Quick Start Guide for

ESAComp

Version 4.0

The Quick Start Guide demonstrates the following basic functions:

O How to specify a ply O Laminate load response
O How to specify a laminate O Laminate FPF analysis
O Laminate 2.5D behavior analysis O Plate analysis

To get more help on using ESAComp, please refer to the online User's Guide.
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Key Features of ESAComp 4.0
Analysis capabilities for fiber/matrix FE export and import interfaces  for ABAQUS®,
micromechanics, plies, laminates, plates and ANSYS®, |-DEAS®, LS-DYNA® (export only),
stiffened panels, beams, bonded joints, and NASTRAN® and NISA® (export only). Add-on
mechanical joints. modules for further integration with ANSYS® and

MSC.Patran®.
Design capabilities. Evaluation and creation

of laminates based on the multiobjective User extensions. Analysis extensions and batch
design approach. mode.

Versatile result viewing capabilities. Comprehensive documentation  consisting of
Comparison tools, parametric studies, and online help and theoretical background documents.

graphic result displays.

Support services. Help desk, training, and
Data Bank of commonly used composite development of customized extensions.
materials.

Platforms: MS Windows, Linux and Unix
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Main window, active case

Classic ESAComp main window includes drop down menus, button bars and predefined window modes.

Ji ESAComp 4.0 - Stiffened plate (Wed Sep 26 15:45:22 2007) -lof x|
—) File Edit FEExpor Analyze Design Options Window Help

> & He | B | | 25 =
& = =
9 Transverse load | In-plane load | Matural frequencies | |
X k|
Narne Type Marne Type Mod Time
GFRP plate S35F,30lid;Reinf. = GFRP Solid;Reinf. Wed Sep 26 15:44:16 2007
GFRP-PYC Sandw. Reinf;Homog.core Wed Sep 26 15:45:16 2007
= GFRP-stiffener Solid;Reinf. Wed Sep 26 15:45:16 2007
Sandwich plate
4| [

X
MName Type |Mud Time I

Uniform pressure Pressure load Tue Feb 22 19:18:01 2005

T

| |

Databage [\ Active Case

:

Active Case tab opens the classic ESAComp GUI.

L Main window drop-down menus give access to all major functions.

L Button bars provide quick access to frequently used file/edit functions and analyses. The vertical
button bar on the left is for selecting the window mode: Fibers and Matrices, Plies, Laminates, ...
A set of object windows is opened according to the selection. The analysis button bar changes
accordingly.

h ESAComp 4.0 - Stiffened plate {modified)

Eile | Edit FE Expart Anahze Design OCptions Window Help

Madify

Cuplicate

— Wiew

—Dimensions

a (1000 mm b 1000 mm

Delete. ..
Marne Type

GFRP plate S55F;Solid;Reinf.
GFRP plate with 2 stiffeners, w_rnin 335F Stiffened;Solid;Reinf.

GFRP plate with stifener, w_min 5

—Edge supporis

~Cc &8 (F

Sandwich plate a8t . C j X -
adify o ¥ h &5
Cuplicate ~F a ~F
W5 ©c s &F
Delete

AR

Export As XML
Transwverse load (zrarivets GFRP d
ot e} Stiffeners... 0 Cornrment |

Object and analysis specification windows are accessed S

using drop-down menus and button bars. BS5FStiflened;Solic; Reint

a=1000.00 rmrm;k=1000.00 mm;h=8.00 mm;m_A=14769 gim?m=1
Wed har 2311:32:12 2005

Right-mouse-button menu provides a handy way to work
with edit and analysis functions of the active object Units.. oK cancel Help
window.
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Main window, database

At start-up ESAComp is run in the database mode. Tree type of view of ESAComp database is
shown in the left window pane and the active case in the right window pane.

i ESAComp 4.0 - Stiffened plate {Wed Sep 26 15:45:22 2007) =13 x|

File Edit FEEzport Analze Design Options Window Help

S ||| | & ®|Fe =2 S 6H
MName Mame |M0d.Time Type
_[:lﬁ Base directary] - Sliffiened plate Active
----anmpany ases Base directary =-Beam cross section
-2 |Data Bank Base directory i Stiffaner for plate GFRP plate with 2 stifeners, w_min‘wed Sep 26 15.. Beam
- [QyAdhesives Directary - Stiffaner for plate GFRP plate with stifiener, w_min  Wed Sep 26 15... Beam
(- [ Tores - Foam Directory E-Larminate
- [ Cores - Honaycomb Directory -~ GFRP Wed Sep 26 15... Lamin
- [ Cores - Other Directory - GFRP-PVC ‘Wed Sep 26 15.... Lamin
- [Fibers Directory - GFRP-stiffener ‘Wed Sep 26 15.... Lamin
F- [ Matrix materials Directory =-Plate
- [Z)Plies - Homogeneous Directory GFRP plate Wied Sep 26 15:.... Plate
[+ DP\ies - Reinfarced Directory -~ GFRP plate with 2 stiffeners, w_min Wied Sep 26 15:.... Flate
[]--j’nDemo Cases Base directary -~ GFRP plate with stiffener, w_min Wied Sep 26 15:.... Flate
=- E Other directories - Sandwich plate Wed Sep 26 15... Flate
B Drrive late load
-0 Drrive “wLInifarm pragsure Tue Feb 22 19:1.. Plate Iy
B-EF Drive Iy
B-Fi Drive - A Tue Feb 2219:0... Ply
B He Drive - E;Epoxy,JD-. 285/296/40 wWed Sep 26 15 Ply
B LS Drrive - PG SunFeb 2012.. Ply
4 | |

Database Active Case
1

Switching between the database mode and the active case mode is done using tabs.

The browser type ESAComp GUI allows expanding and collapsing directories, case files, ESAComp
object types, and ESAComp objects.

Button bar is grouped for database and active case related functions.

f &
With database browser objects can be = | E' o | &| %| -| '|
viewed on both window panes by double- Mame [ Tyme Mod
clicking = Siiffenad plate Active Case

E-Beam cross section
- Stiffener far plate GFRP plate with 2 stiffeners, w_min Beam cross section Wed

A case f||e (eg materia| data set from a - Stiffener for plate GFRP plate with stifener, w_min  Beam cross section Wed
ege . [=-Laminat

specific supplier) can be opened from the PR Laminte Tue
database tree (File menu, button bar, -~ GFRP-PVC Larninate Wed
- (3FRP-stiffener Laminate WWied

mouse menu). & prate
- GFRP plate Flate Satt
Objects can be imported from the database ' F F'” MECIEES ey : o
. . ate witn SUTener, w_ =] =]
to the active case with drag-and-drop. o plate e Wed

I'_fl--F'Iate load Duplicate
In the active case window pane object Ly T PSS view (e 020 Tue
related functions and analyses can be 8 Delste Tue
accessed with mouse menu. ~E{Epoxy,UD-.285/296/40 Expaort As KML... Tue
Ve Transverse load Sun
In-plane load

d I Matural frequencies J LI
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Demo 1: How to specify a ply = W

This demo shows how to specify a
unidirectional carbon/epoxy ply with

ﬂ fodify

ESAComp. Plies may also be imported o

from the database or created using Delete

micromechanics tool. R Py speciication 2]
230

Keywards...

Mechanical hehavior
" Orthotropic

Main window is opened when ESAComp
is started. Open the Plies window mode
using the button bar and select New from
the right mouse button edit menu.

p| © Transversely isotropic 23

¢ Transversely isotropic 12

i [sofropic
In the Ply specification window define W (SRR R
. . . . " Core ply, foam ! other
Ply identification and specify the ply to
be a Reinforced ply, UD 3 Wthh iS (@] Composition | () Operating environment |
Transversely ISOtrOpIC In the 23-p|ane Mechanical data | 1] Processing data |
Moisture diffiusion | ] Product data |

] Comment |

Description
Reinfply D
Orthotropic

FriSep 28 13:16:23 2007

Gooneeas
GOCORDBR

3 | ok | cancel | Hew |
Fly: Plydemo
TRANSVERSELY TRANSVERSELY . Ea—
ISOTROPIC 12 ISOTROPIC 23 Density tho (ke I

Mass per unit area m_A (@/m™ 310

Fiber valurme fraction V_f (%) Jso

Directionality f_1 (%) 100

Directionality f_2 (%) IU

Form of reinforcement:

Click Composition and type in the ply
composition data. Note that most of this
data is not required for typical analyses.
Click OK.

unidirectional

)i Mechanical and thermal/moisture data 2l

Ply: Fly demo

Click Mechanical data and specify the
Engineering constants...
Some of the engineering constants are

Emronment [-°C/-wo%- Mominal  ¥|  Define.. J Help

Engineering constants. . | (@) Expansion coefficients... |
) Firstfailure stresses and strains. /‘1 Thermal conductivity.. |

calculated by ESAComp in accordance
W|th the meChanlca| behaVIOI‘ Of the ply O Ultirnate stresses an% | ) Statistical distributions.. |
Only the in-plane constants are required oK | came | wew |
for typ|CaI Iam"‘]ate analyses CI|Ck OK In-plane engineering constanis Out-of-plane engineering constanis
Moduli (GPa) Moduli (GPa)

Specify also the Expansion - = [ -
coefficients Click OK 512 |5 531 |5 6_23 [307692307

" ’ Poisson's ratios Poisson's ratios

. . . nu_12 [0.2s n_13 [0.25 nu_z3 [o0.3

You can also specify e.g. the First failure P _

A ki Expansion coefficients - transv.is.23 2xl
stresses and strains... for FPF analyses — e |
and U|t|mate stresses and Strains . In-plane expansion coefiicients —— —Out-of-plane expansion coefficients
for DLF anal ses. Thermal expansion {(e-B/°C) Thermal expansion {e-BI°C)

y alpha_1 |-0.45 alpha_2 |30 alpha_3 [an
Maisture expansion (- 2h%) Maisture expansion (- 2w%)
beta_t [0 beta_2 0.6 beta 3 06
Units ok | cancel | Heln




When you have specified the mechanical data,
click OK to get back to the Ply specification
window. You can also specify the Processing
data, Product data , and Comment for the ply.

The ply identification can be a combination of a
user defined id-string and/or predefined
keywords. Select Keywords... inthe Ply
specification window.

Select Fiber from the Keywords available list
and click Expand . Repeat the Expand with
Carbon. Select HS (High Strength) and Add it in
the identification. The upper level keywords, Fiber
and Carbon, appear automatically in the
description. Description Carbon, for instance, is
used in the FPF analysis if Puck failure criteria
are used. Similarly you can specify keywords for
the resin, e.g. Matrix/Epoxy. Click OK. Your ply is
now identified as HS;Epoxy;Ply demo.

Click OK in the Ply specification window.

Demo 2: How to specify a laminate

This demo shows how to specify a sandwich
laminate with ESAComp. The laminate is made
up of 10 carbon/epoxy skin plies and an
aluminum honeycomb core. The laminate lay-up
is (0/+30/-30/+30/-30/0/-30/+30/-30/+30/0). The
plies are imported into the active case from the
ESAComp Data Bank.

ESAComp objects such as plies can be imported
from ESAComp data files (*.edf) using the
database mode . ESAComp data files, which are
referred as cases, are stored on four levels: User,
Company , Data Bank, and Demo.

To import the ply browse: Data Bank, directory
Plies — Reinforced, directory Carbon, directory
Epoxy, ESAComp data file Typical, and select the
skin ply T300;Epoxy;UD-.200/210/60. The import
can be made using button bar, mouse menu, or
drag-and-drop.

Import accordingly the core material 1/8-2024-
0.0015;HON-/80 from Cores -
Honeycomb/Aluminum/2024/Hexcel.

The imported plies are shown in the active case
window pane.

ESAComp Quick Start Guide

kIdentificatinn,.-‘l(eywnrds - ply 2x|
Identification
HE;Ply dermo
ldentification string |Ply dema
Keywords availahle Keywords for identification
-Fiber ; HET
+Aramid
-Carbon Remave
+Amoco
—Keywords for description
*Hercules bt "
Hid Add Fiber
H3 Carbon
+Hysol Grafil Rermove
M LI
Expand f Contract |
QK | Cancel | Help |
0°
30°
-30°
30°
> -30°
e o
- 0
—— e -30°
30°
-30°
30°
X 0°
% y
z
i ESAComp 4.0 - {untitled) =] 53]
Eile Edit FEEzport Anahze Design Options Window Help
o™ 8 &g
& || & o Ee < S @
Marme ||v‘ MName |Mnd Time
- @ User Cases (= {unfitledy
~wlyCompany Cases &-Ply
[ERMI Dt Eiank L.T300:EpmeyJD- 200621060 Fri Sep 2810
- Adhesives
[ Cores - Foam
(L Cores - Honeycomb
- [0 Cores - Other
QaFibers
(L Matrix materials
- Plies - Homogeneous
=
\ "
P cina Geigy.edl i
\{ P CHTEC.edf [
FiberCote edf W
iberite edf
BN les edf &
P Hexctledl
% &t i
5Py
AS4,3501-6,UD-128i145/65 Fi
T3I00.EpoxyF-2201 93550 FI
~T300;EpoiyF-275/193/40  Fi
- 200210
LUD-.340/208!
4 Wiew Object | ﬂ

\ Database } Active Case [
Ply: T300;Epoxy,UD- 200/21 W60
Reinf ply UD,Fiber,Carbon Toray,Matrix Eposy,
t=0.20 mm;m_A=310 a/m*rho=1550 kpim®Y¥_f=60%,1_1/2=100/0 Transv.is.23
Fri Sep 28 10:28:52 2007
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x
ﬁ Mame | Type |ModTime

In the active case mode open the Laminates e
window mode using the button bar and select Y = _
New from the right mouse button edit menu. ‘m =

fodify

Delete

In the Laminate specification window define — ExpatgiiL..

H H - H | —— 2600 behavior
Lamlnatg |dent|f|c§t!0n._ Se_lect Lay-up... from = et ‘
the Laminate specification window. ~— —

2%

minate specification
Fai

Select the plies to be used in the laminate. Add == | A Lol _Kepwores._|
(or double-click) them into the Selected plies list. o
Click OK. 5e1

Ser

Lay-up. | () Reference environrment I

() Interlaminar shear strength... | (] Camment.. I

Description

{ilful}
Lay | n=0;n_p=0,n_theta=0;h=0.00 mm;m_A=0 o/m?;
aterial cost=0 EUR/M*

T300;Epoxy;UD- 200/210/60 Fre | Mo Ot 01 D9-3357 3007
1/8-2024-0.0015:HON-80

T 2l

Plies in case (untitied)

Fre

Mai Ok | Cancel | Help
Laminate : (untitied) |
[c0a)
n= 1 h= 0.2mm m_A= 310g/m* AsBoDs . .
Solelnt symm.cross.ay The laminate lay-up is shown here, but
Layerangles  Layer ifickness (mri) Lay-up Top (1)

it can only be edited in the Lay-up list.

| [oa

45 2l
a0

Selected Plies neta Laminate:_(unjgle

T300;Epexy,UD-3 |theta [0ai+302)

1/8-2024-0.0015;] n= 2 n= 04mm mAs G20 gnT AR
Avallable plies Exnang SalidRein. Unsymm
aT300 ER o UD- cymm.Een | | Leverangles  Layer fickriss () Layup Top )
0 178-2024-0.001 5 g = [z ot 0a

mmos | 30
-30
S | | A
-45
P-layer
e | [

30a

Layer angles +theta are for
specifying so-called theta-

LE laminates applicable to
,_ iy Available plies Meibs QT .
s, || [Somsis [0 Erow U5 20iBT. ] 27200 2.5D behavior analyses.
b 1/8-2024-0.001 5;HON-/80 =3 h= 0.6&mm m_A= 0930 g/m* AsBDf
olid;Reinf. Unsymm.Balanced
Layer angles  Layer fickness (mri) Lay-up Top (1)

[ 2| oz Add

Symbols a and b are
used for referring to

Copy.

. 9 s, | Paste 2

the selected plies. (e | [y £ SN P

Avallable plies Bang_| [0aic-30ar3022)

aT300;Epoxy,UD-.200/210/60 Symm. Even W= 5 h= 1m A= 1860 gim®

% - -1 = = 1A= gin AsBDT

b 178-2024-0.001 5HON-80 S, O] Solid,Reinf. Unsymin.Balanced

S ecif the Ia -up as fO”OWS' L Layer angles  Layer flokriz=s () Lay-up Top 1)
pecity y-up : |
(

- select skin ply
- select layer angle O (pre-selected)
- Add layer to laminate

>

More plies... | Change plies. |
svaiae pi PR 22X

aT300;Epo  Laminate : (untitled)
b8-2024- - [(ai(+30aF 30a) Z100{=15) [mm]

- type angle 30 and Add layer to laminate, e e
layer angles 30 and -30 appear in the list — —

-select angle -30 and Add a layer et — );55

- select 30 and -30 layers from the Lay-up list 2z
and Multiply them by 2 s S0 3750

- select core, define its thickness t=15 mm, e R O o

and Add it to laminate in 0 angle

Copy
=101 x| paste
Expand

- select all the layers from the Lay-up list with mouse

Eile Edit Content

and define the laminate to be Symmetric-odd . This .
means that the symmetry plane lies in the middle T ]

b 175-2024-0.0015HON-f30 is balanced
. P-layer
0 ] _I Botiom (n)

/;g/ 7

a 30

a -30

a 307 L 7| Muttiply Simplify. View lay-up
oK Cancel Help

of the core layer, i.e. the number of layers is odd.

Now you have specified the lay-up for Laminate 1.

You can view the lay-up by clicking View lay-up button.
When the lay-up is done, click OK in the Lay-up and
Laminate specification windows.

»

a 300

10
1oa o ([T

Core thickness not scaled (ly: b)
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ki Laminate 2.50 behaviar - analysis specification 2l x|

Demo 3: Laminate 2.5D behavior analysis

Laminates

Select |

Testsamplel

Laminates

Laminate 2.5D behavior calculates laminate [ Jhme [t | i e
stiffness and expansion coefficients assuming — mn F‘;ﬂn‘::;:m — Yariable
24, Parameter
 Multiple theta

Mod Time

. Moaify

|n.plane stress state. Also, out-of-plane shear o _range. | i

stiffness values are computed. iew
Dl Laminate stifin. and compl. matrices |
Export As XML Laminate engineering const. and expansion coeff.

Laminate engineering constants (full)
Laminate expansion coefficients (full)
Laminate stifin. and comp africes
Mormalized laminate stiffn. and compl. matrices

The demonstrated laminates are imported
into the active case from the ESAComp P

Demo level. Alternatively, the case file LSS e Larminate out ot plane shear
including the laminate is opened. Froatistc skt e e gt )
Probabilistic load respgp€eifailure Sandwich face sheet engineering const. and expansion coeff
. . Sensitivity to ply prpfierties View laminate
To analyze laminate 2.5D behavior, select Bensiy o afer ortanttions |
- . MNoteheg trinate
2.5D behavior from the right mouse button Lallaropor Ply Input data can be
analysis menu (case: Short beam test). Free cag one set on from the resuit
Free edge post processing macro drop—down menu.
Moisture difusion
|
Result macros are selected from the / . I Laminate st and compl . rces = g
Analysis specification ~ window drop down o eee R EEESTEIE =10 Fio_ it Matixdmensions | neutdsta -
menu. Laminate stiffness and o
Theta-laminate E_x and alpha_x Laminate : Test sample1
X X i oPa o6 Modified : Sun Feh 37 11:50:34 2005
A Single or Multiple values can be given for |/« i B e (000 E0SE0BEE e 2
the laminate orientation Theta. This provides | ™| & | | @ ) ” o e
a way to study laminate properties in the e ) 1| e woismomsan s ooy T3 s s
global coordinate system as a function of the || ,| i - \\ ,,,,,,,,,, - | [T
laminate orientation. Y B R / to | | Stess motrces
/' R st ||, e s :
2.5D behavior analyses are applicable to A ’ ’ o opement ]
. . -20 B [B] a a a
theta-laminates and p-laminates as well. Inp- || ¢ » = = « « = » « = || o 0 0 0
laminates thickness proposition of the o ——— ,
A 3 - = (m) 111621 3676882 464876
selected p-layers are varied (case: Moisture | @i oo B - o A
dlfoS|0n). Modified - Sat Feb 13 21:47:64 2005 Compliance matrices
Lay-up : {theta attheta 3)SE h=1.36 mm o L’LI
Different options for result Display... and o s
Unit/format... can be defined. Specification
windows can be found under main window
Optlons dl’Op-dOWﬂ menu. )i Laminate 2.5 behavior; viTheta; piLamin =1ox|
Eile Edit Help
Several laminates can be selected for
. . . . Laminate E_x'vs. Theta
comparative studies. In Multiple analysis o
with Multiple theta option 2.5D behavior
analysis variable can be either laminate N
orientation or laminates ",mm,m.; e T .
(case: Free torsion of thin-...). . o
You can have several result — 0 -
windows open - i
simultaneously. When " - 2
analysis specification ¢ W% = = % % _ s
window is closed, all result WEHIZ B | Hlzem | E D oo
WIndOWS are Closed unless 1 \incied #45 profile 2 Pultruded profile 3 Laminated profile S oo
H H - D: Sun Feb 131814:35 2005 & T300;Epoxy;UD- 340/298/50
Pin-up is used. o
o : L:rc;vn:‘;dwp;gja.as 2008 a%ﬁ?ﬁiﬁgimeaﬁu
imannnanan] 75"
E_x" (GPa)
e B A G
2 Pultruded profile (008 10500 4460 1842 1113 8.6 7 750
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Demo 4: Laminate load response

Laminate Load response includes laminate
2.5D behavior analysis results subjected to
the applied loads. As a result layer strains
and stresses in different coordinate
systems can be determined.

Start by opening the case: 4-point bending
located under demo level and open the
Laminates window mode, which includes
Plies and Laminate loads objects as well.

Object windows can be arranged also horizontally
and vertically using Window drop-down menu from
the main window .

When new load is created click first
Laminate loads title bar and use edit New
Object button for example.

In the Laminate load specification

window define Load id. Select External
load type using Radio buttons and define
External loads (E)...

In addition to the variable part , a constant part can
be specified. This partitioning of load into two load

vectors may reflect, for instance, the different physical

natures of the applied loads.

In this demo, existing objects of the demo
case are used. Click Load response/
failure analysis specification button to
open Analysis specification window

Select Laminate , Load, and Analysis
type . Result macros are selected from the
Analysis specification  window drop-down
menu.

View object specification and object comments using
edit View Object button. -
=

Wiew Ohject

ﬁ Mame Type

hiod Time
= E;Epouxy,UD- 2851296/40 reinfply SatFeb 12 18:40:07 2005
m = HRH 10-1/4-1.5;HON-#24 honeye.core Fri Mar 12 12:00:00 1999
PUR hormog.core Sun Feb 20 12:06:19 2005
PYC hormog.core Sun Feb 2012:03:05 2005
!I_ammates\

Marne Type hod. Time

* GFRP-Momex Sandw.;Reinf;Honeye.core Sun Feb 13 18:37:57 2005
GFRP-PUR  Sandw.Reinf;Homog.core Sun Feb 20 12:20:48 2005
GFRP-PVC  Sandw.Reinf;Homog.core Sun Feb 2012:21:05 2005

Mame

4-paint bending at load paint Forces and moments Sun Feb 13 18:27:18 2005;
4-paint bending between load points Forces and moments Sun Feb 13 19:29:39 2005

Ji Laminate load specification 21

Keywords... |

Load: [wniitled)

= Forces and moments ~ Forces, Zero-curvature

¢ Mormalized stresses " Strains and curvatures

’rEx'ternal load type

] External loads (E)... \l [

1] Moisture loads (m)... | (I \Gtatistical distributions... |

Thermal loads (T)... |

__|Layer sirains (n)

2lx
Description (M)
_x II] h_x II]
orces and moments -
noctol 10:51:29 2007 N_y IU M_y IU
My IU Iy IU
OE j. Cancel | Hi ax IU—
Q_y ID
}i Laminate load response/failure - analysis specificati Constant part.. | Units... |
BFRP-FVC oK | cancel | Help |

4-point bending at load point

2l

Eile Edit 1,212 % .. Sirainvecior Inputdata Help

Select

Analysis type

f* Load response Laver strains: Actual (=Eq.) - eps_x
1 a 0 H
—Orientation 2 a o
3 a 45°
4 a 45"
& Single Theta & oa 9
6 b 0*
" Multiple Theta 7 oa  90°
8 a -45°
9 a  45°
10 =2 0
~Multiple failure eriterion | | 3, 2 -
™ Reinforced ply, UL -0.6 -0.4 -0.2 o 0.z 0.4 0.6
%
Core thickness not scaled! (ply: b)

eps”_x = 0.0000 % epsti_x = 04234 % kappa_x = 0.3706 1/m

Laminate : GFRP-PVC

Lay-up : (Da/0a/+45ak 452/30ai0b[=20)50 [mrn] h= 22.85 mrm

Layer strains (layer ¢y

Larninate stress-strain Ply
i & EEpoxy;UD- 285129640
Layer stressesistraing (|| pyc

Layer stresses {n}
Load : 4-point bending at load point
. Type : Forces and moments (Var,E)
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Demo 5: Laminate FPF analysis

Laminate FPF analysis calculates how
the laminate is able to withstand the load.
Analysis is based on selected failure
criteria and ply first failure strengths.

Click Load response/failure analysis
specification button to open Analysis
specification window  (case: 4-point
bending).

Select Laminate , Load, and Analysis
type . Several laminates and loads can be
selected for comparative studies like in
earlier example. Result macros are
selected from the Analysis specification
window drop down menu.

Result macros include e.g. laminate and
layer reserve factors/margin of safety,
failure modes, and critical layer(s).

Analysis takes into account failure within
layers and interlaminar shear failure in
between layers. In addition, core shear
failure and face sheet wrinkling are
considered for sandwich laminates.

Analysis results indicate criticality of core
shear, cs, and wrinkling . Graphics displays
criticality of individual layers as per “standard
FPF”. Inverse reserve factor, 1/RF, is a very
informative way to identify the most critical
layer.

When analysis type Failure, FPF is
selected, the Analysis options... can be
changed.

FPF analysis can also contain Multiple
failure criteria selected from the list of
pre-defined failure criteria. Software
supports use of user defined criteria as
well.

Effective load vector(s) used in the FPF
analysis are computed by multiplying the

specified nominal load vector(s) by Several result windows can be

Factors of safety open simultaneously. When
' analysis specification window

. ] . is changed, open result
Laminate FPF analysis forms the basis of windows become inactive.
the failure analysis for various structural Their content cannot be

elements like plates, beams, and changed from drop-down
. .. menus of the result windows.
mechanical joints.
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Demo 6: Plate analysis

Plate analyses include load response and failure of a
rectangular plate under transverse loads, plate buckling due
to in-plane loads, and plate natural frequencies.

Plate creation is started by clicking edit New Object button
when plate object is active. In Plate specification window
plate Dimensions , Edge Supports , and used Laminate are
specified.

Laminate(s) to be used in the plate need to be created first.
Laminate may be unsymmetric and unbalanced.

T, I, C, and Z-stiffeners may be defined in plate x-direction.
Stiffeners have equal spacing. Edge distance can be
different at the two edges.

Any feasible
combination of
clamped, simply
supported and
free edges is
allowed.

\

Stiffener cross section is specified similar to beam object
cross sections. Stiffener top flange can be left out.

Plate transverse load may contain a point load, pressure
load, line load in the x- and y-direction or any combination of

these.
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Individual object windows can be

added from Window drop-down menu.
When a single object is selected /
(marked with *) the related objects are
highlighted with “>". A change in the
properties of an object reflects to all

related objects. Before the change is
performed a confirmation is required.

Stiffener cross sections can be edited only through
stiffened plate specification.

Plates and stiffener results are shown
in separate displays. Both 3D contours
and numeric tables are available. For
shell elements laminate FPF analysis
is performed at each element and for
beams at various locations (case:
Stiffened plate).

Plate analysis is based on ESAComp
built-in FE solver. Plate is modeled
with MITC4 shell elements and beams
are based on Timoshenko beam
theory. Shell element is based on
FSDT and therefore, ply transverse
shear moduli must be specified.

Laminate in-plane loads are used in
the buckling analysis. The natural
frequency analysis provides first five
natural frequencies.
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