEAFEEE T

O55-Top_slements

Thickness.1

D8 mimorcdgetom [ ol
) Geometry Oriented Selection Set Properties = O
- 43 Rosettes
&1, Rosette Name:
s Rosette.1 ID: Top_elements
s Rosette_edge
o {8 Look-Up Tables General | Rules | Draping
& Selection Rules Extension
- 4 Oriented Selection Sets —
NI Top_clements Element Sets: |[Top’]
4 Bottom_elements S
s N Flange_elements
- & Meodeling Groups Point: | (-0.0204,-0.4674,0.1423)
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Sampling P
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ID: SamplingPoint.

General
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Section Cut Type: (@) Modeling Ply Wise

Intersection Type: (@) Normal To Surface
Show Plane:

() Production Ply Wise () Analysis Ply Wise
() In Plane

Lok ]|
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3 Geometry v g3 Geometry v 3 Geometry v 4
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7 "E Solution W
a l? Results v

Static Structural
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[IlpocmaTprBaem pesynsraTthbl

[MpocmoTp «cpaboTaBLLero» KpUTepusi paspyLleHuns

Scenel |

868688 TE@m ¢ - @FIHeILLL LLLLILG

PacwmndpoBka 0603Ha4eHnmn

All available failure criteria are listed together with their failure mode abbreviations as used in failure mode plots.

7 Terms:
0875 .
+ e = strain, s = stress
075
00 « 1 = material 1 direction, 2 = material 2 direction, 3 = out-of-plane normal direction, 12 = in-plane shear,
13 and 23 = out-of-plane shear terms
« I = principal I direction, II = principal II direction, III = principal III direction
@ el « t = tension, c = compression
Criteria:

-

Maximum Strain: elt, elc, e2t, e2c, el12

-

Maximum Stress: sit, sic, s2t, s2c,s3t, s3¢, 512, 523, 513

Tsai-Wu 2-D and 3-D: tw

-

e Tsai-Hill 2-D and 3-D: th
« Hashin: hf (fiber failure), hm (matrix failure), hd (delamination failure)

« Puck (simplified, 2-D and 3-D Puck implementations are available): pf (fiber failure), pmA (matrix tension
failure), pmB (matrix compression failure), pmC (matrix shear failure), pd (delamination)
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B okHe Project Schematic BctaBnsetcsa mogyns ACP
(Pre).

2. B saveunke Engineering Data cosgaetca HoBbIN
MaTepwuan ¢ OpTOTPOMNHbLIMU XapaKTePUCTUKAMMN:

- ynpyrue xapaktepuctuku matepmana (Orthotropic
Elasticity);
- npegenbl MNPOYHOCTU MaTepuarna no HanpsKeHUsIM

(Orthotropic Stress Limits);

- npegenbl MNPOYHOCTM MaTtepuana no Aecopmauusam
(Orthotropic Strain Limits);

- koHcTaHThI [Naka (Puck Constants);

- Tun cnos (Ply Type — Regular);

- KOHCTaHTbl Ang moguduumpoBaHHoOro kputepusa [Maka
(Additional Puck Constants).

3. 3arpyxaeTtca 3apaHee NoAroToBNeHHas NoBEPXHOCTHAA
mMogenb (MM NOBEPXHOCTHas U TBepAoTeNnbHas Moaerb).
4. B auenke model 3agaetca TonwmHa oBOMOYKM U TUN
mMaTepuana (Ha 3ToM aTane yCroBHO — Nbon matepuan u
TOMNLWKUHA).

5. Co3gaeTcs KOHEYHO-3reMeHTHas ceTka.

6. Cospatotcss HeobxoouMMble MOMMEHOBAHHbIE BbIGOPKM
(Named Selection).

7. B okHe Project Schematic B mogyne ACP 3anyckaetca
ayenka «Setup».

8. Cospgaetca MoHocnon matepuana (Fabric) c
3afjaHHbIMM  paHee B Engineering Data ynpyrumu
Xxapakrepuctukamu u TonwmuHon (Thickness).

9. Cospaetrca naker Marepmana (Stackups) w3
HeobxoQuMOro KonuyecTBa CrioeB C 3afaHHbIMU yriamu
YKNagku.

[TopssifoK pacyeTa CrOUCTbIX KOMMNO3UTHBIX KOHCTPYKUMA B ANSysS
Workbench ¢ ncnonbsosannem moayns Composite PrepPost

10. Cospatotca HeobxoauMble CUCTEMbI  KOOpAWHAT
(Rosettes) ans cosgaHMst OPUEHTUPOBAHHOW YKNaaKu
nakeToB marepuvana.

11. CospaloTca OpUEeHTUPOBaHHble HabOpPbl ANEMEHTOB
(Oriented Element Set).

12. Cospatotca rpynnel cnoes matepuana (Modeling Ply
Groups) ¢ y4yeTOM HarnpasneHus YKragkM u Konu4ecTtsa
NnakeToB.

13. [llpoBepdaeTca npaBuUnbHOCTb YKNagKM Croes npu
nomow mnHcTpymeHTtoB (Sampling Elements n Section
Cuts).

13. B okHe Project Schematic BctaBnsietcs Heobxoanmbliin
TMN pacyeta (Hanpumep, Static Structural) ¢ cosgaHuem
CBSi3eM COOTBETCTBYIOLLNX A4eek ¢ adenkamm ACP.

14. B okHe Static Structural 3agatotca Bce Heobxoammble
Harpy3ku 1 rpaHnUYHbIE YCITOBUS.

15. B okHe Project Schematic BctaBnserca moagyns ACP
(Post) ¢ cospaHvem cBs3n Mexay sdenkamu Solution
(Static Structural) n Results (ACP (Post)).

16. O okHe Results (ACP (Post)) B anemeHTe fgepeBa
Definitions  BblGupatoTca  HeobGxoguMble — KpUTEPUM
paspyLleHus komnosuTta (Hanpumep, kputepun Puck’a).
17. B oanemeHTe pgepeBa Solution Bbibupaerca
UMEIoLLIeecs  pelleHMe U KpUTepun  paspyLUeHus,
aHanuaupyertcs pesynbsrar.

18. B anemeHTe gepesa Sampling Elements nposepsieTca
NMPOYHOCTb CNOEB B NOOGOM anemeHTe.

19. MNpu nomowm MHCTpyMeHTOB Draping aHanusunpyetca
CMATUE TKaHU 1 BbIKPOMKN MaTepuana.
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1 ACP (Pre) I8 = Static Structural i 9P ACP (Post)
2 & EnginesringData u 2 & EngneeringData 4 2§ Model v 2 & EngineeringData 5
Engineering Data 3 Geometry v o 3 @ setup v 4 3 Geometry v 4
4 @ Model v 4 @3 solution v . 4 @ Model v
5 iz Setup v 5 @ Resuts v 5 |3 Results v
ACP (Pre) Static Structural ACP (Post)
-
1 ACP (Pre)
2 @ EngnesringData 4
3 Geometry v
4 @ Model ?,
3 | i Setup 7
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HacTpouka ceTkn onga naHenewu

=

Details of "MultiZone Quad,/Tri Method" - Method a

Scope
Scoping Method Geometry Selection
Geometry 2 Bodies
Definition
Suppressed Ma
Method MultiZone Quad,Tri
surface Mesh Method Uniform
Element Crder Use Global Setting
Free Face Mesh Type Cuad,/Tri

Element Size 1.5e-002 m
Advanced
Preserve Boundaries Protected
fMesh Based Defeaturing | On

Defeature Size 2.e-003 m
Sheet Loop Removal Mo
Minimum Edge Length | 5.4089e-005 m
Write ICEM CFD Files Mo

HONYyCTUMOE UCKaXXeHNe CETKU

16.11.2019
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HacTpounka ceTkn ana 3anonHutens

BupTtyarnbHble s4enku

MeToa pa3bueHuns
Details of "Mesh" n
[=]| Display
Display Style |Use Geometry Setting
[=l| Defaults
Physics Preference | Mechanical

Element Crder Program Controlled
Element 5ize Default [4.43542-002 m)

Sizing

Quality

Inflation

Advanced

Statistics

F O OE

Pa3mep anemeHTa

Details of "Body Sizing" - Sizing n
[=l| Scope
Scoping Method | Geometry Selection
Geometry 1 Body
[=I| Definition
Suppressed Mo
Type Element Size
Element 5ize 1.5e-002 m
[=I| Advanced
Defeature 5ize | Default (2.2427e-004 m)
Behavior Soft
Growth Rate Default [1.85)
Capture Curvature | Mo
Capture Proximity |Mo
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FapMOHUYECKUUN aHaANM3 KOMNO3UTHbIX
KOHCTPYKUUK

3HaHMe napameTpoB CODOCTBEHHbIX KosiebaHW CTAHOBUTCSA Ba*KHbIM B YCNOBUAX
AVHAMUYECKOrO Harpy)XeHMss U NpuM  MOAENUPOBAHUM BUOpaUUIA U  NepexoaHbIX
NPOLECCOB B KOHCTPYKLUMAX. HaCTOTHbIM aHANN3 ABNAETCA IMHENHbIM U MOXKET YYMTbIBATb

apdeKTbl 3aTyXaHUA, HO UTHOPUPYET NAACTUYECKOE TEYEHME MATepmana U KOHTAKTHYIO
YKECTKOCTb.

PacuyeT napameTpoB COOCTBEHHbIX KO/NEOAHUN KOHCTPYKUMWM — MNEpBbIA 3Tanm
BMOPALMOHHOIO MCCNeAoBaHUA KOHCTPYKUMKU. Ero uenbto aBnsetca onpeaeneHue
CTENEHM ONACHOCTM BO3MOXKHbIX PE30HAHCHbIX peXMMOB. EcaiM onacHble rapMOHUKN He
nonagatoT B pabouynin AnmanasoH AEUCTBYIOWMX BHELWIHWUX HArpy3oK, TO KOHCTPYKLMS
0bObIYHO CYMTAETCA YAOBNETBOPUTE/IBHOM C TOYKU 3PEHUA NPOYHOCTM Npu BUbpaumsax. B
NPOTUBHOM C/ay4Yae MNpeaAnpPUHMMAIOTCA MNOMbITKU U3MEHUTb KOHCTPYKLUMIO TaKUM
obpa3om, YTobbl BbIBECTM €e cObBCTBEHHble 4acToTbl 3a paboumit avanasoH u (Mau)
NPOU3BOAUTCA OUEHKA OMACHOCTM PEe30HaHCHbIX KonebaHuMm no  BeInYMHe
BO3HMKaOLWKUX gedbopmaumii U HANPAXKEHNN B KOHCTPYKLMM.
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[[apMOHNYECKMX aHaNM3 KOMMNO3UTHbIX
KOHCTPYKUUN

an rapmoHn4yeCKkom dHa/In3e OuUeHWNBAETCA HaI'IpFl)KEHHO-,EI,E(I)OpMMpOBaHHOG
COCTOAHME KOHCTPYKUUUN NPUN BbIHYAKAOEHHDbIX KOI'IE6aHI/1F|X, KOTOpbIE BO36Y)K,£I,aI-OTCFI
BHeEWHUMU nepUuognyeCkn MamMmeHArnWnMMmnca CnaamMmu. OcobeHHO onacHbIMK ABNAKOTCA
PEe30OHaHCHbIE I-(O}'Ie6aHI/1‘r'I, BO3HUKaOWHMe rnpun cosnageHnun cobCTBEHHOM YacTOThI
KOHCTPYKUUN N HaCTOTbl BHELLHUX CU.

O,EI,HMM nu3 BO36V,CI,I/1T€J'I€V1 PE€30HAHCHbIX ABNIEHUN KaK B TPAaHCMUNCCNU aBTON\O6MIIFI,
TakK U B €ro Hecyu.l,eﬁ cncteme, ABNAeTCA ABUraTe/lb BHYTPEHHEro CropaHmMA C €ero
nepnogny4eckm MmeHAKLWNMMCA KPYTALLMM MOMEHTOM.
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[[apMOHNYECKMN aHaNN3 KOMMNO3UTHbIX
KOHCTPYKLIUW

HacTtoTa OCHOBHOH IFAPMOHHKH OIIPOKHIBIBAIOIICTIO MOMCHTA JJIA IBHIaTC-

1 C PaBHOMEPHBIM UYepeOBaHHEM palouHX XOJO0B MOJKET OBITh OIpeZellcHa II0
popmyme [1]:
. ni 0
® 60t
IJIe # — 4acTOTa BPAalIEHHA KOJIEHYATOr0 Bajia JBHTaTeld, 00/MHH; | — YHCIO IH-
JTHHIPOB JBHTATENA; T = 1 /U4 IBYXTAKTHOTO JBHIATEIA, T = 2 JUIA YETHIPEXTAKT-

HOTO ABHI'aTCIIA.
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[[apMOHNYECKMN aHaNN3 KOMMNO3UTHbIX
KOHCTPYKLIUW

HexoTopeie ABYXpAIHEIE NBHIATENH, HAOPHMED MIECTH- H ISCATHIIHIHH-
IpoBeie V-00pa3HbIe JBHTATEIH C YIJIOM pa3Baia 90° HMEIOT HEpAaBHOMEPHOE Ue-
peZoBaHHE padouHuX X0J0B. ECIIH B IpelemaxX KaXkJOoro psga MHIHHIPOB TAKOTO
IBHTATEN HMHTEPBAIBl MEXKIY BCIBIIKAMH B IHJIHHIPAX OJHHAKOBHl (KakK,
Halpumep, y aApurarensd SIM?3-236), To 9acToTa OCHOBHOI rapMOHHKH OIIPOKH/II-

Bawomero MOMCHTAa

~ 0.5ni

J2 = 60T )
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[[apMOHNYECKMN aHaNN3 KOMMNO3UTHbIX
KOHCTPYKL NI

Bnusiaue KpyTAIero MOMEHTa, CO374aBaeMOro CHUJIaMH HHEPIHH, OOBIYHO
OPUXOAUTCS YUYWTHIBATh B UYETBHIPEXIIWIWHIPOBBIX YETHIPEXTAKTHBIX JABUTATEISAX U
JIBUTATEISAX C HEPABHOMEPHBIM YEpPEIOBAHHUEM BCIBIIICK, TIJIE€ OH BHOCHUT BKJIAJ B
TapMOHHUKH BTOPOTO U 00JIe€ BLICOKOTO MOPSIIKOB.

B nganHoit pabore aHamu3 GOpM M YACTOT COOCTBEHHBIX KoJeOaHHUM
paccMaTpuBaeTCs IS IEpEeAHEro IpaBoro KpoHIITeWHa japurarens SAM3-238M2
aBromoouss Ypan-4320 (Homep aeranu mo karanory 432042-1001012-10). Hnsa storo
JBUTATEJIS TMAa30H YacTOT BPAICHHUS KOJEHYATOTO Bajia MPH XOJOCTOM XOJE JICKHUT B
nuamazone  550...2275  006/MMH, TO3TOMY  4YacTOTa OCHOBHOM  T'apMOHHUKH

ompoKuabIBaromero Momenrta (cMm. (1)) mexut B npeaenax 36,7...151,7 ',
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KoHTakTHas nHdopmauyus

e-mail: abkartashov@mail.ru;
pabo4yni TenedooH : 18-09;
MOOUIBbHbIN TENEJIOH: +7(926)275-0886.

Cnacubo 3a BHumMmaHume!
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