Real Structures, Real Cracks, Realistic Solut

Durability Assessment

Predictive tools to improve product durability and
discover problems during design not during testing:

e Predict the impact of stress raisers on fatigue life
e Investigate how fretting and wear affect product life

e How can the design be modified to increase
durability

Damage Tolerance Design

Predictive tools to easily provide the information
needed for Damage Tolerance Design:

e Stress intensity factors
e Critical crack sizes

e Multiple site damage
e Residual strength

e Fitness for Service Assessment

Predictive tools to provide essential data to:

e Satisfy Fitness for Service (API 579) design
requirements

e Assess flaw impact in pressure vessels, storage tanks
and piping systems

e Achieve realistic analysis of crack interaction
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Repair & Maintenance

Predictive tools to support the decision processes in
repair and maintenance:

e Simulate failure mode
e Forensic investigation
e Verify repair strategy
e Optimise inspection periods
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Durability Assessment

Predictive tools to improve product durability. Discover
problems during design not during testing:

e What size crack will
grow?

e When does a part need
replacing?

e How can the design be
modified to increase
durability?

Virtual Fracture Testing

Using the BEASY crack modelling
technology the behaviour of cracks
in complex structures and
components can be easily predicted.

Zoom in on the critical areas and
model cracks using the real
geometry. The models can also be
automatically generated from FEM
models.

Investigate possible
® In service damage

® Manufacturing defects
® Material defects
[}

Uncertainties in design loads
which can lead to crack initiation
or growth.

Ensure design integrity using
prediction models

® What size crack will grow

® When does a part need replacing

® How can the design be modified
to increase durability.

i

The Devils in the Detail

Details such as holes, fillets,
radii, and bosses are where
high stresses occur. These
details are generally
eliminated in finite element
models because of the time
required for accurate meshing.
However these geometric
stress risers are often the sites
of premature part failure.

BEASY provides the
tools to quickly and
accurately predict
the stress levels

and assess the

risk of crack growth.

Zoom in on those
critical life limiting
design features

P

':

Flaw Assessment

Flow assessment is frequently
required to identify how material
inclusions or crack-like flaws will
affect durability. In this application
the growth of an embedded flaw is
predicted including details of the
growth rate and path. Note how the
crack shape adapts to the stress

field.

Contact, Wear and Fretting

To obtain information on wear or
fretting, an accurate model of the
contact surface is required. In this
application, a fretting test
simulation provides accurate data
on the slip and stress history on
the surfaces.
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Fitness for Service Assessment

BEASY's Predictive tools provide essential data to:

e Satisfy Fitness for Service design requirements

e Assess flaw impact in pressure vessels, storage tanks and
piping systems

e Achieve realistc analysis of crack interaction

Failure Assessment

Many failure assessment diagrams
are developed using stress intensity
factors contained in handbooks,
however these are often limited to
simple geometry and loading
conditions. BEASY fracture analysis
tools provide you with stress intensity
factors for the actual geometry and
loading without any simplification.

Assessment of Crack-like Flaws

BEASY can be used

for assessing the
impact of crack-like
flaws using the
principles of fracture
mechanics. Flaws

may be located in,

for example, pressure
vessels, piping systems,
and storage tanks.
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BEASY provides the critical
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Use Simulation to Guide Design
Would you rather have a simple weld failure where you

lose a bracket or a catastrophic failure where the wall of a

high pressure component fails?

Crack Growth Software
you can predict the worst
case scenario before it

becomes a costly reality!

Weld failure

information to assess the structural
integrity of in-service components.

Using BEASY’s Fatigue and

Crack Interaction

If you have components with multiple
cracks BEASY can provide realistic
analysis of crack interaction. It is not
limited by the need to create an
equivalent flaw for the purposes of
analysis; it can also provide accurate
analysis of cracks near stress
concentrations or for cracks located
in residual stress fields.
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Repair & Maintenance

BEASY provides the tools to help discover the root cause of
cracks and develop the remedial strategy.

Predictive tools to support the
decision making processes in repair
and maintenance:

Simulate failure mode
Forensic investigation
Verify repair strategy
Optimise inspection periods

Engineers frequently need to
investigate the cause of cracks and
distinguish between design,
fabrication and in service damage.
Computer modelling of crack growth
provides quantative and qualative
data to support an investigation.

Specifically:
The crack stress intensity factors
and how they vary with different
crack sizes, shapes and paths
The direction of growth of
the crack

Using fracture mechanics data to
computate the crack growth rate

Simulating the failure mode
The failure mode can be simulated
under different loadings and
conditions and the criteria for

future inspection strategies can be
determined. For example, what

crack size is acceptable for future
operations?

In this application a model was
used to determine the critical
loading and material parameters
required to reproduce the crack
behaviour.

Detailed view of the predicted crack growth

www.beasy.com



Mechanical Analysis / Contact Analysis

A robust computer modelling tool to predict the structural
performance of mechanical components. The BEASY software
uses boundary element technology to provide a radically
improved approach to predictive computational analysis.

e Reduced meshing times

e Automatic meshing
without compromising
accuracy

e Easier design changes

e Increase accuracy of
results

e Integration with BEASY's
crack growth analysis

e Contact simulation

Contact Simulation

BEASY'’s contact analysis takes
advantage of the reduced
meshing times and increased
accuracy to simplify contact
analysis. Both node to node and
node to surface contact are
supported.

BEM not FEM

BEASY’s BEM technology simplifies
contact analysis as only the

surfaces have to be defined. The
BEM approach is very accurate for
contact simulation since contact
stress is essentially a surface
phenomenon where stresses and
relative displacements on the
contact surfaces are of paramount
importance. BEM reduces the
mesh requirements compared with
FEM.

Accurate Wear Data

Prediction

BEASY provides the
information to optimise
components for wear.
Detailed reports are
provided on the contact
pressure and slip
history.

Increased Accuracy of Results

BEASY has no match in detailed
analysis. Fillet holes and other small
features can be effectively modelled
since only the surfaces need to be
defined. This means the real
geometry can be analysed without
simplification giving more accurate
results and improved fatigue
prediction. Discontinuous elements
allow you to accurately capture the
behaviour in areas where results are
changing quickly.

Reduced Meshing Times

BEASY improves the design process
and reduces prototype costs using
simplified surface only meshing.
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Automatic Meshing
Without Compromising
Accuracy

Discontinuous Mesh

Automatic meshing
without the need for
lower accuracy TET
elements.

Easier Design Changes

How many times have you reviewed
solution results and found the mesh
wasn’t refined enough to give you
the critical information you needed?
BEASY offers a better solution to this
problem. With BEASY the mesh can
be locally modified without
remeshing the entire model.

Continuous Mesh

WWW.heasy.com mmm



Fracture Mechanics / Automatic Crack Growth

BEASY Crack modelling techno
accurate tools to:

e Add cracks to models

e Predict stress intensity
factors

e Predict crack growth
rate and direction

e Predict residual strength

Crack Wizard

Forget the difficult task of creating a
mesh to represent a crack in a
complex 3D model. With the BEASY
crack wizard the whole process is
automatic. Select the crack you need
from a library of crack shapes.
Simply identify its location on the
model and the wizard does the rest.

logies provides quick and

High Accuracy

Previously engineers had to use
approximate stress intensity data.
The BEASY approach uses the real
geometry, loading and materials
providing a highly accurate basis for
life prediction. The results also
include the effects of load
redistribution, multiple cracks, true
crack path and crack shape
modelling.

In this application, an analysis of a
lap joint is shown where the
behaviour of cracks initiating near
the fastener holes are investigated.

BEASY provides the critical
information needed

e Will the crack grow?

e Will it grow in an unstable fast or
stable slow manner?

® At what rate will it grow?

® To what size can the crack grow
before becoming unstable?

® What is the residual strength?

Use the crack wizard to select
the crack shape and position

i

Automatic Crack Growth

BEASY not only provides stress
intensity data but can also predict
how the crack will grow. Remeshing
is automatically performed by BEASY
where necessary. The procedure is
highly automated with the crack
wizard guiding the user.

Simply define the crack growth
model, select the material properties
and the loading history and BEASY
does the rest.

—

BEASY predicts

all the fracture

Stress Intensity factors
mechanics data

to enable the
rapid assessment
of product
durability

Crack growth rate and

critical crack sizes

Crack shape and
propagation path



FEM Interface

BEASY’s FEM interface can be used to quickly extract models
from existing finite element models so that highly accurate local
analysis of these detailed features can be performed.

Using FEM Data

Frequently FEM models are available
but they do not include the crack or
the necessary details. No need to
build a new model, the crack wizard
automates the task of building the
BEASY crack model using
the FEM data.

Identify a critical feature and
automatically create the
BEASY model

- sy Initiating the Crack
e Once the model has been created
oy the crack can be automatically
L Finite Element Model inserted in the mesh using the BEASY
Crack Wizard.

Stiffened Panel Structures Stifened panel wizard

The wizard guides the user
through the creation of the model

Stiffened panel structures frequently found in aerospace can be and foatures.

analysed using special software developed specifically for this
purpose. The software combines the best of class technologies
(FEM & BEM) to provide an accurate and easy to use solution
for stiffened panel analysis.

Library of stiffeners
Library of fastener patterns
Non linear fasteners

Doublers
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