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ki ESAComp 3.5 - (untitled)
File Edit FEExport Analze Design Options Window Help
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Specify a Ply

ki Ply specification 2|
Py |FIyDemU . Keywords... |
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Ply: |PIvDemn .

21

_Keorss_

Physical nature
+ Reinforced aly

~ Homogeneous ply
 Adhesive ply

Mechanical behavior
" Orthotropic

 {Transversely isairopic 2

 Transwarsely isotropic 12

Identification
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Specify a Ply
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Remove

~Keywards for description

Add Fiber
Carbon
Remuove Toray
|
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Specify a Ply

x|

Ply: |PIyDemn

Keywords..

—Physical nature
f* Reinforced ply

" Homogeneous ply

Fhysical nature

+ Reinforced ply

~ Homogeneous ply
" Adhesive ply

~Mechanical hehavior
" Orthotropic

¢ Transversely isotropic 12

= Adhesive ply
 Core ply, honeycomb
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R DY
)R, SRR
R =
SR, SRR
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—Mechanical behaviar

" Orthotropic

| * :Transversely isotropic 2

| " Transversely isotropic 12
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() Composition | () Processing data
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()} Operating enviranment | ) Comment |

Description

Reinf.ply
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Specify a Ply

Mechanical hehavior
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Specify a Ply

Ply: |PIyDemn Keywords..

Mechanical hehavior
" Orthotropic

Fhysical nature
+ Reinforced pl

~ Homogeneous ply

" Adhesive ply ¢ Transversely isotropic 12

€ Core ply, honeycomb  Isotropic

 Core ply, homogeneous

() Composition | () Processing data . éﬂﬁ*@ﬁi . I 2%&%
| 0 owen || WD2EPERE WP AR
| ©

9] Mechanical data
e || WAEITTRY] WP

()} Operating enviranment

Description
Reinf.ply

Transvis.23
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0K Cancel Help
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Ply: |PIvDemn

Keywords..

ki Composition - reinf.ply

Fly:  T300;938:PiDema

Thickness t{mrm)y

Physical nature
Reinforced ply

~ Homogeneous ply

 Adhesive ply

" Core ply, honeycamb

 Core ply, homogeneous

Mechanical behavior
" Orthotropic
o

Density rtho (ko™
Mass per unit area m_A (oim®) 310
Fiher valume fraction V_f (%)

Directionality T_1 (%) 100

Directionality 1_2 (%)

| Form of reinfarcement:

unidirectional

weave, plain

weave, fiill
wheave, satin

braid

Help

3D

mat, discontinuous fikers

() Composition () Processing data
9] Mechanical data | 9] Product data |
() Operating environment | () CGomment |

Description

Reinf.ply

Transvis.23

FriAug 03 14:54:508 2007

0K Cancel Help
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other v

3D random Help
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Ply: |PIyDemn

Fhysical nature
+ Reinforced ply

- Humageneouy
" Adhesive ply
£~ Core ply, haneycamb ~~

 Core ply, homogeneous

|sotropic

/ Fly: T300:038FKDemo

Thickness t{mmy
Density rho (ko/m™

Mass per unit area m_A (gim?) 310

Units. |

QK I Cancel | Help

21X

o.2]

Specify a Ply

() Composition

-| () Processlng}r

mposition - honeyc.core

9] Mechanical data

9] Product data

Fly: T300;938.FPNDemo

E—

()} Operating enviranment | ) Comment

Cell form

| Thickness t{mm)
I

Density tho (kgint) [1550

Description
Reinf.ply

Transvis.23
FriAug 02 14:64:58 2007

Mass per unit area m_A (a/m?) 310

—
—

Cell diameter D_cell {mm)

Wall thickness t_cell {(mm)

0K Cancel Help

Units

Ok | Cancel | Help |

B =

hexagonal
underexpanded
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flex-care
other
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21X

Ply. |PIyDemn

Physical nature

+ Reinforced phy

" Homogengous ply
" Adhesive ply

" Core ply, honeycomb

" Core ply, homogeneous

Kevwords...

Mechanical behaviar——
i Orthotropic

" |sotropic

Processing data I

9] Camposition
@] Mechanical data ) Product data I
()  Operating enviranment (@] Comment I

Description

Reinfply

Transw.is 23

FriAug 03 14:54:62 2007

Ok Cancel Help

Ply: T300,938,FPlvDemo

ical and thermal/moisture data

2 Engineering constants..

Specify a Ply

() Firstfailure stresses and strains

) Ultimate stresses and strains...

) Statistical distributions...

21

Expansion coeflicients.. |
Thermal conductivity. |
Moisture diffusion.. |

Ok | Cancel | Help |

LR
AU R AL
W KRR
i

WK AR 2
Al R
mRY R

© Componeering Inc.

ESAComp Training by CAEDA

33

Fly: T300;938FKDemo
In-plane engineering constants

ki Mechanical and thermal/moisture data 2lx|
Ply: T300,838 PlyDemo
()7 Enginesating constants . () Expansion coeficients |
()} Firstrailure stresses and strains. | () Thermal conductivity... |
9] Ultimate stresses and strains... | 9] Maisture diffusion... |
9] Statistical distributions |
K | Cancel | Help |
)i Engineering constants - transv.is.23 2x|

Pois§in's ratios

nu_12 §0.25

Out-of-plane engineering constants

Mo yH(ER Moduli (GPa)
E_1 I Ez |z ez s
13|l s a1 |

Poisson's ratios

G_23 |[z07882207

nu_13 (025

Units:

0K

| Cancel | Help I

Specify a Ply

F TN o
th 2 I A
w12 B i

T 1 WA 4 P

ISOTROPIC
T-1SO12
T-1S023
eI ORTHOTROPIC(all)

© Componeering Inc.

ESAComp Training by CAEDA

34

17



2(1+v)
E E .
u =1 ’ ﬁ&%gﬁiﬁg‘! Uji
Uij Uji

2 i
| Uij <E—j

W AR S HL I AL € I BRI A1

E
B |ISOTROPIC: G=——— T-ISO23:

T-1SO12: G

Specify a Ply
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ki Mechanical and thermal/moisture data 2lx|
Ply: T300,838 PlyDemo
[
() Enginesating constants | () Expansion coeficients
()} Firstrailure stresses and strains... | () Thermal conductivity... |
9] Ultimate stresses and strains... | 9] Maisture diffusion... |
9] Statistical distributions |
oK cancel Help |
v
[i Expansion coefficients - transy.is.23 20 x|
Ply: T300,93%,FPwDema
In-plane expansion coefficients ——————— Qut-of-plane expansion coeflicients

Thermal| Thermal expansion (e-B°C)

alpha_| alpha_3 |30

Maistur ansion (e-2) Maisture erpansion (g 2.w%)

beta_1

eta_2 06 beta 3 (|06

Units... QK | Cancel | Help |
ISOTROPIC T-ISO12 T-ISO23 ORTHOTROPIC(all)

Specify a Ply

W SN 1) A
HIH g2 Jm MR e

{E;J }:3 = AT{W}.ES
{E?m }1:3 = ‘é‘m{ﬁ}s

o B,

o, B,

LAt _ B;
{C‘f}zz_ 0 {6}33_ 0
0 0

0

© Componeering Inc. ESAComp Training by CAEDA

36

18



Specify a Ply

Ply: T300,938,PlyDemo

LS - Engineering constants | O Expansion coefiicients | | EE ?lltzllﬁ /Ei\ ( 3‘:1: H;%) *ﬁ ;Fg ’/fﬁB:

() Firstfailure stresses and strains | ) Therrmal conductivity. | EIJ E%*ﬂ' *ll‘ H/\J @jj .

9 Ultimate stresses and strains... | (] Moisture diffusion.. |

) Statistical distributions.. | Gc = vaf + Um (1_Vf )
Ok | Cancel | Help |

4 £ 4 5 e LA AR 0 R I AB I, 2 44 5 0
PRI SR, A1 K =B R, O = OV, + 0, V)

W T Y B LA IR R AR N AN RTINS 70 PR O

o

, o , Tl f T f

- -

m (o )gm i
T 3 o m

J Q 1| (O—m )s, max |1 & mu &

~1 - :

0 gfu gmu 0 gmu ‘gfu
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Specify a Ply

W JifE P T o 4 R ) P A
LU (IR AR Eime HEIEAAIRI AN, 2452 Oarar | 7
BRI AR T fome INETUERSEWTRL,  on
RAEH) Ny Tonn =0V +(02),, AN £ ”
Y T IR I PR AR T A B, W B

H Ot =0 0Vy) o R AR 3 i O v, v, 1
FANTFHEARBRIE, RV, 2V, w0
UV <Ny I, ERARBERET, TS “ oy,
LI, WU U< 0 .
9 Ve 2V I, ST SRR, @

W A= R KA
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Specify a Ply

CFUEMBIRNAE Snmac LLIEIR IR, SR | 4£;m
I8 B Emmax I FEAA B SEHEIR o /]
GV, <V, LR R,
*&Bﬁﬁjjjj{j O cmax :(O'f)gmmvf +0,,[1-Vy) , %}J 0 v 1
WA R =R R g
UV, 2V N, FERRER S AT TE VT e o
BT, SRR RN, BN

N Ol =V, WIRRIA<IR A RIL o " e

Emmax

€mmax

© Componeering Inc. ESAComp Training by CAEDA 39

Specify a Ply

_?Izl 2lx|

Fly:  T300;8338;FPlyDermo
In-pl

i Mechanical and thermal/moisture data

Ply: T300,838;PlyDemo

pl
[l Engineering constants J [a] Expansion coefiol FeE | ST €
—— |
{) [ Firstfailure stresses and strain [ Thermal conductivity. | rection 1 [ —ERs,
X

¥_epsc I

9] Ultimate stresses and strains... | 9] Moisture difusion.. | ]
Direction2 Y. | Y¥_epst |

9] Statistical distributions |

Y | Y_eps.c |
Ok Cancel Help | |
| Flane 12 5 | I S5_eps |
~ Outof-plan
Stregses (MPa) Strains (%)

[ | ﬁﬁﬂ%giﬁﬁ]\ E’(] r,%u'i&/l\i& EE /ﬂ\:j] Direction 3 Z.1 Zepst [
2P A el

W L L (% sutee S o
B A —

Q_eps |

Units: | 0K | Cancel | Help |

ISOTROPIC T-ISO12 T-ISO23 ORTHOTROPIC(all)
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Specify a Ply

b rechorneel e R i34 20
Ply: T300;938;PlyDerma Ply:  Ply: T300,938,PkDemo
~In-plane
() Engineering constants | () Expansian cnefﬁcientyr'
Strains (%)
) (i@ sresses and shamen | O WN. | Direction 1% 1, Hepstl |
. ¥_c| ¥_eps,cU |
9] Ultimate stresses and strains 9] Moisture diffusion | L
Direction 2 ¥_t,0) | W_epsty |
@] Statistical distributions |
Vg Ul Y_eps,c,U |
Qs | Cancel Help |
Plane12 8.1 |: | 5_eps
- Qut-of-plane
YA Ny A N2 kY Ny O, N Stresses (MPa) Strains (%)
A f 5'6 9%
. M\ /Dc\i :I:JXZ HU EX%}J&D Direction 31 Z_tU Z_epstil |
7 Zol Zeps ol |
-G, _BpS,C,
e

Units: | 0K | Cancel | Help |

ISOTROPIC T-1SO12 T-ISO23 ORTHOTROPIC(all)
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Specify a Ply

i Mechanical and thermal/moisture data x|

Ply: T300,838;PlyDemo

4] Enginesring constants | 6] Expansian coeficients | . % Eiﬁ)\ E,:] ’Ml%% i&/]\i&
AL} Al

{3 1 Firstfailure stresses and strains.. i 1) Thetmal conductivity. EE :/H\:jj ’_%L’E ‘I‘%ﬁﬁ /—\‘_E’ H

W3 = AN T R

O Statistical distributions | 4:5 T]E“ % .

9] Ultimate stresses and strains... | 9] Moisture difusion..

i Thermal conductivity 2=

Ply: T300,938,FlyDemo

e o s nemress mamacorseny ) | | SOTROPIC

e T-1ISO12

ampdafe [T fuimk T-1S023
ORTHOTROPIC(all)

Units: K Cancel Help |
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i Mechanical and thermal/moisture data x|
Ply: T300;438;PlyDemo
() Engineering constants | () Expansion coeficients |
() [ Firstfaiiure’stresses and strains... (| () Thermal canductivity. |

9] Ultimate stresses and strains

] Moisture diffusion

@] Statistical distributions

o |

i Moisture diffusion 2lx|
Ply: T300:938;PlyDemo
Diffusivity (through-the-thickness) Maximurm moisture content——————————————
] | s Maisture content at 100% RH
a %
c_n "C
Dependency on RH {(expanent)
E_D Jimaol b
Units.. QK Cancel | Help |

Specify a Ply

w ORI SR T 1)
L FNINLI ST

© Componeering Inc.
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i Mechanical and thermal/moisture data

Ply: T300,838;PlyDemo

0 Engineeting constants | (0 Expansion coeficients |
0} { Firstfailure stresses and strains... || (3 Thermal conductivity. |
9] Ultimate stresses and strains... | 9] Moisture difusion.. |

9] Statistical distributions

Cancel | Help | .

E_1walue Hang

Mormal

oK | Cancel | Help |

2x

Distribution | Log-narmal 'I .

Specify a Ply

ST RN AR &
B B, A
ORI A R AR

=R AR IEAD
A MPOES MG T
At IR I3 A 5

PASHE: bRfEZE. TT
Fo
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x| T 213

Specify a Ply

T300;338;PlyDemo

Ply: |P\yDemn Keywards, Fly:

—Operating temperature

/ Minimurm T_min (*CY \ Maximurm T_rmax (°C)

Fhysical nature Mechanical behaviar

+ Reinforced ply i~ Orhotropic
= ransvereely cotropic 73/

" Homogeneous ply
" Adhesive ply ¢~ Transversely isotrop)

—Operating pressure

Minimurm p_tain {bar) Maximurm p_tmax (bary

 Core ply, honeycomb  |sotropic

 Care ply, homogeneous

9] Frocessing data | Units | OK | Cancel | Help |

) Composition
) Mechanical data (9] Product data |
() oOperating enviranmel ) Comment |

et Wi B AR TR
Transv.is 23 o
mi s AR AR

FriAug 03 14:54.58 2007

i

0K Cancel Help
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Specify a Ply

2=

Py |P\yDemU Keywords

2 ft

(BT A2 5%) ]

Physical nature——  —~Mechanical behavior ki Processing data 20x|
& Reinforced ply " Orthatropic Ply: T300938;PlyDemo
© Homogenaous ply @ (Trangversely isafropic 37 Applicabiliflc  wet lay-up:resin transter molding
" Adhesive ply ™~ Transversely isotropic 12 =wet lay-up = Curing:
¢ Caore ply, honeycomb " Isotropic preprey lay-up T_cure (°C)
spray lay-up

filament winding Delta p_cure (har)

>resmt;ﬂnsfermolding b Delta p_vacuur (han

 Core ply, homogeneous

i

() Composition I () Processing data. press folding -
9] Mechanical data I 9] Product data |
(CLEES G COmEnt

()  Operating environment I () Comment |

Description

Reinfply

Transvis 23

Fri Aug 03 14:54:58 2007

Units Ok Cancel Help
QK Cancel Help

© Componeering Inc. ESAComp Training by CAEDA 46




Specify a Ply

ki Product data 21xl
2l
Ply: T300;938;PlyDemo
Ply. |P\yDemn Keywords Manufacturer ||
T
Fhysical nature Mechanical behaviar e I
+ Reinforced ply i~ Orhotropic Specification |
£ Homogeneous ply (= {Transversely isatfopic 23 Frice
" Adhesive ply ¢ Transversely isotropic 12 & EURIM?  EURIM® £ EURfkg
 Core ply, honeycomb  |sotropic
 Care ply, homogeneous Units.. | QK | Cancel | Help
) Composition I () Processing d;!
[ P conment STE |
[ Mechanical data I I ) Praduct data Ientifcaton : T300,Epoe 0. 200521 080
GENERAL CONMENTS
() Operating enviranment I ) Comment I Typical data af mom mperakes (35°C) wilh molskee weigh: coment 0 5% and v
valume cantent bess than 3.0%
Description > _
MECHANICAL DWTA
Reinf.ply = Coartain 4_1 ¥_t, ¥_t, §) Srst falure and ultenate sesses are considemad 10 b
Transv.is.23 ideritcal
FriAug 03 14:54:58 2007
0K Cancel Help
ok | canel el |
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i Elle Edit FEEgzport

e |

Specify a Ply

2l

Mame

Qrientation
+ Single theta
 Multiple theta

P

118-2024-0.0015HON-80
0

T300,Epc
Adhesive

theta (™ |o

Range..

Multiple analysis
Wariahle
Parameter

Snitch

| Ply 2/30 hehavior - select

Mew

Modify

Copy

Wiew

QK

\ﬁm_

Ples in cage now

Fiydamo

Delete

Carpet plots

Adhagke

EFEVEAN AT — A
X%, BEAX5R
TR EE, BRI Y
I HTIETAB AN o

© Componeering Inc.
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17820240 001 S HON-90

TAN0FEpooer - 071060

memoe | 0w Cancel

Help
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Specify a Ply

i Ply 2/3D behavior - analysis specification

k Ply 2/3D behavior - analysis specification

Plies Plyderno Plies

Select Select |

Flydemo

Multiple analysis — (MMl ki Py theta range (variabl 2|
Orientation————— i = R
Variahle Orientation
e a0
Single theta h _ B  single theta From Faq]
= Multiple theta Range.. +
It Switch | | & Multiple theta
Ste 15
[Py 2s ?

ok Cancel

Ply 230 hehavior - select
D o act

Plyin-plane eng. const. and exp. coeff

Ply 2D stiffn. and compl. matrices

Ply 3D stiffn. and compl. matrices

Ply invariant stifness properties

Transformation matrices

Wiew ply

Ply 2130 behavior; wtheta - select {polar ¢)
Ply 2/30 behavior, wtheta - selact (n)
Plyin-plane engineering const; viheta {line c)

Ply in-plane thermalfmoisture exp. coefl,; vtheta (line ¢)
Wiew ply

N AR S

| WA SIS |

© Componeering Inc. ESAComp Training by CAEDA 49

Specify a Ply

BSL="ETN (1, rly 2750 behavior vileta - sehock (ine o) Bl=lE4p; Ply 2/3D beha: select
Be B8 bk File Edit Help
13ee0n 3 T0ASBe-011 A
LELEL AL 1.524049-010
Stiffness matri - [C-ban] (14m® Py E_x. L_y and G_xy vs. (el
v z " = PlyE_1,E_2and G_12
GFa
e 140
0 o 120
IR 1 AAGRTD I Ie00T
X . 100
Complance matrts - 5 &ar] (M)
'3 z i E 80
1 genTen1 o
e o &0
1 a0 o
o 5 012000011
o 20010 a0
ot n ]
Tnstemalincesties s zpansion coallicests 0
L 2w .
apha_x " T16 beta_x = oS
wonay = 24 ¥ = 048 0
WOy = 264 Betaw = 082 B 1 Flydemo 2 T300,Epoxy;UD- 200/
¥y Phytema % )
/\ /\ Modied : Tus Aug OF 140517 2007 E2
_ — EES 1nni] G_12
MR ZE— AN
Ply E1 E2 G2
R GPa  GPa  GPa
_A/[\$‘ |E= % EES SN l%l 1 Plydema 7500 2500 1000
'z~ X VWed Aug 08 13:51:27 2007
2 TIH0OEpowyUD-200/21060 12500 80D 500
Sun Aug 05 23:36:40 2007
\
EL D il
'z~ /X
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Plies Plydemao

Select T300;Epoxy,UD-.200/21 0560

Multiple analysis.
Variahle -9010 90 step 15

Parameter  Ply

Orientation
 Single theta
& Multiple theta

theta () Iu
Range

| Ply 2/30 behavior; wtheta {ine )

oK close |

Specify a Ply

0 @ ® o

Help, |

/

Multiple analysis
Yariable Ply
Farameter  0to 90 step 18

Switch

| A EREA ) |

Py
= T By - 20021080

© Componeering Inc.

ESAComp Training |

ki ESAComp 3.5 - new (Tue Aug 07 22:01:19 2007}

i File Edit FEExzport | Analyze Design Options MWindow Help

e |

Carpet ploks

273D behavior

Specify a Ply
i Carpet plots - analysis specification x|
—Ply
| Plydemo j

Mame

theta () |44

1/8-2024-0.0015HON-/80
P 0

T300,Epc

Adhesive  Modify
Copy

Wiew

Delete

Carpet plots

TN

~Laminate lay-up
(Ditthetal30)s

Laminate property

- Flot parameters

0% line interval (%)

| SO BT |

0% line interval (%) 110 =

+ theta-line step (%) 5 hd

Carpet plot

Analysis options

Close |

B

Help |
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Specify a Ply

Lo Cormetoiot =loix Lo Cormetoiot =Ioi =
Be £ bb Be £ bb
102459008 - E_x 102459008 - E_x
oy o
a0 a0

== e

B[

20
e 0% 90
10
1
303
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uD_1

Thickness: 0.3mm
Density: 1600 kg/m3
Ex=115000 MPa
Ey=6500 MPa
Gxy=6000 MPa
Nuxy=0.28
Nuyz=0.34
X_t=2200 MPa
X_c=810 MPa
Y_t=40 MPa
Y_c=190 MPa
S=50 MPa

Q=50 MPa

uUD_2 Core_3
Thickness: 0.3mm

Specify a Ply

W Create two reinforced plies with transv. iso 23 as
material behavior, one core ply with isotropic
behavior and one adhesive ply.

adhesive_1

Density: 77 kg/m3 Thickness: 0.3mm

Density: 1850 kg/m3 Ex=70 MPa Density: 1600 kg/m3
Ex=38000 MPa Gxy=24 MPa Ex=1400 MPa
Ey=9000 MPa X_t=1.6 MPa Gxy=500 MPa
Gxy=4500 MPa X_c=1 MPa X_t=25 MPa
Nuxy=0.30 S=0.9 MPa X_c=40 MPa
Nuyz=0.30 S=25 MPa
X_t=930 MPa X_t,u=27 MPa
X_c=570 MPa X_c,u=44 MPa
Y_t=35 MPa S,u=27 MPa
Y_c=110 MPa X_eps,t,u=8.9
S=70 MPa X_eps,c,u=14.25
Q=70 MPa S_eps,u=25

© Componeering Inc.
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Fiber  {unatied)

ki Fiber specification

Fiber & Matrix

21

Fiber:  [untitied)

Keywords...

TR 5 AL

~LT-plang T-plana

saduli (GPa) Maduli {GRa)

EL [ et [ am [ ()i Composition | (] Processing data I

GLT 9] hechanical data | 9] Product data I

Faissan's rali

Polzzon's ratio e Iate () ﬁperatmg emvironment | ) Comment I

nu_LT n_TT
Degeription

C ok | _cancal | ew | ’7T Aug 09 00:01:43 2007
/ 0K Cancel Help |
Q Q \ SNy
W ERYE B RAA R E ;i

Expansion coeflicients.. |

0K | Cancel I

Help

© Componeering Inc.
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mETYES B (16
A 5 4R)
5T ]

f1: 17 M4
YT 7 LL A

f_1=0 5 100%
BT B ) e 5

FCAth X 1my n
L

© Componeering Inc.

Fibers

Select

Watrix materials W1

Select

VolumeAeight fract

T oW

@ Single value
 Multiple values:

Mass per unitarea - fibers
AT teir?)
Y1 (%) [80

Range. |

@ Single valug
© Multiple values

~Correction factors

11 () [100
o1

Range. oz

—
—

Bwitoh

~Muttiple del
Vel Standard -
Parameter:

[ Fiberimatrix misromeshanics (n)

Create ply.. |

B

oK Close Hep |

ESAComp Training by CAEDA

Fiber & Matrix

W5 A
I AR o ()=
R IEATR)

WOUL [ o ) 42
IERH

AL g 2 AR

56
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by, Fibarr matriee mscromeshanics; viraction - seled
[ )

B &t teb

Fiber & Matrix

Fiber /matris micromechanics; wdrectimalty 2l =l

OO e ) R KR AR

LA IR
it

m R LU A 2 00 B
SR BB R

m RO S Y\
R % H s H %
KB, ek k3
IR RAE .

bt i 1, E_7 and 6_12 v,
oF

1,5_2,6_17 and nu_17ve. Srecsianabty

Fier F
Modnied :Wed Aug 00 15:10:01 2007

atri miatarial - M

Merurevharnca merkel Stanadard

Fibige 74
Madifad  Wied Aug 08 151011 3007

Matris malial M1
Meesiied i Aug 00 151039 20T
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WP NEFYERIEAR AL

IR LT A R

Fiber & Matrix

W T YERNIEARL & AT AN ) 52 00 H
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LAMINATES SPECIFICATION

W Ply vs. layer
« ply = ¥k} (ESAComp object)
o layer = JZ ARG Z
o n = ZHEMRZE
o n_p = JZ AR ITIE 4 S 24 R P 4L
W AR — PR RN 2 AR
o RGAZNRBICEZ AR, FFAT AN 153 B 532

* "mixed” = laminate that is not solid or sandwich

© Componeering Inc. ESAComp Training by CAEDA 60
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LAMINATES SPECIFICATION

2 RR I X
= 2SR (U ST
24 Bt 2 ST L
5 SURIEBU MRS (K23 e
P BRI 2 T Aeae Y e s —

Comment. |

?@Eﬂ: f%_stress_free [ [ TReefannarshearsiengttin | ()
. Description
environment)
n=0n_p=0try_theta=:h=000 mnm_A=0 gée:
Material cost=0 ELIR Av?
FriNov 21 22:26:22 2003

oK Cancel Help

© Componeering Inc. ESAComp Training by CAEDA 61

LAMINATES SPECIFICATION

W bREJE AR BN E A R LA R R R 2 T
)52 X
uZEERSE T
* Theta-laminate: ¥ —AN 845 2 /Ml 2 0% A B
€ SR theta, H T HTblEtheta 1% 148 4L
J2 HE AR I e R AR A
o P-laminate: ¥ —/N 8 2 AN 2 1 B2 Lu s o
AR AT AT

© Componeering Inc. ESAComp Training by CAEDA 62
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M Selection of plies to be used in
laminate lay-up construction

LAMINATES SPECIFICATION

Sebectned Fins

Ao Neml 0% I Carcel Help

© Componeering Inc. ESAComp Training by CAEDA
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O L&Al PR iETT 0]

O e il 2 7 1)

05 X theta-laminate 4 )2 J7 7]
SE TR S, EHRE (ply) &

LAMINATES SPECIFICATION

A7 08 E MR oL

ORTLAR sl BT 0=
B HAE o
DA EIRHUO R XPFRE i e

238

© Componeering Inc. ESAComp Training by CAEDA
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Add, Cut, Copy, Paste: to add, cut or

LAMINATES SPECIFICATION

View lay-up: KAk BorE 2

S 54
delete, copy, paste the selected et
layer m o l:“:,;":: :
Symm. Even, Symm. Odd, = ';M B
Antis.balanced, Multiply: to apply v =
the specific operation on the = o
selected layer or layers 1 ———
Expand: {5 (1142 2 T —
P-layer: & X p-laminate[fJP-layer: o n
. [ Wity Sigliy [y
Simplify: 5Expand#i P R

© Componeering Inc. ESAComp Training by CAEDA
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LAMINATES SPECIFICATION

=
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LAMINATES SPECIFICATION

=]
—_—

i

i s ——
it || i | = | e

L
e
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LAMINATES SPECIFICATION

© Componeering Inc.
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LAMINATES SPECIFICATION

© Componeering Inc. ESAComp Training by CAEDA 69

LAMINATES SPECIFICATION

T
-

R
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Laminate secification
Lommale: [len1 Feeeds

1l Lapep

| 11 etmencs sricrrs |

)it oo e |

Description
SokdFlent.

el pan_fhetss et 00 men Sy el
531 Now 22 00347 2003

oK Cancal Helg

Fles o1 the Lamrdie Layes rdertoces
a.b

Urits

Interlaminar
shear strength
definition is
now available

LAMINATES SPECIFICATION

Defined

_ interlaminar
shear strength
for the selected
layer interface

List of all ply
interfaces in
the laminate

© Componeering Inc.
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PRACTICAL EXAMPLES

B Create 4 laminates with the same material:
* One unsymmetric laminate: “general” [0° /30° /90° ]
* One antisymm. balanced laminate: “anti-balanced” [30° ] g =

[30° /-30° ]

* One symmetric laminate: “symmetric” [0° /30° ]qc =

[0° /30° /30° /0° ]

e One symmetric balanced laminates: “symm. balanced”
[0° /30° /-30° ]ge =[0° /30° /-30° /-30° /30° /0° ]
B Create a laminate load N_x = 100000 N/m

© Componeering Inc.
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B E X Theta-laminate: [0/ 0 /- 0/90] ¢
W 52 Y P-laminate: [0/45P/- 45P/90] ¢

W e RIS EIIR . [0/90/Core] o, Core20mm)=

© Componeering Inc. ESAComp Training by CAEDA
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® 2.5D behavior

o BET R UR I AR FAR (1 WU BRI
AN BT o
o BEIEBIUINIE
W gy M NI 73 A
o EZER) (A iR A2 AR R
m R
o FREINZEN )2 B AR

© Componeering Inc. ESAComp Training by CAEDA 75

TRANSVERSE SHEAR

B ESACompX 2 T4 2 AR BES ( Classical
Lamination Theory ) Fl—BrBIY)ZTE# 2 ( First
Order Shear Deformation Theory ) )77 3 HE47 4 f)
BYIN J 73 M

W Shear stress distributions: Q, , Q) = 1,(2) , 1,,(2)

* load response and failure analyses

W GG R ) BT D) 9 RE A

» plate analyses

© Componeering Inc. ESAComp Training by CAEDA 76
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LAMINATE FAILURE ANALYSES

m R Z YGRS 4T (First Ply Failure analysis ,FPF)

o JETPTIE MR IRAE N R Z BRI UG B IR (2B
VPRIV HESD)

o W] LISR G FEA 1) BY I 7 1) — A I v )
(ESAComp 3.0: H F* H e SCHEN; BRI 3E 5508 1
Puck and Cuntze ¥ )

o FIEL T R Fh4E K BIT (plates, beams, mechanical
joints,...) 5 73 At 1 Al

© Componeering Inc. ESAComp Training by CAEDA 77

LAMINATE FAILURE ANALYSES

W 2R R BB 2> #T (Degraded laminate failure ,DLF)

EHIEWIR BT AL, AT R e AR 3 g - A% iy

A IE VIR

o [BJE B REHPRASGEHARIIC AT 320
T Z)

o TS5 H7: Laminate failure, Strength,
Envelopes

© Componeering Inc. ESAComp Training by CAEDA 78
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LAMINATE FAILURE ANALYSES

m B IR 17
o PUBAE{ERR ST DRI U ST (> TREERIZ OB
B DI R
o R IER S IR

o 2SI [EEYE )R f —max[rn T“j

Q R
2 2
f=t= Tl
c Q 2
© Componeering Inc. ESAComp Training by CAEDA 79

LAMINATE FAILURE ANALYSES

W &R T ARES 4 43 T (Wrinkling)
o JE TR AT IEDT,  HEA h kT

o S HASUE R B I B 24 R
(Feffective = SI:I *FoS * I:applied)

© Componeering Inc. ESAComp Training by CAEDA 80
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LAMINATE FAILURE ANALYSES

w JZ R B DI
© HAEAEIR BB VIN )T

. N NS el rebansimar shear strength |

& ST T JZ 1A BY ) 5% — —

J& (tau, )i : 15

o« J3)ZFIWr I T-Hashin #E
W) (2B A [ 2 1) Y. )
. I P
£ o= 7312 + 7232
‘ TILSZ

LAMINATE FAILURE ANALYSES

W)U N g 2 IR AR 5 Y. ) R K A

W 1t = 7, 2c =K R4, s = TN BIY,...

W SRR S5 Y N AR S R AN R A R AR, g
[F] i 7 (e.g. 2t/s)

W AR R AL T ST T AR A 2 AN, A SRR
A, WEIRAACKE 2 5 B HE A OCEL (e.g. Puck).

© Componeering Inc. ESAComp Training by CAEDA 82
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LAMINATE FAILURE ANALYSES

W AEH AR B 2 AR R 43 BT PR AT 2 e AR ) R
YA B2y HT(Margins of Safety,MoS; Factor of Safety
RF) , 3B CZEY ), A, JZ0
By i)
* MoSgpr (RFppp) st IR ZABINE S5 RN LG

» Note: ESAComp 3.0 Z HI A H MoSgee (WALFR FPF, 1
MOSgpg, FEFPF+wrinkling

W SRR TR R A B g e HRZ [ 3T D)
MoS (RF)fH

W ESHTEE R A, BRI (laminate failure
mode ) WoR A BERI IR TE

© Componeering Inc. ESAComp Training by CAEDA 83

CONSTANT AND VARIABLE

I HE (VIR AN B AR T S A ABBE 2 () ] 5

Frailure

WY AT AN R EUR SN (30 o T, XA RO A S
FRT. e
o I vs. HIBANE
o WRAEAT vs. BIAAAT
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CONSTANT AND VARIABLE
LOADS

WA AL I ) A B A

W RN ] DA RZ AT, DLV R AR B A AR R
m 2% Z ¥ (Factors of safety , FoS) |72 N T ik TREEAR
A ‘ v
(F={Fe)+{ry
{F}eﬂective:SF( FOSC{FC}+FOS‘I{FV})
o AR AR EE AN R 2 A RS A AR
o FasE R¥ (Stability factor , SF) &% & Rk 45 A 44 I it

© Componeering Inc. ESAComp Training by CAEDA 85

CONSTANT AND VARIABLE

m %1 Z%(Reserve factor \RF) 5 i &R 87 (5% &
w2 R:

{F e = FOS{F°} +RFF0S*{F"} , RF >0

W AN 24 (Margin of Safety, MoS)h:
MoS =RF -1

W RIS T ey 1 RS R T:

{Fc}failure:RFcFosc{Fc} , RF¢>0
{Fv}failure:RFvFOSV{Fv} ’ RFV>0

© Componeering Inc. ESAComp Training by CAEDA 86
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CONSTANT AND VARIABLE
LOADS

RF°=1.76
MoS° =76 % RF®* =162
MoS ™ = 62 %

RF'=143
MoS" =43 %

e RF =1.87
Fos™{F'} o MoS =87 %
{F}r A
RF'=1.96
MoS" = 96 %
» »
Ll >
2
{F'} Fos" {F'}
© Componeering Inc. ESAComp Training by CAEDA 87

CONSTANT AND VARIABLE

B RF = INF (infinite, J&75K) & n OG-, Joik
Rl 27Nk U

® RF = INDEF (indefinite, AMffixE) when decreasing
the magnitude of variable load does not lead to non-
critical loading condition

¢ Fos' {F} (2) ¢
N

Fos{F}(2) & RF = indef. (3)
FoS"{F} (1) A > RF = indef. Fos* {F}(3) 4 05" {F} (3)
FoS' {F'} (1) . M RF=1(2)
Fos® {F} (2) FoS' {F} @
RF°<1
L p\RF=1(1
Pi=3 A
Fos* {F} (1) oS Y ()
' v
© Componeering Inc. ESAComp Training by CAEDA 88
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CONSTANT AND VARIABLE
LOADS

W AR AT R A A AR R N A U5 3, TR I it
A RO, T ARSI (AR A5 R

W] DU SR n] RE 1 RO S LD R WTAR AR )=

m AR RFC 5 REY AT AT RERE 7%, SO n ey 5K
I 1) F R 2 5 1A 2 IR 2K

W R AT AR N 2 A HUE R AR R B

© Componeering Inc. ESAComp Training by CAEDA 89

PRACTICAL EXAMPLES

B Which each laminate make a “2.5D behavior” analysis
and observe laminate stiffness and compliance matrix

T T ——— iz
- e ety

b, ESALor S0 - sarmples (Sat Pare 2 192142 2005} 10l x|
Ble Edt FEEgrt Sabee Deson Optiors Wede beb

e |on | | 28| S5 |

e e o] 20 1500 5 5o AR
St e 221971 29 3003

Licansad i
thee dosign ergreesng gebh.

const and mgarcion coell

© Componeering Inc. ESAComp Training by CAEDA 90
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PRACTICAL EXAMPLES

W Select all laminates and make a “Load response/failure”
analysis

Licansad i
dhew dosign ergreesng gabh

© Componeering Inc. ESAComp Training by CAEDA 91

PRACTICAL EXAMPLES

W Selecteps® x,eps® _y,eps° _Xxy, kappa_x, kappa_y
and kappa_xy which correspond to mid-plane

0
Mol (4 42 4 By B Bl e
0
Nyl |4 4y 4 By By Bylle)
0
M| |4s “as 4ss Bie Pas Bos ||7ny
M| 1B By B Dy Dy Pgl|x,
Myl B2 B B P Pn Py,
Co ;‘
M_| |B, By B, D Dy D,
Vapea x w) [Pie P Pes Prs Pas Pesliy
I.:wu
2 tomen | 5] e | |
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PRACTICAL EXAMPLES

A T T alois]

aminate wpe' v gy,

' e —
0 .0 _0 0 0 _0 0.0 0 0.0 _0
CEx Ey Yy Ky Ky Ky Ex &y Vg K Ky Ky Ex &y Vg Ky Ky Ky 8, &y Vg Ky Ky Ky

000 .. 0000 |
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PRACTICAL EXAMPLES

M Create two orthogonal laminates

* “0/90” :
[0° /0° /0° /0° /O0° /90° /90° /90° /90° /90° ]ge
define interlaminar shear strength of 30MPa

e “90/0":
[90° /90° /90° /90° /90° /0° /0° /0° /0° /0° ]ge
define interlaminar shear strength of 30 MPa

W Create a laminate load Q_x = 100 000 N/m
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PRACTICAL EXAMPLES

B For each laminate “0/90” and “90/0” make a “load
response / failure” analysis with the “Qx” load

= e vt 9 et
=== | o] ke
ESAComp Training by CAEDA 95
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m E R BCE B3 4TN_y=100000N/m, %53 fif
N_x=100000N/m, &5 =G5 RAE AT 12440

i

W R A S AR AE A ATM_X=4000Nm/mE () K 1122 446
fE, FasE 2% (stability factor) =1.5

R AR
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PLATE ANALYSES

W4 LT IR 25 7

léWWM$%ﬁﬁﬁ\ﬁWﬁﬁ,u&E% LB )
Hr

| ﬁ?%ﬁﬁ@ﬁ]ﬂ%%}%& (FSDT) )4r#7
o XM “DLR J5 vk v By ) Wi
o WMINZG L HZ NG,y Fl Gog BiE

W 3.0 fRAENE AL FE XS HR AT i 4l )2 AR
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STIFFENED PLATE

m T, 1, C L Z #ifi AR

as
a hir "

1
hy
. }f | e an I
s
Cou n Ca| N T Con e Cal }
=l b, —lllehu  |by

i

v y Jen o ; n P
e o
‘A n K Y/ n K h, / n
X
x p—
S
AT, X :

@

2 e
©
(b)

B Hat cross section will be introduced later
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STIFFENED PLATE

L | il [,
o Plste: SPanedT2
o [= |mn b [
Tt gt Dmensicns
an B
—
Ii:l mm
|
e b= 40000 o B o
bl o e
be 20 o
Laminats Ta0ONVR 05504
s I o -~ -
ClETs— Lot i el van L
Dasenption Tange 1 lamingte
5555 St¥anad Sobd Rk
108 e A DL 0 e el 20 eern_ e 10 g e Sablared ciois sachon Flange 2 kminatn:
wind Sep 10 1020 38 2003
=1 Cic 1]
= - Cl 2 @ Lawout..
Kom| - o] | Ko | i o (e [ e |
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STIFFENED PLATE

Plate stiffeners specification [x]
~Stifener spacing
b= 400.00mm .
bel [0 men
b_et J20 e e R ]
be 1 ™ b \ b ! b h
N el s s _er
(- Gtffener cross section
@1 CC
(ol B o Lay-out..
CIHzt
Remave sifercr | 0% | Cocdd | Heb
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STIFFENED PLATE

W A TR s AR IR
FRL rrrarTE
WL ERR Bk S

=6l i

af2 |20 mm

b 40 mm
bow 252 mm

Flange 1laminate  [Mone ~| h=0.00 mm
Flangs 2 laminalte | Cross-ply +] h=0.80 mm
“eb laminate TR00(0/430/445/90)s ~| h=0.20 mm
units.. | 0k | Caed | Heb |
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ANALYSIS APPROACH

W[ B AR SR S () i G AR T 5, H AR e
WRE AT 1B
m JLTESAComp W B A B G K i 2 b AT AR 85449 70 B
B R S FIMITCARR 5 B 0 i As
o FLHARRAS R AH R AR 5 70 A
W 2 e A
o BT AU NAROE R A EE s =
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ANALYSIS APPROACH

W ARVRE SO, T SONE B AT R AL
w5
« ZJ7 AP sl B i AR
w s
 ZJy W LU R IS5 IR K Sl B R e
lymemﬁ%#ﬁME%ﬁ%ﬁﬁWWﬁ%@%mﬁﬁ
%)
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ANALYSIS APPROACH

W BN 2 1P 2 R G K
(USe)

B Load application in buckling
analysis

* Note: Laminate in-plane
load used in buckling

= =
e —H] =
— =
= =
= =
= =
= =
= =
—
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ANALYSIS APPROACH

W RS TTHERAG HEAT RO R KRB H (with
wrinkling, core shear, ILS,...)
W nsm i
o VFECINSRAN R E (N N A (web-flange
interface, web center,...)
o HHATERRBOMT
o JERFRAG A MM I AR PR Je 350 St it R IS AL TV 2 B
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RESULTS

® JET-OpenGLTI3D%E E &k AL Bon

W RN 5 5 43 ) ks

WIS, RS TGO E R AR A g S

WL TR RT R R A R (AR 25 A 45 )
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PRACTICAL EXAMPLES

B Model

© Componeering Inc. ESAComp Training by CAEDA 109

PRACTICAL EXAMPLES

M Create a sandwich laminate: “sandwich_1"
e [0° /90° /O° \lso
e with  a: UD ply of 0.3mm thickness
b: Core ply of 20mm thickness

© Componeering Inc. ESAComp Training by CAEDA 110
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PRACTICAL EXAMPLES

W Create a clamped sandwich plate “plate_1" with
dimensions 1000x500 mm

b, FSACamp L0 - sanyes (modiied) Lo E1 R e soecacaion e
G [de FEGot frahos Deogn (ptors Widow

Piate e T G
Dimencers
a [0 mm b [0 e
= Uage mapats »
| Type Fejrs rF
St E
5 ©s 5
‘Sokel Fomird -| . T
=™ [Felrs e
| Typs
Licorand o
e derign crgneeng grbh - = e |
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PRACTICAL EXAMPLES

M Create a uniform pressure plate load “p=100kpa” of
100 kPa

ﬂ
Plateioad X
Plnioad:  pel00kps
r-i ¥
Plrgload  [c=10000 PO B i
y r v v b v x|
I8 Pontbed. | i1 Liekod sdsecton.. | ’ X $% ¥-,,
S— FOb)
[ Pemesiost |- tre kot pasecien. | 1z Pa s
1 Coment. [ —0u P o
Dercrpion
Prosswnlind Fresnes foad
Sum How 23 10318 2003
wo [1od wa g [ W
o Cocnl Ty ] ws gt [ L
R Uniom
Unks.. o Cancel Hels
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PRACTICAL EXAMPLES

M Make a “Transverse load” analysis and choose the
type of analyse: “Load response” or “Failure”

phate1
Sard Hansgre
S 23 160 20 2008 | o Ha
Licanand ;I
e degn ergrees—ry gebh
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PRACTICAL EXAMPLES

W “Load response” analysis

e L8 G s

Flolebord [e=tooes =]

Al tgm

o
g ) L o o |

ﬂllll:cmel tish -
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W “Failure” analysis

Plate under transverse load - analysts specificatio

Flain [pwes 7]
Plats b wm =
Ansiat trpe
:_ :r::::” [ Uses spacified shas comsction lactore
[Piaee tadire unches raraverce boad - FPF | =l

FoS7v = 1:5F_| = 1: Topbaottonn;
HastelD Vi Mizrs: Nor

Sy ot 3 Carcl Help

|

PRACTICAL EXAMPLES
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BEAM ANALYSES

W R R SR
W, BT W61 B AR T, A T —
& “I”_’?A@ ﬂm::::m Fiactangie (T05} —
Y Ay ae B e R [ VR &
m BRI AU TY-Z VI T2 R
5 |
g 2 NERS
WO EREGE (10%) N bl
Teop/botion keingte | T00VI0T 2R =] Wb =1.60mm
= R el —
(2 = w— 0] Conmert. |
Dewerption.
by
Man Jan 17 144345 2000
ORI e | e |
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= BB
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. WisEHEAAT (C, S, F)
o Sl R B

m A T R RS A
AT LB s

L R PN T

BEAM ANALYSES

- -— -
- -
Purviond

ﬁj\ Boim e are by sF b T e
e | — [
A e ol [T e ke

e
YU Vi3 | g
-
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Evtemal load
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BEAM ANALYSES

W BT IR R 1 RS Y DI

R
m SR
TR
o BB BT RIS 2
B (#2224 47)
BT IR R KA BT
547

o ARIRBHR
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BEAM ANALYSES

R A AT IR

¢ S KR ISR ) = :
C AGFEETRIMR A O T
it AN

o AT R KA
m R A AR R B (5 b s
SIHTAR) T |

Uiburn sl lcaten
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Lay-out - Single scarf joint

Bonded joint  [untitled)
e B ST N —

Ein Edt Adhasion byet

P A RIRSE 2 Bk Fr

LMt/ AR IR, My TP F
SRR ot

YU, I, m /Ay

IR ) <2 4 A P8 LA R T A R 80 i =" mg S

gl

sig_zamns = TTIMPe  lsu_txamax = SASMPs s yzamax = D60 MPs

- e ot o esyones - Aaove s em )~ ST
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echanical jeint specification

Mechanical joint.  [Joinl

HUBZE % e
e B b

5. Mech. joint failure - load carrping capability (bar c)
Edit Chat MoS/RF  Num, MaS/RF

Laminate 1/RF at fasteners

TR #4542 1

% ST S i 08 -
AT A ATIRES o8 |-

K BATIRES, BRESALIN o4
v AR, RBCL AL, R
AT 02

o

2 & 4

o

[ Laminste 1tk
F—— Laminste 2

Tensile failure load : P_x = B.33 kM
N_x = 12667.09 Mim
Critical laminate/fastener - 2/, theta = 10°
© Componeering Inc. ESAComp Trzg Failure mode : beating
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W SR FEARAE:

ABAQUS

ANSYS

I-DEAS
MSC.Nastran/Patran

NISA. ASKA (currently export only)
LS-DYNA (under development)

B Other FE codes can be supported upon
request

FE INTEGRATION

Exgort e eco_tesp g
Fiore | [Fee]

Laranatns. Select |

|FIHII|P

W

JFE Cxpart AN S SheiLLie |
S — Mo Element Property
L et 2ol
s L m Faanete
FE Urits
Eaypcptons.
Iringration
O Lok | cwen | Heo |
il thechreis | |
traba et ey
Shell scton
It [
oo [ - Use i vion. [ s
Iebegatonports [«
OF. Carcel Hels I
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FE INTEGRATION
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o AR TG FE—
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FE INTEGRATION
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s ”SEIED{LEWH&[EIJV Element ¥

FE INTEGRATION

Dix|

S e r
Object Laminste ¥
Metho! ESAComp 7

Sedect Element

Eim 21:24 2932 38 39 53:56 61 64 69

Select Laminates
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FE INTEGRATION
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FE INTEGRATION

M More direct access from Patran to ESAComp (e.g.
layer charts for selected element with a “click”)
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