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Kompositberakning i Solidworks

Har foljer en kort beskrivning av hur en komposit kan beraknas i SolidWorks.

Berdkningen utgar fran ett enkelt lastfall, som pa bilden. \l/

o 0
Kriterier
e Modell som kan definieras med en jamntjock yta
e Materialdata, linjart ortotropiskt
e Randvillkor

Ytmodell

Skapa modellen som en Surface, dvs. en 2D-yta. Exemplet utgar fran en enkel platta 30x200, skapad
symmetriskt pa Front Plane for att koordinataxlarna ska stdmma med materialdefinitionen langre
fram.

Krafter laggs pa utefter kanter, i en punkt dar kanter mots, eller pa en hel yta. Eftersom kraften ska
angripa mitt pa ytan, behovs en kant. Denna skapas enklast med en Split Line, dar Right Plane skar
modellen.
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SW Simulation

Modulen aktiveras genom Tools > Add-ins... T T
Active Add-ins |5tartuu -
En berdkning kallas ”"Study”, och i exemplet anvands Static som e —
CircuitWorl
o . [ &8 Featureworks =]
utgangslage. (218 Photatiew ze0
[l scanToa0 B
]}, Solidworks Design Checker B
a Y /
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q Study Advisor es | Sheet Metal | Simuli m;t‘::iaol safety for components with linear
[ @, | New Study
— » Hame A
= ! Study 3
Type 2
ﬂ Static ‘—
@ Frequency
[@F] susing

Eventuellt kan problem uppstd om endast ”Static” ar aktiverat. Normalt ska det se ut som pa bilden
ovan, dar ett antal olika analystyper finns med (Frequency, Buckling...).

il
3 & & Options
——
Syns endast ”Static” beror det pa en bugg i licenshanteraren. Detta kan "= z
oftast (inte alltid) |6sas genom att:
s
T e
e Avmarkera allt i Add-in-rutan vl
. R Soldworks Toobox bramser
e Starta om SolidWorks e

e Direfter aktivera endast Add-in “Simulation”.

Definition av komposit

Hogerklicka pa ikonen som representerar ytan och valj Edit Definition och darefter Composite.

r~ ) . N
& A& Study 3 (-Default) % Em Eempnsin =
| FE Connections Apply/Edit Materil.. Shell Definition 7 [C]sandwich
* gf Firtures Edit Definition... _ & R Total Plies: -
L] External Loads Define Shell By Sellsited Faces... ° =
B Mesh =
L& | Excludefrom Analysis Type A [ symmetric
Make Rigid ) Thin
Fix S [] all Plies Same Material 3=
Detsils... ‘él G e ;
Add to New Eolder R [ Rotate 0¢ Reference
Copy

E] [mm

[] Ply angles relative to ply 1

Fly | Thickness | Angle |Materia|
Under Composite Options definieras hur kompositen ar uppbyggd: 1] 001 [ B
2 0.01 45
3 0.01 (i}
e Antal lager 4| o001 | a5

i 5 0.01 0
e Symmetri?
e Material — samma for alla eller olika?

e lagertjocklek
e Lagrets vinkel

Pa bilden ar fem lager upplagda. Material och lagertjocklek dnnu ej satt.
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Koordinatsystem

Det ar viktigt att koordinaterna stammer 6verens med hur materialet ar tankt att ligga. For att slippa
forvirring ar det enklast att Iata kompositen orienteras enligt koordinatsystemet i SW. Anvand
”Composite Orientation”.

[]Rotate 0°Reference g—
B [om =)

[]Ply angles relative to ply 1
Ply |Thickness | Angle |Material
1] 001 [0
2 [ 001 Z B
3 0.01 ]
D
4

[ show other composite shells
(@) Surface Mapping
(©) Planar Mapping

[Selected Reference -]
Load stack from fie...
T
|e ite Ori A
) [Face<2> ]
Mirror Orientation
Rotate Orientation

| offset

Material
Enklast ar forstas om alla lager har samma material. Klicka pa
materialikonen for att vilja/redigera material.

Symmetric
All Plies Same Material

Befintligt material
Vilj ur listan. Se till att ratt materialmodell &r vald: Linear Elastic Orthtropic.

[15] solidworks DIN Materials Properties | Tables & Curves | Appearance | crossHatch | custom | Appication Data [« |
1] Soliorks Matericls Material properties
{2 sustainabiiity Extras Materials in the default brary can not be edited. You must first copy the material to
33 custom Materials a custom library to editit,
" [i5 composites
=+ 5] Composi Model Type: Linear Elastic Orthotropic ¥ | —
#5) Foams.
-85 composites Units:

3= 60%E Glass filber in Epoxy matrix

:H C_EP1 filber in Epoxy matrix

3= Foam_for_lab Hame: C_EP1 filber in Epoxy matrix
Default failure  [Max von Mises Stress -
aiterion:

Description:

Category: Composites

Source:

Sustainability: Undefined Select...

Property Value Units -
Elastic Modulus in X 120000 Nimm2

Elastic Modulus in ¥ 3000 Nimm*"2 =
Elastic Modulus in Z 5000 Nimm"2 0
Poissan's Ration in XY 0.3 NIA
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Nytt material
Forutsatter att materialdata finns fran leverantor, CES Selector eller annan kalla.

1. Skapa ett nytt materialbibliotek(Hogerklick > New Library)

Lagg biblioteket nagonstans dar du kommer at det — hemkatalog, egen dator...
Skapa en ny kategori(Hogerklick > New Category)

Skapa nytt material(Hogerklick > New Material)

Byt materialmodell till linjart ortotropiskt, och enhet till MPa.

Mata in data for E-modul i x, y, z osv.

2.
3.
4.
5.
6.

Lagg till sokvagen till ditt materialbibliotek i Tools > Options > File Locations.

) B

Mew Library Ordna = My mapp

-

%% Dropbox o Mamn

Sort by Library

Composites.sldmat
= Riblintek U .

&L osDisk (C)
[
criEE7 a

Filnamn: Lﬁttkonstruld:lon‘

Delete

Filformat: [Ma‘lelial Database (*.sldmat)

Mew Library
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&8 Lattkonstruktion Properties | Tables &Curves | Appearance | CrossHatch | custom | Application Data | £+ [+
ﬁ Material properties

Rename Materials in the default library can not be edited. You must first copy the material to
a custom library to edit it.

Delete
Model Type: Linear Elastic Orthotropic '] ‘_

Move Up Uniits: - ﬁ

Move Down Category:

Cut Name:

Copy Defauit failure Max von Mises Stress
criterion:

Mew I_ihlar_',r Description: -

MNew Material I} Source:
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Display Style
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Col C:ProgramData\SolidWorks\SolidWerks 2012V ustom Materials Add...
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Sketch D: \CAD\SW-Materials

: Delete

‘.- Relations/Snaps -
Display/Selection Move Up
Performance —_—
Assemblies | IS LT |

External References
Default Templates

File Locations <——

FeatureManager
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Nar materialet ar klart: Klicka pa Apply och stang materialrutan. Nu bor det se ut som pa bilden,
med ditt nya material.

El [mm z)
] Ply angles relative to ply 1
Ply | Thickness | Angle |Material

1 0.01 0 C_EP1 filber in Epoxy
0.01 45 | C_FP1 filber in Epoxy
0.01 i} C_EP1 filber in Epoxy
0.01 ~45 | C_EP1 filber in Epoxy
0.01 i} C_EP1 filber in Epoxy

[ R ]

Material fran fardigt SW-bibliotek
Om ett material redan finns upplagt i ett SW-bibliotek kan man ldsa in det pa samma satt som i punkt
6 ovan.

Kopiera biblioteket till en plats som din SW-installation kommer at, och lagg till sokvagen dit.

Spara/lasa in lagerinformation

Definitionen av de olika lagren kan ta tid, om de dr manga. Darfér finns en funktion for att spara ut
lagren, ”Stack”, for att senare kunna anvanda den till andra modeller. Informationen sparas i en cvs-
fil, som dr en kommaseparerad textfil.

Om filen 6ppnas i exempelvis Notepad gar den att redigera.

- 4

[FILEL L Mllcomposite 5_layers CF.csy|

Filformat: |Plain tx files (*.csv)

Save stack to file...

« Dalj mappar

Load stack from file...

E compaesite_5_layers CF.csv - Anteckningar

Arkiv Redigera Format Visa Hjilp

solidworks simulation composite stack definition file,
units: ,mm,

stack is s¥mmetric,m,

angle of Ply 2-n relative to ply 1,N,

Thickness ,angle ,Material
0.01,0,<composites=:<C_EP1 filber in Epoxy matrix=,
0.01,45,<composites>:<C_EP1 filber in Epoxy matrix=,
0.01,0,<composites=:<C_EP1 filber in Epoxy matrix>,
0.01,-45,<composites>:<C_EP1 filber in Epoxy matrixs,
II 0.01,0,<composites=:<C_EP1 filber in Epoxy matrix=,

The following materials are not found in your database.
/_IA The referenced materials and ply numbers are
(C_EP2 filber in Epoxy matrix 1,

En fordefinierad ”Stack” lases in med Load stack ...

Om materialet inte finns, dyker denna ruta upp och ett C_EP2 filber in Epoy matrix 2.,
. . A C_EP2 filber in Epoxy matrix 3,
default-material anvands istallet. C_EP2 filber in Epoxy matrix 4

C_EP2 filber in Epoxy matrix 5,

)

So a default material (C_EP1 filber in Epoxy matrix) will be applied to the
following plies because a material was not defined.

Ply numbers:1,2,3 4.5
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Exemplet anvander lagerinformation fran composite_stack-1.csv. Efter att lagren laddats in ser det ut
som pa bilden. 24 lager med 0,183 mm tjocklek, symmetrisk upplagt.

Det ar alltid bast att 6ppna materialdialogen och dubbelkolla att ratt materialmodell ar vald.

Composite Options b3
Sandwich
Total Plies: 24 -
] symmetric Model Type: |Linear Elastic Orthotrapic -
[¥] &l Plies Same Material Uriits: [SI -Njm~2 (Pa) - ]
Rotate 0° Reference
El [om ™
Fly angles relative to ply 1
Fly |Thickness -
il 0.153 |
2 0.183 0 C_EP1 filber in Epo
3 | 0.183 | -45 |C_EP1 fiberin Epo
4 0.183 45 | C_EP1 filber in Epo
5 0.183 0 C_EP1 filber in Epo
6 0.183 0 C_FEP1 filberin Epo =
4| I |

Upplédgg for berdkning

Fixtures

Balkens dandar ska inte vara fast inspanda. Hogerklicka pa Fixtures och vilj Advanced Fixtures.
Markera Reference Geometry, valj de tva kanterna pa modellen och Front Plane som
referensriktning. Den forsta

riktningen far vara fri — omarkerad {20 rtations
& R 42 Surface Bodies(1)
— och de andra tva satts till 0. | [ Hiter oot specied>
. . . 0
Resultatet blir att andarna kan réra o S rahe
L. . . . . L+ origin
sig i X-riktning men inte i Y eller Z. B
ﬁj E split Line
| standard v
(T' ~ Symmetry
/| =
¥ Study 3 (-Default-) E"““::"mmt’ )
L balk (-Composite;Ply 1= C_EPL filber | e Refrence Geonet S
ﬁ'; Connections On Flat Faces
of ) on cyindrica Faces

7 Advisor...

Fixed Geometry...
Roller/Slider...
Fixed Hinge...

m

Use Reference Geomelry
Translations - Along Plane Dir 2 (mm)
Translations - Normsl to Plans (mi

Bearing Fixture...

Foundation Bolt...

Advanced Fitures... E
o fm
& - o ——
[ Reverse direction
& - T —

[ Reverse direction
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Loads
Hogerklicka pa External Loads, vélj Force. Markera linjen dar kraften ska angripa, och Front Plane

som referensriktning. Ange kraft i normalens riktning, valj Reverse om kraften gar at fel hall.
Exemplet anvander 1000 N.

Em_ - [NES) =% ha\k (Default< <Defsult>.

Sensars

_ = Force, Targue 2 Annotations
TRy Mesh & | Advisor @ X 4o (@] Surface Bodies(1)
=———————— 3= Material <not specified>
1 | Force.. Force/Torque 2 x -«
r @ To
Force e
e@, Terque... i 1 Right
fg Torque L Origin
Surface-Planel

[0 ||/ Edoe<t> B split Linex

) Normal ons

) Selected dircction <f———or
GlFr  —— | =

@ Peritem : =

4
Totsl A ;
- P —
E (= -] ¢
[Formaltor Flans ()] 1000
3
Force Al Y
SE "
%1 1 N
| w00 TN fp— Q:
4
Reverse direction ‘_

Mesh

Operationen delar upp modellen i finita element. Flytta instdllningen ndrmare "Fine” for att fa en
noggrannare berakning.

- @ External Loads
- Force-1 (:Per itern: -1000 N2

F Advisor...

< i—

58 | Simplify Model for Meshing E— Fine
& Create Mesh...
Reset
IMezh and Run S =

Kor simuleringen
B &

ns |Run | Results
Advizor

»

Deformed Compare E;{ Plot
Result  Results

ﬁ Des

-

Solving:
Sirwulation | Weldments | Evaluate | Di [ S |
\ Memary Usage: 22, 144K
Run Elapsed Time:5s
. Always show solver status wh I
Starts the solver for the active study. B e

s

Current Task: Iteration

Study

Degrees of Freedom: 32,466
Number of Nodes:5,411
Number of Elements:2, 596

Solver
Type:Iterative

Warnings:

l Convergence Plot ] l Solver Parameter ]

[ Pause ] [ Cancel ] [ Less<< ]
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Analysera resultatet

Displacement
Hogerklicka pa Results-mappen och vélj Displacement Plot. Ange Z som riktning, och True scale,
darefter Ok.

Dubbelklicka pa fargskalan och byt till ”Floating” och en decimals noggrannhet. Resultatet bor se ut
som pa nedersta bilden.

‘; Advisor... - Displacement Plot

« % B

Solver Messages...

Display ~
" | Define Factor Of Safety Plot... B [ozzo - ]
ﬂ' Define Stress Plot... . =L .
ﬂ" Define Displacernent Plot.. E| [I'I'In'l V]
[ | Define Strain Plot... E?

|meed(mtiuns ¥ |

[¥] Deformed Shape A

(2 Automatic

M 2.00961614
O
¥ % (@) True scale *—

— () User defined

Show max annotation
=
|¥] show plot details Show colors

Show legend

Show Min/Max range on shown parts
O only

»

@ Automatic UZ (mm}

-

(7 Defined:

-1 659e+000
1
. -2.488=+000
e
. -3.317e+000
Position/Format 3
4 = -4.147e+000

Predefined positions

o@D

Sy

4.9?55[}00

of w0 w -5 B05e+000
é 20 : % -6.635e+000
*I* [Norma] _] -7 46de+000
! -5 29Re+NNN
Ft [foatng -— - —
w1 *_ : B=h b

[V Use 1000 Separator () -9.85

| Color Options |
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Stress

Hogerklicka pa Results, valj Stress Plot. Klicka pa héaftstiftet for att halla dialogrutan éppen. Byt till X
normal stress, MPa och darefter ett lager i taget. Ok:a efter varje lager(gron bock) for att se plotten.
Markera ”Display results in ply direction” om fargerna inte visas korrekt. (Mojlig bugg.)

Composite Options b
G | — ) )
Maximum across all plies
vxoe— pl
/4
Display { A g 4 -
= v
B (st xNormalstess S SX (Wim?2 (MPa))
- ‘4] g Display results in ply direction on
bl (22080 . i msni:lpo?site s:..lrﬁ:u::el;.:iII
= v 12
[Advanced opt v] 105
P = .97
() Automatic . -288
g (200961514 65
@) True scale 474
(©) User defined
v 566
flq |t
o | | =
4 i A 751
[7] Maximum across all plies :.] e
3 *— - |
g v |8 935
Display results in ply direction on
[ composite surfaces -10238

En plot kan kopieras genom att hogerklicka pa den, valja Copy och darefter ett hogerklick pa Results-
mappen och Paste. Nagot omstandligt, men sedan &r det bara att redigera den(dubbelklick pa

plottnamnet) och byta lager. Bilden visar de forsta 12 lagren.

B@El Results
ul Displacement? (-Z disp-)
-
[ Stress2 (-Ply 2-)
[ Stress3 (-Ply 3-)
[ Stressd (-Ply 4-)
[ StressS (-Ply 5-)
[ Stress6 (-Ply 6-)
[ StressT (-Ply 1)
[ Stress@ (-Ply 8-)
[ Stressd (-Ply 8-
[ Stressi (-Phy 10-)
[ Stress1l (-Phy 11-)
[ Stress12 (-Phy 12-)




