Mechanical Engineering Services: Finite Element Analysis (FEA)

FEA is used to inform the design
of new equipment or the design
of repairs and modifications, as
well as investigating the fitness
for service (FFS) and remnant
life of aging assets.

It offers an in-depth analysis methodology, which can be used
when alternative assessment methods cannot be applied or
provide unfavourable results.

A range of failure and deterioration modes can be assessed

in line with codal guidance, ranging from basic structural
integrity assessments through to the study of more complex
failure modes such as creep and fatigue. A range of analysis
techniques can be applied depending on the problem in hand,
including non- linear and thermo-mechanical.
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How can AXIOM help with this service?

Services - FEA supports the design of new, or
modification of existing equipment, providing particular
value for non-standard design features which cannot

be assessed to Design by Rule (DBR) methods. FEA
provides a more detailed Fitness for Service (FFS)
assessment methodology compared with formula-based
approaches. AXIOM is well versed with all recognised
pressure vessel design and FFS codes, such as ASME
VIII, BS EN 13445, PD5500 and API 579. Consideration
can be given to a variety of failure and deterioration
modes, such as:

* Plastic Collapse

e Buckling / Instability
e Fatigue

* Ratcheting

* Creep

e Local Failure

e General Metal Loss
* Locally Thinned Areas (LTA's)
e Pitting

e Fracture

¢ Distortion

¢ Dents / Gouges

Approach - AXIOM's Mechanical Engineers can assess
the problem in hand to determine the most efficient
means of modelling approach and most suitable means
of post processing criteria. Factors influencing the
modelling approach and assessment criteria include
the geometry under assessment, applicable loads

and load case combinations, potential failure modes
and equipment design codes. With each study, we
provide our clients with an Analysis Plan which details
our assessment input parameters such as loadings,
boundary conditions, mesh details and post processing
methods.

Capabilities - AXIOM has been providing FEA services
for over 15 years using ANSYS software. We are
members of NAFEMS, and our team of Mechanical
Engineers work in accordance with our Suitably
Qualified and Experienced Personnel (SQEP) Matrix,
ensuring each individual has the required skillset to
support our clients on projects they are working on. As
a matter of course, we consistently keep up-to date with
the latest guidance and rules concerning the use of FEA
in line with pressure system codes such as the ASME
standards and British Standards and European codes.

Benefits of Finite Element Analysis (FEA)

Performing FEA provides several benefits including:

* Delivers an immediate increase in accuracy, providing
more informed knowledge regarding the structural
behaviour of an asset under its intended loading.

* It allows for consideration of complex loading
combinations, and removes restrictions and
limitations that come with codal formula-based
approaches. This can allow the substantiation of
non-standard design features, or provide the greatest
likelihood of demonstrating an in-service assets
structural integrity, which can provide plant operators
sound justification to keep equipment operational
when other assessment methods may deem
otherwise. This can prevent costly unscheduled plant
outages.
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* \Verification is key to the development of an accurate
FEA simulation. AXIOM’s FEA procedures ensure that all
analyses are subject to robust verification to ensure they
replicate the real-world scenario they are investigating.
Verification checks include mesh convergence studies,
force reaction checks and comparison with stresses and
deflections which can be calculated referencing the
established equations of mechanical principles.

* AXIOM’s Engineers are trained to simplify analyses
where appropriate to increase efficiency, without
compromising accuracy. Simulation techniques such
as the use of symmetry or shell elements can reduce
simulation times, positively impacting lead time and
project costs.
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