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_Overview

e Introduction
e BEASY Plugin for AFGROW

e Motivation
* More realistic crack growth simulations

» Creating a framework to support environmental assisted cracking and new
advanced manufacturing methods

o BEASY Crack Simulation Capabilities

e Integration with AFGROW
e General User Created Models

 Plugin Library Type Models Example Application
e Summary
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Introduction
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e  The BEASY plugin for —= e —
AFGROW has been -

designed to expand the  E maes 58
capabilities of AFGROW m
e It provides a link to the

more advanced crack
growth modelling

available in BEASY

e  This greatly expands
the number of models
which can be analysed

e And provides access to
more advanced
fracture mechanics
capabilities and
techniques
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'Plugin Provides Advanced Capabilities

——_—.—_.s

Integration with BEASY allows for a wide range of
advanced capabilities, including:
e Full 3D analysis of actual structural part geometries

e Mixed mode analysis (K;, K, K;p) allowing the assessment of
crack turning

e Tracking crack growth distance at multiple positions along
the crack front

 Ability to allow cracks to split into multiple crack fronts
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Stress Intensity Factor (SIF) and Crack Path Solutions

from Realistic Models can be used for Structural Lifinﬂ
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Prediction of the growth
rate and path of a crack
growing from a corrosion
related damage

B:c v

Growing Crack

Crack Path
Models can be

created within the
ABAQUS, FEMAP,
PATRAN and ANSYS
environment or
converted from an
FEM models )
including NASTRAN [ . =

S Fiekd Output Requests
Bp Hestory Output Requests
B3 Time Powts. ook
Be ALE Adagtive Mesh Constra

B wteractions

B teracton Propertes
1€ Contact Controls

iZ Contact Inziskaations
1 Contact Seabibaations

Sub models of critical areas can
be created from large scale FE
models including the capability to
derive residual stress fields from
non-linear FEM solutions.
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Predicted Crack Fronts
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Stress Intensity Factor (SIF) at Multiple Positions along the Crack Front

———

Mode 1,2 and 3 SIF values are: A

- Calculated at multiple positions along the crack Position 1

front (using J-integral techniques)
The number of calculation points can be defined in
the plugin, with a user defined parameter
« And interpolated at a number of growth
distances between BEASY crack growth
increments
The number of SIF calculations performed
between increments can be determined in the

“Growth Increment” tab in “Predict >
Preferences”

A

Position 2

Growth Direction

L

This provides a more accurate representation
of crack shape evolution which is controlled
by the SIF solution along the crack front.
With this method the crack shape is not
constrained to a simplified geometric curve
fit
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_Multiple Crack Fronts
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The ability to track multiple
crack fronts allows for a
wide range of parts to be
analysed

SIFs are calculated at
multiple positions along
each crack front to
determine their growth and
shape
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~ Building AFGROW Compatible BEASY Models

— . S —

To create an AFGROW compatible model,
simply perform BEASY crack growth
simulation using BEASY version 21.02.005
or later.

However, in order to see the crack outline
in AFGROW, you need to select the option
highlighted in the figure below.

G Diagnostic output file options H

Diagnostic output files are written to allow you to view crack fronts created during the crack extension.
These can only be enabled if appropriate licenses are included

[w] [BEASY IMS (out files) [v] PATRAN (*_Pat.out files) [v]GID (bch files) [v] Accumulated.post.msh debug file

I Create output file with the crack outline List of positions II:l IMS out file [ | PATRAN out file Gid beh file

rom ] [cone |
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‘The software can be used in two ways

——_—.—_.s

e General User Created Models

e This allows the user to create their own models. These

would need to be run using a full BEASY crack growth
simulation

e Plugin Library Type Models

» In this case the SIF and crack path have been

encapsulated into Plugin models which can then be used
by AFGROW to perform the Life prediction
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Select a Model

INPUT | EDIT VIEW

PREDICT TOQOLS  REPAIR  INITIATION  WIP

Title

Material

Maodel

E[I]II Spectrum
Spectrum Filters

Retardation

B Stress State

User-Defined Beta
Environment

Beta Correction
Residual 5tresses

K-Saolution Filters
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P[] Classic Models Ctrl=M
Advanced Models
Plug-In Models
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Select a Model -

Plugin Model Geometry and Dimensions

Geometry I

Select crack geometry by clicking on comesponding icon

Model
[ User Defined (BEASY)
[ L-Shaped Block (BEASY)
[ Stiffenier (BEASY)

Ml Fin Seal (BEASY)

[ I-Beam {BEASY)

QK I Cancel Apply Help
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Parameters

User Defined Parameters

4 Parameters
(Mame)
Mumber of Crackfront Calcul...
Export Data to Excel?
Distance Units
Pressure Units
Crack Plane
Keff Method
Continue after failure?
Crack Type
Thickness
Debug Option
Working Directory

© BEASY 2021

DB oBnaBaBaBnnnas

Lser Defined (BEASY)
5.000000

Mo

m

MPa

xY

Mi Equation (Standard Keff equation)
Mo

Part through crack
0.000000

Off

Pre Defined Parameters

4 Parameters
(Mame)

Mumber of Crackfront Calcul...

Export Data to Excel?
Keff Method

Continue after failure?
Debug Opticn
Working Directory

Fin Seal (BEASY)

5.000000

Mo

Mi Equaticn (Standard Keff equation)
Mo

Off

BB Banana
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INPUT | EDIT VIEW

PREDICT TOOLS  REPAIR  INITIATION W

Title

Material
Madel

E[I]II Spectrum
Spectrum Filters

Retardation

B Stress State

User-Defined Beta
Environment

Beta Correction
Residual 5tresses

K-Salution Filters

Ctrl =1

il v e -

rE D

r

Forman Equation

h||

Harter-T Method

Ctrl+H

Ctrl+P

MASGRD Equation
Tabular Lookup
Walker Equation

_trl=T

© BEASY 2021

Material Database *

taken on a point-by-point basiz. In thiz implementation 25 da/dr
values are uged to define the material behavior,
The method accounts for the stress ratio (R] ghift independently at each
da/dM values to more accurately represent real crack growth rate data.
The data are contained in a uzer maintained library for several materials.

@ The Harter T-Method iz an adaptation of the Walker equation

" Databaze File

Ic:'\program files\afgrowhmatfile. md3 Browse ... |

— Selection
I?D?E-TEE‘I 1 EXTRUSION

Available Materials:

2024 T-3 Bare Sheet LONG CRACK DATA
2024-7851 - LONG CRACK

EOE1-TEST1 EXTRUSION

7050-T74 PLATE

FO75-TES11 EXTRUSION

7075-T73 L-T FORGING

F075-T73L-T [DRY AlIR]

F075-T73 T-L FORGING

Ti-6-4 LPHA-BETA FORGING

Cahicel |
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Assign a Load Spectrum

Spectrum x

Strezs Multiplication Factar [SkF] multiplies the stress or load levels found
if spectium files. Thiz allows nomalized spectra to be used. If actual

stresz levels are used in the zpectium filez, SMF should be =&t to 1.

Fezidual Strength Requirement [Pex] 1z the value of stresz [or load for
modelz uzing load input) which must be caried at all crack sizes. |tis
uzed to determing the critical crack size - if a non-zero value iz entered.

Stress Preload [SPL] is uzed to account for pre-existing stresses. Thiz value is

added to the max and min spectrum streszes after they have been multiplied by
SMF.

— Enter
Stress Multiphication Factar[SMF): IEI.'I 5
Residual Strength R equirement [Pax) - ||j| %U
Shress Preload [SPL) : II:I
— Select

(] 4 I
D ™ Create new spectum file
- |
[ |
D ™ Open spectum file il

M & Constant amplitude loading

Constant Amplitude Loading

—Enter

R [Stress Min/Stress Max) : IEI

— Select block zize

|II-|IIIIIIIIIIIIIIIII|
I'IEIEI — ]

I Time Dependent

Diuration of the Block: IEI.'I

Cancel |
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Screen OutEut | -

Cutput

Crack #1
D1CF1= 00037535 Beta Tension=1202.1450 Beta Compreszion=1202.1450 Rk]= 0.0000 R{finall= 0.0000 Delta k=1.3063=+001 D[)/DM=28321e-007

D2CF1= 00036559 Beta Tension=1095.3001 Eeta Compression=1095.3001 R[k)= 0.0000 R[final)= 0.0000 Delkta k=1.1738e+001 C[)/DN=21313e-007
D3CF1=00036121 Beta Tension=1013.4154 Beta Compression=1013.4154 Rik)= 0.0000 R[final)= 0.0000 Delta k=1.0796e+001 O[)/DW=1.7065=-007
D4CF1= 00036104 Beta Tension=972.4229 Beta Compression=972.4229 R(k]= 0.0000 Rifinal)= 0.0000 Delka k=1.0356=+001 D[)/DMN=1.5284e-007
DBCF1= 00036185 Beta Tension=957.1708 Beta Compression=957.1708 F[k]= 0.0000 R[final)= 0.0000 Delka k=1.0205e+001 D[J/DMN=1.4699-007
Maw stresz 0100, r= 0,00, 62203 Cocles. Subspechra: 0, Pazz 623

EENTINE Hotification List
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Crack Plots

Crack plot during
prediction

Crack plot after

.




Excel Output |

The fatigue life output is saved in the form of an excel report, this includes:
e SIF values

e Crack growth data

e Cycle counts

e Crack edge group lengths

Some graphs are also automatically plotted, including:

e A graph showing the cycle count at different crack increments/shapes
» A graph showing crack edge group lengths against cycles

e A graph showing the crack growth against cycles

© BEASY 2021 SOFTWARE & SERVICES (i



s —

0.254
0.253
0.252
0.251

0.25

~
é 0.249
> 0.248
0.247
0.246
0.245

0.244

Crack Fr

W

o

0.082

© BEASY 2021

0.087

0.092
X (m)

0.097

0.102

= Specimen 1 =Life: 0 Life:
—| ife: 32793 —Life: 40448 —Life:
—| ife: 48902 —Life: 51615 Life:
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~Lengths Along Crack Edge Groups
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At Cycle: 95247
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Crack Growth Vs Cycles

==

0.012

0.01
E = Crack Front 1, Crack Position 1
<=, 0.008 ——Crack Front 1, Crack Position 2
§ Crack Front 1, Crack Position 3
2 0.006 = Crack Front 1, Crack Position 4
(C) Crack Front 1, Crack Position 5
f’ ——Crack Front 2, Crack Position 1
E 0.004 Crack Front 2, Crack Position 2
&) / ——Crack Front 2, Crack Position 3
0.002 - Crack Front 2, Crack Position 4
I —— o == Crack Front 2, Crack Position 5
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e A new Plugin has been created which enables
AFGROW users to utilise the SIF and crack
path data predicted by BEASY for two and
three dimensional structures

o It provides the ability to use more realistic
structural models and mixed mode model
crack SIF and path data
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Contact Informatlon
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CM BEASY Ltd Internatlonal BEASY USA - Computational

Ashurst Lodge Mechanics International Inc
Ashurst 25 Bridge Street
Southampton Billerica, MA 01821

SO40 7AA info@beasy.com
info@beasy.com Tel: 978 667 5841

Tel: +44 238 029 3223 Fax: 978 667 7582

Fax: +44 238 029 2853

www.beasy.com www.beasy.com
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