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Conspectus

Phab is FEA?

Finite element analysis was first developed for use in the aerospace and nuclear industries where the safety of
structures is critical. Today, the growth in usage of the method is directly attributable to the rapid advances in
computer technology in recent years. As a result, commercial finite element packages exist that are capable of solving
the most sophisticated problems, not just in structural analysis, but for a wide range of phenomena such as steady state
and dynamic temperature distributions, fluid flow and manufacturing processes such as injection molding and metal

forming.

FEA consists of a computer model of a material or design that is loaded and analyzed for specific results.
It is used in new product design, and existing product refinement. A company is able to verify that a
proposed design will be able to perform to the client's specifications prior to manufacturing or

construction. Modifying an existing product or structure is utilised to qualify the product or structure for
a new service condition. In case of structural failure, FEA may be used to help determine the design modifications to

meet the new condition.
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Mathematically, the structure to be analyzed is subdivided into a mesh of finite sized elements of simple
shape. Within each element, the variation of displacement is assumed to be determined by simple

polynomial shape functions and nodal displacements. Equations for the strains and stresses are

developed in terms of the unknown nodal displacements. From this, the equations of equilibrium are
assembled in a matrix form which can be easily be programmed and solved on a computer. After applying the
appropriate boundary conditions, the nodal displacements are found by solving the matrix stifiness equation. Once the
nodal displacements are known, element stresses and strains can be calculated

within each of these modeling schemes, the programmer can insert numerous algorithms (functions) which may make
the system behave linearly or non-linearly. Linear systems are far less complex and generally ignore many subtleties
of model loading & behavior. Non-linear systems can account for more realistic behavior such as plastic deformation,

changing loads etc. and is capable of testing a component all the way to failure.
Despite the proliferation and power of commercial software packages available, it is essential to have an

understanding of the technique & physical processes involved in the analysis. Only then can an appropriate & accurate
analysis model be selected, correctly defined and subsequently interpreted.
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What's Bhe difference betuseen FEM & FEA ?

This is a very contentious issue, one that academics love to debate over a cool long-neck of
a friday evening. I am going to stick my head on the block here & try to explain the
difference, happy chopping my academic friends.

The terms 'finite element method' & 'finite element analysis' seem to be used interchanably
in most documentation, so the question arises is there a difference between FEM & FEA ?
The answer is yes, there is a difference, albeit a subtle one that is not really important

enough to loose sleeps over.

The finite element method is a mathematical method for solving ordinary & elliptic partial
differential equations via a piecewise polynomial interpolation scheme. Put simply, FEM
evaluates a differential equation curve by using a number of polynomial curves to follow
the shape of the underlying & more complex differential equation curve. Each polynomial
in the solution can be represented by a number of points and so FEM evaluates the
solution at the points only. A linear polynomial requires 2 points, while a quadratic requires
3. The points are known as node points or nodes. There are essentially three mathematical
ways that FEM can evaluate the values at the nodes, there is the non-variation method
(Ritz), the residual method (Galerkin) & the variation method (Rayleigh-Ritz).
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FEA is an implementation of FEM to solve a certain type of problem. For example if we
were intending to solve a 2D stress problem. For the FEM mathematical solution, we would
probably use the minimum potential energy principle, which is a variation solution. As part
of this, we need to generate a suitable element for our analysis. We may choose a plane
stress, plane strain or an ax symmetric type formulation, with linear or higher order
polynomials. Using a piecewise polynomial solution to solve the underlying differential
equation is FEM, while applying the specifics of element formulation is FEA, e.g. a plane
strain triangular quadratic element.
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Prolegomena

Base on the skills we learned how to build a wodel at the class “Solid wodeling
using Pro/E’, ln this semester we try to analysis the piston of car that we have seen

in our daily Life. And try to put it in different materials and justice out why the
sport car has been so absorbed Ln there engine study.

P
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Technological processes

Know the piston Dissection piston

Engine — Piston
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Using Pro/E built the model

simulating ReALTY MSC A SOFTWARE’

SIMOFFICE

Put the model in MSC software SIM office
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Model of single piston

and finite elements —>
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Emyw/m/g Conditipmns

Tl/\eoretiaaug, no bouwda% conditions are required. However, | do advise to a}zptg at least
one to @ model, as it will help the solver overcome any potential problems due to rvigid body
motlon (otherwise known as tll-conditioning). Just fix any po'mt own the model with a zero

displacement, and the model will atwags solve.

if you intend applying boundary conditions, note that the results of elgenvalue analyses
are very sensltlve to the way in which BC's are applied. Thevefore, aLwags try to replicate the
physteal boundary conditions as closely as possible. If you cannot achieve this for some
reason, carry out a semsitivity analysis by wodifying the BCs slightly § comparing the
results with Yyour previous output. This will give you an indication of the influence the BCs

have own the results.
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Analysis event
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Amendment of new piston

We discover the stress concentration Will happen at the
intersection point Of piston and the Cam bar by this ahalysis results.
If the material Can’t afford the stress concentration, which will be
CraCked at the intersection point, the Stress concentration seems
tO0 be a CircumstanCe we Can’t avoid. As intended engineers, we
heed tO figure out how to deCrease the deformation Of the piston.
At the results we manhage to amend Cam bars, and let the
intersection part become wider and more depth. Finally, we use
FEM to analysis it, ahd we find out the result really improves a |ot.
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Built a new model at Pro/Engineer software
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As compared with used
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Sentiments

s

The reason that | choose this piston to analysis the final project is because tm very
interesting tn it. As we all know the power of the car is because the piston in car’s engine
keeps on blowing and the alr in it is expansion once and once. Therefore, material plays a
very bimportant rule tn the piston. (f the engineer uses wrong wmaterials, the result will be very
horrible. BY this class of the analysis software- Nastran- uses the finite element method to
analysis it's stress and strain to judge the material, which (s goool enough to the piston.
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BE*%

Using the skills we had learned by try more challenge though the skill we have learned this
sevwester and finol out how to use on the thing we interesting. tn our temm we had discuss
many thme, from how do we choose our topic and thew how do we built the model ... the
guestions are always one comes by another. The beginning step building the finite elements
we have try it many time, even have to Let the computer to run more thew twenty minuets, we
often think maybe is our mistake, wntil the answer were show out. As the day we finish
maybe we still didn't know all about this FEA software, but as we try wore we cawn do it
better at the next thme!
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