COMPASS

www.compassis.com

2nd Tdyn RamSeries
Training Session

www.compassis.com

mmmmmmm ~ -~
{Q FIBREGY H === COMPASS F/BRE vARDS




COMPASS

www.compassis.com

9:45h Reception of the session
attendees
10:00h Beginning of the session
Tdyn RamSeries Advanced Tools
11:00h Coffe break
11:15h Tdyn RamSeries applied case 1
12:30h Tdyn RamSeries applied case 2
13:30 Questions and comments
13:45h End of session
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v' Composite and laminate materials within
Tdyn library:

> Generation/management.

> |Importing/exporting materials’ database.

v Specific numerical tools implemented in
Fibre4Yards: Custom connection modelling

v Definition of directional local axes over
complex geometries.

v' FEA Non-Linear Dynamic Analysis applied to
vessels.

v Fatigue Damage Assessment on composites
and laminate materials:

> Brief description of theory.

» Brief description of methodology.
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Composite materials in
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Composites & Laminates
generation/management
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Analysis

Smubtion dmensior: & - v Based on Class Societies rules.
Analysis type: Static Analysis =4

Material constitutive model:  Linear materials &7

Geometric constitutive model: Linear geometry - v Rule of Mixtures theory.

Boundary conditions: Linear boundary conds. +

I X Use Laminate/Composite materlal;l

Internal triangular element: Drill-Rot = 7 A"OWS tO customize the properties Of

Marine tools
Fatigue damage assessment

the layers, and create laminates.

SN curves file: ./problemty

Bearn P-Delta

Linearized prebuckling analysis

element types

Element types (} Composite laminate = =] X
X Beams o BN i
X aterials an roperties - - aye = =
X Shells .; Freams Fen Laminate definition Laminate composition
Son > 4 Shells Laminate name sample_laminate_Classic Material | Angle |Th|ckness | Layers ‘
LS & Custom propertes ‘ E Gla.. 0 00004576 2 :
Membranes v & Physical properties Constitutive model  |Cla IM6_... 45 0.0005861 2 -
> & Steel : - y
5P oneris Material E_Glass_Epoxy_Ortho & Select material
> g solid - I —_—
3 i fasticity Sequence 1 = 4 v b *

X Number of layers |2 ﬂ Fiber angle 0 deg Visual description

> & Generic

3 & IN6_Carb_Epoxy Thickness 0.0 m E_Glass_Epoxy_Ortk
» ¢ E_Glass_Epoxy_Ortho

> ¢ M_Carb_Poly i P 5 L IM6_Carb_Epoxy

> & Aramid_Poly
< " FRP reinforcement

" FRP matrix

® &

Previously defined laminates

o

Composite layer

Existing laminates sample_laminate_Serial_Parallel -

» sample_laminate_Serial_Parallel
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> sample_laminate_Heterogeneous
» sample_laminate_Classic

> & Custom stiffness
oo
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Total laminate thickness

Total thickness

Ok Cancel
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Composites & Laminates

generation/management: Materials’ Database

& Toyn 64 1625

Project: UNNAMED

Files View Geometry Utiities Data Mesh Calculate Reports Postprocess Help

Undo Ctil-z
Saving.
Saved OK. Leaving Redo Ctrl-y
Undo multiple. Ctrl-u
Redo multiple. Ctrl-r
[f Preferences. Ctrl-p
&2 Layers and groups... Ctrl-|
Tools v
4 Simulation d [ Copy. Crl-C
4 Simulstia|  Move -y
> & Units Status...
> | Gravity List 3
~ [HliGeneral data)  Mass >
> (GAnalysis | Renumber d
) < Results Id
> BliAdvancee  Signal >
> X Constraints Swap normals v
> ' Local axes Distance
> ¢'Materialsan¢  Dimension 3
> M Loadeases Repair model

Materials

Import/export materials
Composite materials' properties

~ & Materials and properties

>
3

# Beams
& Shells
& Custom properties

> Stesl Import/export materials
» & Concrete ol Edit

> & Solid » View this

» & 'Plasticity | > Expand

v
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> & IMb_Carb_Epoxy

> & 'E_Glass_Epoxy_Ortho
» ¢ M_Carb_Poly

> ¢ "Aramid_Poly

"

{ v e

& Composite layer
-

> sample_laminate Serial_Parallel
> sample_laminate_Heterogeneous
» sample_laminate_Classic
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Layers Groups.

v {F Simulation data
g e
> & Units
> gl Gravity
[ General data
> @ Analysis
> “>Results
> EAdvanced
> £ Constraints
> & Local axes
¢ Materials and propeties

& Custom properties
v Physical propeties

> & Steel

> & Concrete

> & solid

> & Plasticity

| Orthotropic
> & Generic
> & IMb_Carb_Epoxy
> &7 Glass Epoxy_Orth
> & M_Carb Poly
> & Aramid Poly

> & FRP remforcement
> ¢ FRP matrix

Cormpoviever
v Laminate

> sample_laminate_Serial_Parallel
> sample laminate Heterogeneous
> sample laminate_Classic
> & Custom stiffness.
> YlLoadcases

> Import/export materials

Composite layer properties

Name [Fibre_1 Name Resin_1 Name Composite_la
g0 731000 B [3500 N/mm2 | |Layer Type -
B0 73000 rnm2 | | Density 120 ghem3 | |Fibretype EGless -
Density (257 gemd (|6 13500 Njmm2 | |Resin type Epory -

6 (300000 Nmm2{|v 028 %Reinforcement |50
v s Ceq 10
Mass of reinforcement 200 g/m2
+
escription Orthotropic equivalent material
Ready to define composite materials
y i +|[a

| Display composite properties (Classic Rule Of Mixtures) |

Name (Ortho.layer_1
Resuling composite properties Resuling composite stresses-

Thickness 000024449 m St 4.6069e-08 N/m2
Gl 26105e+10 N/m2 | |sc2 8.5931e-07 N/m2
e 532956+09 N/mz | |sti 45985e-08 N/m2
612 22118e-09 Nim2 | |52 9.5031e-07 N/m2
613 1.9906e+09 N/m2 || TI2[33177e-07 N/m2
a3 1.9906e+09 N/m2 || T13 35831e-07 Nim2
Specific weight [16033.5279 N/m3 || T23 35831e-07 N/m2
nu 057477

Close

= ] X

Import/export to: -
> Global database - inactive

> ¢ Plasticity
¢/ Orthotropic
> & Generic
> & IME_Carb_Epoxy
) ¢ E_Glass_Epoxy_Ortho
¥ ¢’ M.Carb_Poly
> & Aramid_Poly
> o 'FRP reinforcement
> & FRP matrix
> ¢ Composite layer
~ ¢ 'Laminate
> sample_laminate_Serial_Parallel
> sample laminate Heterogeneous
> sample_laminate_Classic
> ¢ Custom stiffness
> {\ Generic Fluid

Material 'M_Carb_Poly' added to import/expert list

Material ‘Aramid_Poly’ added to import/export list

~ ¢ Laminate Exporttofile..
> sample laminate Serial Parallel
3 sample laminate Heterogeneous
3 sample laminate Classic
¢ Composite layer
3 & EGlass Epoxy
¢ FRP matrix
> & Epoxy
3 ¢ Polyester
v ¢ FRP reinforcement
> ¢ Blass
> ¢ Kevlar 49
~ ¢ Orthotropic
3 & Generic
> &’ IME_Carb_Epoxy
> &€ _Glass_Epoxy_Ortho

Import from file... I

Ok Apply || Cancel
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Custom stiffness: connections
modelling

£ Create function for A X £ Create function for B X
Function variables | ~Function variables
X Matrix value for A X Matrix value for B
Matrix value for A Matrix value for B
Ay 03 | Az 0.0 F| Az 0.0 By By 03 F| B2 0.0 J| B3 0.0 Py
Aygt 00 Z| Az 03 & Axx o0 |F By 0.0 ¥ 8,2 03 T 8. oo [T
Ayt 00 2| Az 00 2| Ay 03 by By 0.0 2| Bis 00 & B3 03 &
Ok Cancel Ok Cancel
£ Create function for B X £ Create function for D X () Create function for H
| ~Function variables Function variables Function variables
X Matrix value for B X Matrix value for D X Matrix value for H
Matrix value for B Matrix value for D Mabax caliis forkd
Byy: 03 ¥ 8y 0.0 ¥ B3 0.0 Py Dyyt 03 4| Dizt 0.0 2| Dy 00 By H 03 = H 0.0
Byy 0.0 T &, 03 ¥ s, o0 [F Dyy: 00 2| D:z; 03 & | Dz3 00 Py ki - 4 i
Hs 0.0 H; 3 0.3
Byy: 0.0 Y| By 0.0 T B3 03 Py Dy 00 & | Dix 00 2| Di3 03 '3 = &)t
Ok Cancel Sk Cancel Ok Lancel

A
B

0

% F. Turon, F. Otero, X. Martinez. “Multi-scale procedure for the mechanical analysis of composite laminate

structures considering mixed boundary conditions”. Composite Structures. Vol 322, 15 October 2023. 117343.
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Fatigue Damage Assessment
for composite and laminate
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Step I: Step 2:

Dynamic analysis: time domain Obtaining stress history
@ Shells - Requested_laminate_results_1 - Equivalent_Stress_UD90_Layer_1 x
WI nd T She\ls Requested Iam\nateirggg\tsg IaEquwaIent Stress_UDS0_Layer 1 (MPa) (P=1057446.11)

Waves
Step 3: Step 4:
Rainflow counting Computing damage
‘ tOt
2 nh
: Z z - . -DFF <1
. th tSlm
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Failure criteria - Equivalent stress
(Based on anisotropic mapping)

(0 = N)ypoo = (0 = N)matrix eommmmmmd  0ypoy = Ocq = \/022 + (fi2 - 012)°

S-N fatigue life curves

S (Reyoies) = Stnr) + (S u=Sm(r)* eXP(-ALFAT (r)*10g10(N oyies)™ ")

__ Omin

NEEEN
~
I

Omax
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Non-Linear Dynamic FEA applied to

vessels
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£ LOADS

> Mot

3 Moy press Tamcro
~ | General data } xr::u
~ (3 Analysis ? Mizodac
[ Simulation dimension: 30 $ :m
> LgElement types 2 ﬁm‘
IEl.ﬂna'ys'ﬁB_fpe Dynamic Analysis I > Mitendr

IMaterial constitutive model: Linear materials

~ Ml toadcases
o ic constitutive model: Non-Linear g vl ;ﬁmu -
) Boundary conditions: Linear boundary conds, 3 M batase o
(] Use Laminate/Composite materials: 1 d - i o
[ Internal triangular element: Drill-Rot ] thm i 8—r
[ ] Marine tools: O ; wm"m‘ e [ oo
[ Fatigue damage assessment: 0 > +
[T15N curves file: ; ﬂm e
] Beam P-Delta: 0 j ﬂm e )
[ Initial Configuration: 0 3 E"" s

>

" Genera
[ Solver control: Load control
[ Conv, tolerance: 0.01
[ fteration type: Full Newton-Raphson
[1_| Max iterations: 10
J
~ |V General
[ Type: Direct integration
> [ At: f(Interpelation fun...)...
[L] Number of steps: 100
~ | Integration data
[lIntegration method: Implicit (Energy Conserving/De
[ Alpha E-C/D (0): 0.1
[ Initial conditions: Mone
~ ﬁDampmg Data
) Damping type: Rayleigh damping
[JBamgping ratia
> [ClaM: f{interpolation fun..)...
[ ] ak: 0.003
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w X Constusints.
1 e comranty
. roup fu_smidshg
- @ Acation
% Comtromt 1
) Canstrame 1
oz

Comtrans &
D)8 Comtraint: 0 vé
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Shaping Tomorrow with
Advanced Simulation
Engineering

Thank You!
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