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Main topics of the ESAComp introduction

« Esacomp as a conceptual design tool. From the micro-mechanics to
analytical and FEA more powerful tool.

 Some good basic functionalities of the program:
— A good Data Bank of composite material data to start with
— Intuitive ply and laminate creation with friendly Ul
— Fundamental laminate design and analysis
— Some example of plate analysis
— Integration with other FEA tools (ie Ansys APDL and ACP)

e What is not covered here is micro-mechanics

 More advanced options will not be shown here and we point to the
EsaComp website for material download, webinars, ets. A specific
presentation by Harri Katajisto is also added to the WS material.
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ESAComp and COMPONEERING Inc. _

m ESAComp development was initiated by the

European Space Agency (ESA)

» Goal to establish industry standard laminate @esa
analysis software to replace in-house tools
« ESAComp 1.0 was released in 1998

® Developed by Componeering
» Helsinki, Finland based company COMPONEERING Inc.

EmOoNESEFINININES@EsEEn

Harri Katajisto
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ESAComp Shortly

o A toolbox for composite
designers and analysts

Conceptual desing > [Prelpnary desing > | Detailed design > | Certification >

= requirements - gample tests = laminate tests = component tests
? - review + regresentative = accurate shape + drawings
O CO n C e pt u al d es I g n = process geoynetry - discontinuities = documentation

+ materials
- sketches

- optinyization = production

o Common analyses cover:
 Laminates analysis
e Linear static stress/strain

Analyses and Tools

prEdlctlon, |Predimensi0ning ) |Dimen5icyﬁng > | Detailing > |Validati0n
. . . + trade-offs +/linear static - fatigue = verification
® N0n|lnearlty, bUCk“ng + COMposite « failure - delamination + FEA, composite )
. . design tools + nonlinearity + solid modeling design tools, in-
e Failure of laminates and - contacts - FEA, prod. design house tools :
- CAD, FEA, PIDO & simulation tools :
-

shell structures

https://indico.desy.de/contributionDisplay.py?sessionld=3&contribld=11&confld=6112

Harri Katajisto - PIER Workshop on Non-Sensitive Materials in High Energy Physics 2012, Sepember
13-14
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ESAComp Material Data Bank

« Updated database of 1000+ material within ESAComp

* Types of materials:
* Fibers
e Matrix materials
* Reinforced plies
 Core materials
 Adhesives

« Homogeneous materials (e.g. metals)

£, ESAComp 4.4 - (untitled)
File Edit FEExport Analyze Design Options Window Help

alo b Fl &
Name
@) User Cases
2 Company Cases
& Data Bank Total New Total New
&[] Adhesives 22 0 . = I Fibers 120 31
£ @ Cores - Foam 168 35 i - [C1 Aramid
2 Acryl - [l Carbon
[ PEI = Ml Glass
[ PES @ I3 Matrix materials 116 g
.PET AL Blig EIEEEL N 4 0
2 PMI 123
®- [ PUR - !
W rPVC - [l Carbon
2 saN M Glass
- [ Syntactic 3 mmc
(1 Cores -Honeycomb 283 0 & [ Other Updates in
=+ (@ Cores - Other 14 3 Jas Demo Cases -Group (@
M Balsa L Other directories ~Class
(21 Textile (©) Recentcases

@‘ EP-DT
'v) Detector Technologies

Name

/| Mod. Time | Type |4

- Company Cases
=21 Data Bank
=- [0 Adhesives
=- 1 Epoxy
w3 3M.edf
- 1% Adekit edf
- Araldite edf
w4 Cytec.edf
w7 Hysol edf
=B Spabond.edf
@ 1 Methacrylate
= PU
=- [ Silicone
=- Vinyl ester

= B Norpol.edf

=Pl
“ Norpol Fl-_..

& Cores - Foam
= Acryl
=- [ PE
=1 PES
=0 PET
= 3 PMI
E
E
E
E

71 PUR

7 [ PVC

7] SAN

7 [ Syntactic

Cores - Honeycomb
Cores - Other

(1 Fibers

7 (11 Matrix materials

= [0 Plies - Homogeneous
& [ Plies - Reinforced

- k. Demn Cases

co

[+
-
G-
E
[

FriAug 1._.
FriAug 1...
FriAug 1...
FriAug 1._.
FriAug 1._.
FriAug 1._.

FriAug 1._.

Tue Mar _..

Base directory
Base directory
Directory
Directory
Case file
Case file
Casefile
Casefile
Casefile
Case file
Directory
Directory
Directory
Directory
Casefile

Ply
Directory
Directory
Directory
Directory
Directory
Directory
Directory
Directory
Directory
Directory
Directory
Directory
Directory -
Directory
Directory
Directory

Base directory

Database | Active Case |
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ESAComp Material Data Bank

= About fifty reinforced ply material systems with statistical test data.

= The information has been extracted from Advanced General Aviation
Transport Experiments (AGATE) and MIL-HDBK-17-2F material

databases.

=2 Plies - Reinforced
- Aramid
= Carbon
= 1 BMI
= Epoxy
s CYTEC.edf
s 4 Grafil.edf
5 4 HexPly.edf
s M SaatiComposites.edf
s 4 Toho Tenax.edf
s 4 Typical edf
- M Umeco.edf
=1 PEEK
& (21 Phenolic
1 [ Glass
-3 MMC
- (1 Other

(|
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- 4ss Demo Cases
= (2 Benchmarks
= ¥ BCO02 Laminate stifiness.edf
= BC03 NAFEMS Stiffness Matrix and Th
=- ¥ BCO4 Reddy.edf
=- 2 BC05 NAFEMS Strength Analysis.edf
=- ¥ BCO6 Failure NCN .edf
= BCO08 Pagano.edf
=- ¥ BCO9 Nafems_R0031-3.edf
=- ¥ BC10 Stiffened panel edf
=- ¥ BC11 Natural frequency.edf
= ¥ BC12 Aerofoil.edf
= ¥ BC13 Hat stiffeners.edf
= BC14 Drive shaft.edf
= BC15 Cylindrical shell.edf
=- ¥ BC16 Underwater tank edf
- 4 BC17 Bonded joint.edf
=- ¥ BC18 Bonded joint.edf
= ¥ BC19 Notch.edf
= BC22 Free edge edf
= 4 BC23 Free edge edf

BN S T o PR

= (1 Examples

&
£
£
£
£
b
E
£
b
£
[
£
£
[
£
£
&
£
£
£
£
b
E
£
b
£
[
£
£

# EC01 Moisture diffusion.edf

M ECO02 Moisture diffusion.edf

™ ECO03 Moisture diffusion.edf

 ECO04 Moisture diffusion.edf

™ ECO05 Comparison of failure criteria in
™ ECO06 4-point bending.edf

# ECO07 3-point bending.edf

™ ECO08 Free torsion of thin-walled circul
™ ECO09 Pressurized structures.edf

™ EC10 Pressurized structures.edf

# EC11 Sandwich failure.edf

™ EC12 Short beam test.edf

M EC13 Stiffened panel buckling.edf

# EC14 Notched laminate.edf

™ EC15 Notched laminate_edf

¥ EC16 Environment.edf

® EC17 Material properties.edf

™ EC18 Material properties.edf

# EC19 Material properties.edf

® EC20 Material properties.edf

™ EC21 Material properties.edf

™ EC22 Bonded joint tension test.edf

™ EC23 NAFEMS R0031 edf

® EC24 Panel multiple point loads edf
™ EC25 Cylindrical shell.edf

™ EC26 Drive shaft edf

7 B EC27 Curved panel with hat stiffeners.
o P EC28 Stiffened cylinder.edf

-
-
-
=3
-
-
]..
-
-
-
-
-
-
-
-
-
-
-
-
=3
-
-
]..
-
-
-

o B EC29 Mesh sensitivity.edf
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How to Select (or Create) a Ply

[ SAComp 4.4.1 - (untitled) =lolx|
File Edit FEExpott Analze Design Opfions Window Help
slow @ £ bl@Ee| <=~ g
Name /| Mod. Time [Type | [Mame / [Mod Time | Type
{urtitied) Agtive Cage
710 Data Bank B:Z‘L‘iﬂ';‘f‘“ . ESAComp 4.4.1 - (untitied) 7 _ o] x|
® 3 Cores - Foam Directarny File Edit FE Export Analyze Design Options Window Help
& [ Cores - Honeycomb Directory
# [ Cores - Other Directory 6" R 6"
$Q Sure Dyecy ala|w|m| & ||| =8| 6|
= 3 Aramid Directory
g Carbon Direclory Name. i |Mmd,ﬁme |Type 1 [nvame / |Mnd, Time |Ty’pe
Lpaous Directory T 1 Plies Reinforced Direct | (uniitled) Active Case
T b 0 Aramid Direct E-Ply
® 3 Cyanate Directory B[ Carbon Direct L
B Ez';mh Blrcdizv 2 BMI Direct
® sler reclory = (1 Epoxy Direct —
I Dg‘c\:ny:mn oo E::E(i:ny M CYTEC.edf Wed Oct. Case Ply specification ll
= [ Phes - Rerforced Directory M Crafiledf SatOct . Case
= 0 Asamid Directory M HexPly.edf Wed Se . Case Piv: [T300.Epoxy,UD-.200/210/60 Keywords...
B g:';’:" B::m M SaatiComposites.edf SunSep.. Case . . .
® 01 MMGC ™ Toho Tenax edf FriAug1.. Case Physical nature —— Mechanical behavior
= 3 Other Directory = M Typical edf Tue Sep ... Case # Reinforced ply, unidirec | | © Orthotropic
@ %. gﬂE:?(:‘r:ﬁ:im Base directory E-Ply © Reinforced ply, other « Transversely isofropic
O Recent cases ﬁg:: ggg:g i El{"ssei’--- Ez © Homogeneous ply ¢ Transversely isofropic
-AS4; ;UD-.... FriSep .. r ; . ;
Database [ Aciive Case T300BSLOTAC  SunSep... Ply : (SRS ugugic
— T300;Epoxy;F-22... Fridan0... Ply B Bvicoey
‘h- T300,Epoxy,F-27_.. MonJan ...  Core ply, foam / othe
~> I uUD
T300.Epoxy,U x  C iti [ iting environme
T300;Epoxy,UD-.... FriJan0... Ply S | = = nf
T800:Epoxy,UD-.._. FriJan0.. Ply () Mechanicaldata | (0 Processingdata |
T800;Epoxy,UD Fridan0_.. Ply L
T800:Epoxy,UD-._ Fri Jan0_ Ply () Moisture diffusion | () Product data |
@ % Umeco edf FriOct1... Case (%) Extensi vanablp_*;,,,| (x) Comment |
&- (1 PEEK Direct Blsrei
/ tion
2 Reinf ply UD:Fiber.Carbon: Toray:Matrix:Epoxv:
t=0.20 mm:m A=310 a/m*rho=1550 ka/m®V f=60%

Fri Jan 08 11:06:32 2010

Ply: T300:Epoxy:UD- 200/210/60

Reinfply UD:Fiber.Carbon:Toray:Matrix.Epoxy:
1=0.20 mm:m A=310 a/m*rho=1550 ka/m*V f=60%F 1/2=100/0:T|
Fri Jan 08 11:06:32 2010

OK | cancel| Hep |

CERN EP-DT
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Ply Properties

., ESAComp 4.4.1 - test_case_ WS (modified) _ ol x|
File Edit FE Expun\Analyze Design Options Window Help
wla|G*b| =|=Bs @
2.50 behavior | Strength | Load response/failure |3ailurefdesfgﬂ enveloped
s ':‘“ . ! . Ply specification i‘ ies x|
1 . —_
. ame % |Type Mod Time
2 - £=p | Pw: [T300:EpoxUD- 200721060 Keywords .. F T
= 300;Epox... reinf.ply Fri Jan 08 11:06:32
DQOQOODO [ e Mechanical behavi
o QOQOQ o hysical nature echanical vior
Q & Reinforced ply, unidirec | | © Orthofropic —
 Reinforced ply, other @ Transversely isofropic ComposiHiEaEN il
€ He ply ¢ Transversely isofrogj Plv - T300:Epoxv:UD-.200/210/60
3 © Adhesive ply € |sotropic Thickness t (mm) 02 CPT
1 ¢ Core ply, honeycomi Density rho (ka/m®) 1550
 Core ply, foam / othe Mass per unit aream A (a/[310
= =7 Fiber volume fraction V (%60 =l
. . . . . = T - - -
Figure 4.2 Principal coordinate system 123 for plies. o postiol” | () speraingervironmend - MW s o [0
e () Mechanicaldata | (¥ Processingdata | Directionality f 2 (%) 0 K
) Moisture diffusion | () Productdata | Eomn ohlerfsieament
(x) Extension variables._| (%) Comment | unidiréctioral &l
Description Units...
Reinf.olv UD:Fiber.Carbon:Torav.Matrix Epoxv —I
1=0 20 mm:m A=310 a/m*:ho=1550 ka/im* V' =60% oK | cancel| Hep |
Fri Jan 08 11:06:32 2010
B OO OK | Cancel| Hep |
Engineering constants - transv.is.23 X GEEER | )
Plv: T300:Epoxv.UD-.200/210/60
Pl - T300:Epoxy:UD-.200/210/60 Reinf ply UD:Fiber:Carbon; Toray:Matrix Epoxy;
- - . . t=0.20 mm:m A=310 a/m?rho=1550 ka/m*V f=60%:f 1/2=100/0;Transvis.23
~In-plane engineering constants—— - Oui-of-plane engineering constants — Fri Jan 08 11:06:32 2010
Moduli (GPa Moduli (GPa
E1 [125 E 2|8 E3 [8
G 12[5 G 31]5 G 23 [3.076927
Poisson's ratio! Poisson's ratio!
nu 12[0.3 nu 13/0.3 nu 23/0.3
Units... | OK | cancel| Help
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From Ply to Laminate

,. ESAComp 4.4.1 - test_case_WS (Tue Feb 23 14:58:13 2016)

File Edit FEExport Analyze Design Opfions Window Help

o | || e | | ﬁb|&|g|%|@

2 5D behavior |

Strength | Load responseffailure |?arlure/d55fgr| envempe{

Name

N | Tvpe

Laminate s|

Keywords |

Laminat |my-laminate

(1 Lay-up...

( ) Reference environment..

() terlaminar shear strength| () Comment...

(11:06:32 .

(x) Extension variables... |

Description

n=0:n p=0:n theta=0:h=0.00 mm:m A=0 a/m*
Material cost=0 EUR/m?
Tue Feb 23 14:58:43 2016

oK Cancel |  Help |

Database  Active Case

EP-DT
Detector Technologies

CERN

=y

Lay-up ll
Laminate mv-laminate
[(0a/+45a/-45a/90a)SE
n==8 h=16mm m A= 2480 a/ AaBoDf
Solid:Reinf. Svmm.:Balanced
Laver anale Layer thickness (m -up Top (1
(45 a] [02 Add (
305 | Laver orient.(*) cut | gga
theta v | 190
Ci
> Unts _Cooy |
Paste )SE
Available plie Expand
a T300;Epoxy;UD-200/210  symm. Even
Symm. Odd
\ntis,balancg
_I‘ —I LI Bottom |
[ Mutiply|  simpify. | viewlayup |
More plies..| >hage€ plies.| oK Canc% Help

P-layer: a laminate
in which the
thickness proportion
of the selected p-
layer(s) is varied in
the analyses.

5]

File Edit Content

Laminate : my-laminate

Plies

a T300Epoxy,UD-.200/210/60

[=1

FN
2R

a0°
a0°

&

-
=2

P -2 DS E FU CR
W BOWm oW o R oW g

=1
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Lay-up Engineering Constants

7., ESAComp 4.4.1 - test_case_WS (medified) _|ol x|
File Edit FE Export Analyze Design Options Window Help
| |G| ] ||| S| H|
2.5D behavior | Strength | Load response/failure |?ailurefde9ign enve\ope%
%, Laminates x| x|
Name % [Type Mod Time

* my-laminat Solid;Reinf. TueFeb231...

%, Laminate 2.5D behavior - analys ll
Laminates [my jaminate
— Select
QOrientation Mul?iple Jeies
= =R =
-  Multiple theta Range... Switch

‘ =T300;Epox... reinfply Fri Jan 08 11:06:32 ..

|Laminate engineering const. and expansion coeff.

OK Close | Hep |

=/

CERN

EP-DT
Detector Technologies

Laminate engineering const. and expansion coeff.

File Edit Inputdata Help

(=[P

Fs
Laminate engineering constants and expansion coefficients
Laminate : my-laminate
Madified - Tue Feb 23 17:34:09 2016
Lay-up : (0a/+45a/-45a/90a)SO h=1.4mm
Ply t E1 E2 G12 nu_12 alpha_1/2 beta_1/2
mm GPa GPa GPa eBIFC  e-2W%
a T300;Epoxy;UD-200/210/60 02 125 8 5 0.3 -0.45/30 0/06
Moduli (GPa)
In-plane Flexural
E_x = 5220 E_x = 8625
Evy = 3751 Ey = 16.22
G_xy = 2056 G xy = 12.866
Poisson's ratios
nu_xy = 0419 nu_yx = 0.301
Thermal expansion coefficients
In-plane Curvat.
eB/°C (1/my~C
alpha_x = 099 delta_x = 0
alphay = 294 delta_y = 0
alpha_xy = 0 delta_xy = 0
Moisture expansion coefficients
In-plane Curvat.
e-2iw% (/m)iw%
beta_x = 00284 phi_x = 0
beta y = 0.0669 phi_y = 0
beta xy = 0 phi_xy = 0
Thermal conductivity
WimK WimK
lambda_x = - lambda_z = - |
lambda_y = -
lambda_xy = - Ll

Page 11



Lay-up Ply Polar Charts

| - - - Tl -
%, Laminate 2.5D behavior - analysis specification

Laminates [my-laminate

Select |

Orientat Multiple analysis
rentaton I— Variable -90to 90 step 1
¢ Singletheta | %7 (10 Paramete

o
Multiple theta Range.. | Switch_|

#, Laminate 2.5D behavior; v:Theta - select (polar c)
File Edit Help

=10l x|

[Laminate 2.5D behavior; v.Theta - select (polar c) =l
OK Close | Hep |
CERN EP-DT

Detector Technologies

Laminate E and G
GPa

60
o

20 7

60 40 20 0 20 40
x-direction —>»

B0
GPa

Laminate : my-laminate
Modified : Tue Feb 23 17:56:29 2016

Lay-up : (0a/+45a/-45a/90a)SO h=1.4mm

Ply
a T300EpoxyUD-200/210/60
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Laminate mv-laminate

Lay-up Code

| (0a/+45a/-45a/90a)S0O

n="7
Solid:Reinf.

h= 14mm m A= 2170 a/m? /7 AsBoDf

eldesian envelope!

Laver anale Layer thickness {m
45 a| [02 Add | : _ o] x|
45 | Laver orient() Cut | Oa pie £di torien
a0 |— 45a
theta | 190 -45a : .
< Copy Laminate : my-laminate
_Units... | Paste ) SO ,
Plies
Available plie Expand
T300E| UD-.200/210/60
a T300,Epoxy,UD-200210  Symm. Even| : PO
_Symm. Odd | R TN
\ntis_balanc 2 3 450 [
3 a 45°
q| | ] __Player | 4a 90° , _ —
5 g 45° &, Laminate specification ll
I_ Multiptﬂ Simplify | E;'a 4;: ’ Laminat |my-laminate Keywords...|
a
Maore plies. | Cha lies. OK Can
P I e I | l (x) Lay-up... | [!Referenceemrironn‘tent..]
— T
( ) terlaminar shear strenglh| (1 Comment... |
The code AsBoDf identifies that the in-plane stiffness matrix has a | B
\

specially orthotropic form, the coupling stiffness matrix is zero,
and the flexural stiffness matrix is full. Symmetric angle-ply
laminates, for example, possess this kind of mechanical

behaviour.

EP-DT

Detector Technologies

Solid:Reinf.

escription

n=7:n p=1.n theta=4:h=1.40 mmim A=2170 a/m*Svmm.__/
Feb 23 17:33:08 2016

N

VA

Cancel | Help |
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Symmetric and Balanced Laminate

B matrix is zero if you have a symmetric laminate.

« Al6 and A26 terms (the in-plane normal shear coupling terms ) are zero
then you have a balanced laminate.

Figure 1: A16 term illustration

_[ol x| A-Terms: characterizes the extension stiffness of a laminate
File Edit Mafrix dimensions Input data Help _I Extensional - shear N r " : N T
- N . - -~
Laminate stiffness and compliance matrices \ (_,’ N —>
' Li
Laminate : my-laminate ) B ——— B
Modified : Tue Feb 23 17:56:20 2016 An Ar 4‘..3
Lay-up : (Oa/+45a/-45a/902)SO h=1.4mm A1z Az Az Figure 2: B12 term illustration
Ply t E1 E2 G12 nui2 Am- Au Ass N ~ ca=N
mm GPa GPa GPa = AV - R -
a T300;Epoxy,UD-200/210/60 02 125 8 5 03 (—/’ —
stiffness matrices ‘-
B-Terms: characterizes the coupling stiffness of a laminate
[A]  B8.36186e+007  25168e+007 0 ) ) )
(Nfm)  2.5168e+007  6.0083e+007 0 Extensional/shear - Figure 3: B16 term illustration
0 0 287885e+007 " .
ndin t -
DA N, , i ———=—==>iN
w O : : . t/fj/ - /// d
) 0 0 0 <« —->
0 0 0 Bi1 Bz Bis 2 Ly
5) 21555 280346 141213 Biz Bz Bz
(Nm) 280346 453092 141213 .- ) _ _
141213 141213 339482 Big BAG 880 Figure 4: B66 term illustration
Compliance matrices NJ, 7 N_,.
fl | 368440.008 5 739216.000 0 D-Terms: characterizes the bending stiffness of a laminate . f
(MN) -573221¢-009  1.904482-008 0 : -
0 0 34736e-008 D1y Dy2 Dig
[b] 0 0 0 Dy2 D22 Dog Figure 5: D16 termillustration
(1IN) 0 0 0 : —
0 0 0 Das . .
[d] 0.0507041 00284932 0.00923903 M (' M
(1/{Nm))  -0.0284932 0260593 0.10029 s - et T A ; x
0.00923903 2010029 0.340127 | ng - twis 2 /
[ ¢
CERN EP-DT
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Laminate Strenqgt

Laminate strength - analysis speci | ll
Laminate |my-laminate
Select
- - - - - Laminate failure/design envelopes - analysis Speci ll
. Failure analysis, | Operating environment (optional)  and design envelopes =l
« FPF Temperature T (°C) | Laminate |my-laminate
 DLF Moisture content m (w | Select |
My FPF envelope
N
_  External load type 400000
[Laminate FPF strength (n) I & Forces and moments  Forces, zero-curvature .
. .  Nommalized stresses  Strains and curvatures
SF_I = 1; Top/bottom; Puck 2D; Max strain; Von Mises; Out-of-plan o
—Horzontal axis———— ~Verlicalaxis—————
. . 200000
Analysis options... | 0K Close | Help | & N x CM X N x ©Mx
Ny My & Ny My 40000
© N_xy Moy © N_xy © M_xy o Lo
—|ol x|
—Envelope type—— ~Envelope parameter——————————
e 1e+006 -B00000 -500000 -400000 -200000 L] 200000 400000 GOO000
O o N Nim
Laminate FPF strength analysis FFF = None e o i e - .
(‘ DLF r.. Layer X- and y-Lomponents not in same sCal
Laminale . my-laminate Failure criterion : Puck 20; Max strain; Vion Mises, Out-of-plane shear, Qut-of-plane shear, None
Modified : Tue Feb 23 17 56 20 2016 ¢ FPF+DLF  Load |N Xy =l 'Range... (U0 non-LID;  honeyc. core; core; adhesive)
I" Desian (FoSi Eailere et param. - p_TITITT-2M{carban}=0 3500, 30 2750 50 5 atherj=0 20 250 2250 505
Lay-up : (0a/+45a/-452/90a)S0 h=1.4 mm 7 " Failure criteric Select... recovery - layes
' Design DLHEPE _
Piy Laminate : my-laminate
a T300,Epory.UD- 20021060 Modified : Tue Feb 23 17.56.20 2016
Failure critenion - Puck 20; Max strain; Von Mises; Out-of-plane shear, Out-of-plane shear, None Lay-up: (Oaia5a/450000)S0 h=1.4mm
{UD; non-UD; homogeneous, honeyc. core, foamvother core; adhesive) Ply
Failure cril. param_ - p_TIe/TILTT-/s/M{carbon)=0 360 310 2750 510 5 (olhery=0 30 2510 2250 510 § - - -  T300,Epory.UD- 200721060
. -Byertop [Failure and design envelopes =
Fos"c = 1; FosS"v = 1; Sk _I=1; lop/bottom;
Laminate FPF strength Purk 20N May strain” Vinn Mises: (hi-nf-nlane shear Oif-nf-nlane she
Fi . .
o Analysis options... OK | Close | _Hep |
mode ol layers mode cnt layers
N_d = 41548882 MM MA) (90%) N_w = -S880S5ET MM Mc (DY)
Nyt = 20693590 Wm  iM(A) (0°) Nyc = -420071.24Wm M (90%)
N_xy+ = 350582 38 MM HA) (-45°%) N xy- = 36058238 WM  IM(A) (45%)
ax = -Nm - - = -Nm - -
Momaents
mode ol layers mode cnt layers
X+ = 22654Nmam TE 1(0%) M- = -Z2ES4NmVm fc 700
Mys = 2687 Hmim MA) T(0%) My- = -26.97 Nmvm iMA) 1(0%)
M xy+ = 4521 Nmim iftjA)  1(0%) M xy- = 46 21 Nmim (A} T(0°)

CERN EP-DT
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CERN

Analysis of

¥ LSAComp 4.4.1 - test_case_WS5 (Fri Feb 26 15:56:17 2016)

Detector Technologies

= r:'||x|i
A refdesion emlnﬁ
m_ 1x) Lay.up. | ( 1Reference | %
—‘- ( Verlaminar shear strength| () Gomment. | [lame T |Type Mod Time
0 E ran [ F300.Epox... reinfply FriJan 08 11:06:32 .
= o
M Solid:Reinf.
n=8n p=1.n theta=4:n=1.60 mm:m A=2480 alm®Symm.;
————| FnFeb26 155617 2016
= x|
&= OK | _ Laminate iact thata laminate
—_ [{0aftheta al theta a/90a)SF
i n=8 h=16mm mA-2480am®  AsBoDf K
Sohd Renl. Svmmn.Balanced
Laver anale Laver nckness (m Lav-up Too (1
S Add | [0
a5 s Da
45 L;mm““ Gt || towa
o > c || metaa
> units_| 90a
Paste | |ISE
Available plie __Expand |
& 1300 Epoxy,UD- 2007210 . Even
e _Symm. 0dd | ~
Ive
Laminate: test theta larminate Antis balanceq
Sobd Reint 4 | » Player |
n=8n p=1n theta=4 h=1 60 mmm A=l L] Bottom
Fri Feh 26 1556:17 2016 — _
Muttiply| __ Simplity.. | _ Viewlayup |
Moreplies | hange plies | OK | Cancel | Help |

heta Laminates

= |E| il Laminate 2.5D behavior; v:theta (line c) —|O il
File Edit Content File Edit Help
Laminate : test theta laminate
Plies cra Theta-laminate E_x, E_y, G_xy, nu_xy, ...
a T300:Epory.UD- 200/210/60 140 035
‘ LAY v I
1a o [T AT A B Y
2 a4theta 100 o o ey T 0.25
3 a-theta ;/ i ‘-“ H i ; &\ |
4a 90° 80 Pt e i S 02
5a 900 Sy | N 7
6 a-theta &0 fro “‘ ' Frnf “\ o 015
7 a+theta fr" B \‘ " ff' / Yoo
sa oo [T 40 e - - SR
x-direction = i / ‘\\ ] : / “\\ o
20 e T 0.05
0 0
-90 60 -30 0 30 60 90
theta @

Laminate : test theta laminate
Modified : Fri Feb 26 15:56:17 2016
Lay-up - (Oa/theta a/-theta a/90a)SE h=16 mm

Ply
a T300;Epoxy;UD-.200/210/60
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Quasi-Isotropic L

. ESAComp 4.4.1 - test_case_WS (modified)
Eile Edit FEExport Analyze Design Options Window Help

B o B8] |/ 2|58

| [Mame | Mod Time

Load response [ failure|  Natural frequencies Buckiing

Name Ty

Tirme: Panel loa loads x my panel

“new panel . Fri Feb 26 143506 2016

LUCL

ype X
supportmy.. Panel BCond Fri Feb 26 143527

[ype
loads xmy ... Pressurel...

: anel pressure load specification

x|

Fii Feb 26 1438.04... Pressure load
oo 100 KPa  pla [T00 kPa
oi0.b [T00 kPa  plab [T00 kPa
= Uniform
units_ | OK | cancel| Help |

mts | OK | Cancel| _hep |

Ring Eflerers

EP-DT

Detector Technologies

Pare| boundary condition specilication

Trarslabon | Teanstation

S rx Fx |
[} L G |||
Fz rz Fi rz
Edge 3 Edged

[Smewy supporied =] || [Simely speoted =]
Trarslabon - Rotaton | Teansabion | Rotation
o rx | Fx rx

Fy Ly Py ||[Cy

L 4 e Pz [riz

{8 S Tk
ry ry
||rz re
I'mc Cormes D
[Free = [Free =1
|+ Transhaban -~ Trarsiation
rx rs
ry 3 ¥
Fx Fiz
L
ok | cancel| _Hew |

S (

‘modified)

Eile Edit FE Export Analyze Design Opfions Window Help

aminate Analysis Example

0.0168

U_sum

c3:= 1.35

2.00
1.53
p:=1-bar
= 6.028mm

5,64
6.34
b:= 100 - mm
E = 48- GPa
h:=36-mm
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Other Analysis Possible

ESAComp 4.4.1 - test_case_WS (modified)
File Edit FE Export Analyze Design Options Window Help

=lolx|

BlsE* b =« s G

Load resph‘.-' failurel Natural frequencies |

| Nonlinear |

x|

Name ° |Mod.Time

-
<

----- new panel ... Fri Feb 26 14:35:06 2016

E
Name * |Type Mod.Time

“ loadsxmy ... Pressurel... Fri Feb 26 14:38:04...

information briefly
provided today

Beam and shell analysi$
cylindrical or conical sh¢

j, bonded joint riveted joint
lls

and

Database  Active Case |
Panel lnoad- lnads x mv nanel

EP-DT
Detector Technologies

‘CERN E?
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Export Laminate as XML or FEA Input

T H 100;FC-100
T HISFC8
T Quescrae

% Stucturel Steel

71 = | imported from E5AComp
11 = [ ]
£1 | = | imported from esacomp

| Patgae Cata st 220 mean
(| siress comes fom 1963 ACME
HIE | ey e, sactans, o 2.
Tabke 5110 1

Click here fo scdd & nw

stevial

ACP

8 acp-pPie

) & Modsk

& ﬂ wb_medel_A41
ﬂ v

B d’ Mam.als
AP NG Epowy: - 22/200/50

! AP CF2115
-yl IT-Ep oy f=50.1 1=50
#§ Fabrics
o MME)E posy: F-22/200/50
[ Y il
o IMT-Ep oy V=50, 1=50
- @ Stackups
e M Sub Leminates

L Aglies

Lo 2plies

MAPDL

8 FE Brport - ANSYS

Laminates Solted joint

ElamentPropany [ syer Lo

e
SHELL131
FE Unils

SHELL1B1EXT

+ Export of material
engineering constant in WB

¢ Export of material and
laminate lay-up data in ACP

specific XML-format python-format [
» Import of material, laminate "
and load data —
=
I
Laminates  my-aminatc
=] i
sl
== 100€[SHELLOT
— Pasameters] |SHELL99
—_— SHEHJ:M
‘ =R mmmm 4|
_Prevew | 0K | Cancel| _teb |
Dalabase _Adiive Case
uﬂmhcniﬁﬁh_‘
smo?i: o=in mm—-u:*l.do«nun A=2170 alnt’.Symm. Balanced AsBoDf
Tue Feb 23 175629 2016
CERN EP-DT

Detector Technologies

I ANSYS export file

! Lay-up : (0a/+45a/-45a/90a)SO

!

IPlya T300;Epoxy;UD-.200/210/60
! FriJan 08 11:06:32 2010

I Laminate : my-laminate
!

et, 1, 181

!

keyopt,1, 1, O

!

! Ply : T300;Epoxy;UD-.200/210/60
mpdele,all, 1

mp, ex, 1, 1.25e+011
mp, ey, 1, 8000000000
mp, ez, 1, 8000000000
mp, gxy, 1, 5000000000
mp, gyz, 1, 3076923077
mp, gxz, 1, 5000000000

mp, prxy, 1, 0.3
mp, pryz, 1, 0.3
mp, prxz, 1, 0.3
mp, alpx, 1, -4.5e-007
mp, alpy, 1, 3e-005
mp, alpz, 1, 3e-005
mp, dens, 1, 1550

!

! Failure strains and stresses (first failure)
fcdele,1

fc, 1, epel, xten, 0.0128

fc, 1, epel, xcmp, -0.008

fc, 1, epel, yten, 0.005

fc, 1, epel, ycmp, -0.0275

fc, 1, epel, zten, 0.005

fc, 1, epel, zcmp, -0.0275

fc, 1, epel, xy, 0.016

!

sdele,1

sectype, 1, shell, , my-lamin
!

secdata, 0.0002, 1, 0,3
secdata, 0.0002, 1, 45,3
secdata, 0.0002, 1, -45,3
secdata, 0.0002, 1, 90,3
secdata, 0.0002, 1, -45,3
secdata, 0.0002, 1, 45,3
secdata, 0.0002, 1, 0,3

!
secoffset, mid
!
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Shareware Laminate Analysis: Laminator

@‘ The Laminator
File Help

Classical Analysis of Composite Laminates

Input Options
Input data: ¢ Interactively @ From file

Save input data to file? ( Yes @ No

QOutput Options
Output results: @ To Screen ( To Screen and File

Results Options
[~ Apparent Properties [ Q,Q-Bar, 5, S-Bar

[ ABD and Inverse ABD [ Laminate Loads

E=EEol ™

_@‘ About The Laminator

[ Stresses/Strains LAMINATOR

[ Failure Indices

The Laminatar
“ersion 2.03
Copyright® 19397 Michael C. Lindell

Comments, suggestions, bugs to: mlindell@tni net
Latestwersion: hitp:/fini.net!™ mlindellflaminator. himl

Classical Analysis of Laminated Composites.
Computes apparent material properies, laminate matrices. and stress/strainfailure
due to applied mechanical, thermal, and/ar maisture loading.

(0] | Shareware |

Setup and Analysis
- Materials Properties Stacking Sequence Load Vector
Analyze
CERN EP-DT

\ Detector Technologies

Page 20




Laminator Input data

Input data interactive or from text file

1 1.340e+005 7.000e+003 4.200e+003 0.250 0.000e+000 0.000e+000 0.0000 0.0000

R R R R R R R R

0.0 1.300e-001
45.0 1.300e-001
-45.0 1.300e-001
90.0 1.300e-001
90.0 1.300e-001
-45.0 1.300e-001
45.0 1.300e-001
0.0 1.300e-001

4.4500e+002 0.0000e+000 0.0000e+000 0.0000e+000 0.0000e+000 0.0000e+000

[ )
1
8
1
2
3
4
5
6
7
8
1
CERN
\

0.000 0.00
1270.0 -1130.0 42.0 -141.0

EP-DT
Detector Tecl

63.0

Materials

Help

Number of materials: |1 «
Enter the ply material properties:

MamD | E | E | on v12

l 1 134E+005 7000 4200 0.25

<[

For failure analysis, check here and enter material strengths:

[v Calculate Tsai-Wu/Tsai-Hill failure factors (requires load vector)

Mat_ID Xt X | v | e

M 2 1130 2 141
< fi]

oK | Clear Form

]

Stacking Sequence
Help

Stack size option: (" Half (symmetric) @ Full
Enter number of layers (use 1/2 of total if "Half" is checked): 8

Enter the stacking sequence:
(Enter only 1/2 the stack if "Half" is checked)

Layer MatID | Ply Angle | Thickness | i
M 0 013 E
2 1 45 0.13
& ] 1 -45 0.13
4 1 50 0.13
3 1 S0 0.13
6 1 -45 0.13
! 1 45 0.13
3 1 0 013
4 }

DK | Clear Form
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Laminator Input data

Input data interactive or from text file

1 1.340e+005 7.000e+003 4.200e+003 0.250 0.000e+000 0.000e+000 0.0000 0.0000

R R R R R R R R

0.0 1.300e-001
45.0 1.300e-001
-45.0 1.300e-001
90.0 1.300e-001
90.0 1.300e-001
-45.0 1.300e-001
45.0 1.300e-001
0.0 1.300e-001

4.4500e+002 0.0000e+000 0.0000e+000 0.0000e+000 0.0000e+000 0.0000e+000

[ )
1
8
1
2
3
4
5
6
7
8
1
CERN
\

0.000 0.00
1270.0 -1130.0 42.0 -141.0

EP-DT
Detector Tecl

63.0

Materials

Help

Number of materials: |1 «
Enter the ply material properties:

MamD | E | E | on v12

l 1 134E+005 7000 4200 0.25

<[

For failure analysis, check here and enter material strengths:

[v Calculate Tsai-Wu/Tsai-Hill failure factors (requires load vector)

Mat_ID Xt X | v | e

M 2 1130 2 141
< fi]

oK | Clear Form

]

Stacking Sequence
Help

Stack size option: (" Half (symmetric) @ Full
Enter number of layers (use 1/2 of total if "Half" is checked): 8

Enter the stacking sequence:
(Enter only 1/2 the stack if "Half" is checked)

Layer MatID | Ply Angle | Thickness | i
M 0 013 E
2 1 45 0.13
& ] 1 -45 0.13
4 1 50 0.13
3 1 S0 0.13
6 1 -45 0.13
! 1 45 0.13
3 1 0 013
4 }

DK | Clear Form
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Example of Laminator output

Stacking Seguence
o o R R o R R o R R

Layer Matl Fly Angle Ply Thickness
1 1 0.0 1.300e-001
2 1 45.0 1.300e-001
3 1 -45.0 1.300e-001
4 1 90.0 1.300e-001
5 1 o90.0 1.300e-001
& 1 -45.0 1.300e-001
7 1 45.0 1.300e-001
8 1 0.0 1.300e-001

Total Laminate Thickness :

EP-DT
Detector Technologies

1.040e+000

Apparent Laminate Engineering Properties
o o R o R o o R o R o R o R o R o R o R o R o R o R o o o o R R o R o

EX EY GXY VHY

5.045e+004 5.045e+004 1.934e+004 0.304

Laminate Matrices
AR AR R AR R AR A A AR N X

n¥yY,X

0.000

'LBD' Matrix

5.781e+004 1.758e+004 9.085e-013
1.758e+004 .781e+004 5.184e-011
9.095e-013 5.184e-011 2.012e+004

wun

-9.055e-013 1.137e-013 0.000e+000
1.137e-013 .000e+000 0.000e+000
0.000e+000 0.000e+000 -2.842e-014

]

[

[

.095e-013
.137e-013
.000e+000

.836e+003
.318e+003
.59%e+002

n¥, XY

0.000

=)

[

.137e-01
.000e+00
.000e+00

.318e+00

.118e+00
.589%e+00
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Classic Lamination Theory CLT

e The starting point for the laminate analysis is

"] I [ £0
. . N AyAppAg| BB B *
CLT, Classical Laminate Theor * nanie | sl |
’ Y Ny | [AnAnAxy | ByByBa|| &
o limitations are valid for thin laminates Ny AgArg Ags : B 6 Bog Bgs ;}}y
[ep—— - T i [ —— —— —— ———
M, By BBy | D1y D1y Dy K,
e ABD-MATRIX: The ABD-matrix characterize o 132828 Dl pE ol
. . 16 £ 26 © 66 16 +726 ~ 66
the relation between cross-sectional loads - to e ! s
strains and curvatures of the mid-plane.
Solved from ply properties, orientations and . ]
stacking sequence N Al B SU
o Typically compliance matrices [a], [b] and [d] —=—]l=l-- - - —_—
need to be solved since the loads are input and M B Il D K
deformations are calculated i )
C\ERN ER=L3T | Page 24
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ABD Matrix

A-Terms: characterizes the extension stiffness of a laminate Figure 1: A16 term illustration
Influence of some Extensional-shear\ N, N,
< =
componer.\ts of the A A @ N i
ABD-matrix: Az Azz Bas
5 9 o
. . -
symmetric laminate:
L. B-Terms: characterizes the coupling stiffness of a laminate
your B matrix is zero, b
. bending/twist N
no extensional/shear- gt N
bendi . L. Bit Biz Bis.
ending /twisting B Bz Bas
_B!CBJ# BH Figure 4: B66 termillustration
. N, 7 N,
balanced Iamlnate' D-Terms: characterizes the bending stiffness of a laminate < -»
your A16 and A26 Dy D2 Bl
. = igure 5: erm illustration
terms are zero: no in- D12 D2 O poE I e
plane extensional to y MMI
Bending - twist 7~ a

shear coupling terms

CERN EP-DT
Detector Technologies

Page 25



Symmetric and Balanced Laminates

 Review the laminate’s ABD Matrix stiffness coefficients There
EsaComp provides the ABD elements and a laminate code.

e Check if your laminate is symmetric and balanced (to avoid plate
warping). The non-zero locations will show you whether or not
you have a symmetric and/or balanced laminate

e Sym/Bal laminate reduces post cure warpage and in-plane
axial/bending and shear/bending coupling

e The D16 and D26 terms are small compared to the D11 term in the stiffness matrix; if
so, you have a flexurally balanced laminate

EP-DT

; Page 26
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Symmetric and Balanced Laminates

e  Symmetric laminate

e Symmetry: Alaminate is symmetric when the
plies above the mid-plane are a mirror image of
those below the mid-plane.

Ply Ply Warp
Orientation MNumber Face
. . 0° 12 } A
e  Symmetrical lay-ups help to avoid thermal 90° 1 |
+45° 10 cl Mirror
twisting of parts as they cool down after curing. -45° 9 21 | image
0° 8 '
. < m: 7 ¢ » Midplane
e Balanced laminate % 6 !
0* > : Mirror
: , : -45° 4
e Balance: Alaminate is balanced when it has +45° 3 Ty | lmeee
equal numbers of —and + angled plies. 93 f : {

Balanced and
Symmetric al Laminate

 Note: If the laminate is balanced and symmetric,
the entire [B] matrix is zero and the in-plane
normal shear coupling terms A . and A, are also
zero.

CERN
\

EP-DT

) Page 27
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Quasi-Isotropic Laminate

* |sotropic means having the same properties in all directions.
e Quasi-isotropic means having is ortropic properties in-plane.

* A quasi-isotropic part has either randomly oriented fiber in all directions, or has
fibers oriented such that equal strength is developed all around the plane of the
part.

e Generally, a quasi-isotropic laminate made from woven fabric has plies oriented
at 02, 902 +452 and —459, with at least 12.5% of the plies in each of these four
directions

e Quasi-isotropic properties can also be achieved with 02, 602 and 1202 oriented
unidirectional plies.

Ply
Orientation
0'
90°

v +45°
45°
i 0*» Mid-plane

45°

+45°

90°

N -

N =3(a0 =60 N =4 (88 = 45°) N = 6 (86 = 30°)
Quasi- ks ot opio Oriertation S
CERN EP-DT
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EsaComp Lay-up Code

Examples of Lay-up code

A lay-up code is provided for each intermediate laminate and for the final laminate when the lay-up is being specified. The
code identifies layers, layer orientations, and the stacking sequence of layers as follows:

Layer orientations are given in parentheses from the top surface to the bottom surface. A slash (/) separates the layers. For
example, the code (+45/-45/-45/+45) defines a four-layer laminate in which the orientations of the top and bottom layers
are +45 degrees and the orientations of the middle layers are -45 degrees.

A contracted notation may be used in the lay-up code for a symmetric laminate. In this notation layer orientations are given
only for the upper half of a laminate. Symmetry is indicated with the letter S after the parentheses. The letterEor O is
further used to identify that the laminate has an even or odd number of layers. Thus, the code for the laminate (+45/-45/-
45/+45) may be given in the form (+45/-45)SE. Correspondingly, the code (+45/-45)SO refers to the lay-up (+45/-45/+45).

Codes of antisymmetric balanced laminates may also be contracted to the form that gives layer orientations only the upper
half of a laminate. The letters AB after the parentheses specify that the lay-up is antisymmetric balanced. For example, the
code (+45/-45)AB defines the lay-up (+45/-45/+45/-45).

Multipliers after the parentheses may be used to indicate that several layers or layer groups are stacked. For instance, a
contracted form for the lay-up (+45/-45/+45/ -45/+45/-45) is (+45/-45)3.

Several pairs of parentheses may be used in the code. For instance, the code ((+45/-45)2/0)SE is a contracted form for the
symmetric lay-up (+45/-45/+45/-45/0/0/-45/+45/-45/+45).

When a laminate contains different plies, the ply is identified for each layer with a letter that appears after the layer

orientation. For instance, the code (+45a/-45b)SE specifies a symmetric four-layer laminate where the ply a is used in surface
layers and the ply b in the middle layers.

Concerning the specified practice, it should be noted that slightly different forms of the code can be found in the literature.
For instance:

brackets are often used instead of parentheses
multipliers and letters specifying the symmetry or antisymmetry may be subscripts
multipliers often appear in front of the parentheses or brackets.

EP-DT

; Page 29
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EsaComp Lay-up Code

Classification based on constitutive behavior

Classification based on constitutive behavior is provided for each intermediate laminate and for the final laminate when the lay-up is
being specified. Classification is given by identifying the types of the in-plane stiffness matrix [A], coupling stiffness matrix [B], and
flexural stiffness matrix [D] that define the following relations:

the in-plane stiffness matrix [A] relates the resultant in-plane forces to the midplane strains
the flexural stiffness matrix [D] relates the resultant moments to the curvatures

the coupling stiffness matrix [B] relates the resultant in-plane forces to the curvatures and the resultant moments to the midplane
strains.

The rows and columns of the matrices are referred to with the indexes 1, 2, and 6 which is the normal practice in mechanics of
laminates. The code used in the classification is of the form AfBeDq where the letters f, e, and g identify the types of the preceding
matrices:

£ full matrix
e : elements 11 and 22 of the matrix are equal

g : quasi-isotropic form where the elements 16, 26, 61, and 62 are zero, the elements 11 and 22 are equal, and only two of the
elements 11, 12 and 66 are independent

s : specially orthotropic form where the elements 16, 26, 61, and 62 are zero
t : only the elements 16, 26, 61, and 62 exist

I : only the elements 11 and 22 exist

o : all elements are zero.

The following examples illustrate the classification:

The code AsBoDs identifies that the in-plane and flexural stiffness matrices have a specially orthotropic form and the coupling
stiffness matrix is zero. An example of laminates with such behavior is a symmetric cross-ply laminate.

The code AsBoDf identifies that the in-plane stiffness matrix has a specially orthotropic form, the coupling stiffness matrix is zero,
and the flexural stiffness matrix is full. Symmetric angle-ply laminates, for example, possess this kind of mechanical behavior.

The code AfBfDf identifies that all matrices are full. This is the most general form of mechanical behavior. Due to many types of
coupling effects, laminates of this type are not normally used.

CERN EP-DT
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