S. POST-PROCESSING PHASE

Post-processing is the part of the analysis process that involves reviewing and interpreting the results from the solver. Back in the 60’s the
specialists at NASA would have just got reams of paper from their dot matrix printers, full of numbers that they’d have to manually review to
figure understand the analysis results.

But again, thanks to modermn computers and software, the post processing software now offers the engineer nice colouredpictures on the screen
to show the deformed shape of the part and where any stress “hot spots” may be [10].

Whilst this may seem a little gimmicky, these coloured pictures, technically known as contours, are a very intuitive way of interpreting the
results and quickly getting a practical picture of the overall state of the part, regardless of vour technical knowledge... anyone can see if it’s
red, that’s generally bad! The post processor will also show you the deformed shape which helps the analyst understand how the stresses are
developing and what changes can be made to improve the design.

Although modern post processors makes viewing results quite straight forward, accurate interpretation of the analysis still requires a thorough
knowledge of engineering principles, stresses and material properties. A good analyst will know what changes need to be made to the part to
reduce areas of high stress and even determine how much material can be removed from areas of low stress, resulting in a stronger, lighter part
[10].

5.1. About pre- and post-processor

The greatest challenge for engineering managers is mitigating the nisks inherent in any new product design. FEA technologies help enable
significant reductions in risk, which is why they are so widely used. Industry leading pre- and postprocessing can provide an additional order-
of-magnitude gain in analyses. The gains are in accuracy and control — simplifying and cleaning up the geometry and the discretized data that



goes into creating the finite element model and ensuring that the calculated results are both understandable and relevant. Fig. 137 illustrates
the role of the pre- and postprocessor and solver in the product design process [50].

The main problem of post-processing phase 1s to understanding the results. Given the potentially huge amount of data that can be created by a
finite element solution, it’s important to be able to quickly interpret results and gain an understanding of the model’s behavior for a quick
analysis turaround [50].

Preprocessor

Analysis solution
Finite elamant

modeling 1 r“"—r‘% —= Solver
= Geometry editing =3 ’ j
- Apply loads i .

* Apply contraints
= Create FE model (mesh)
= Define matarial properties

e = Design

3 feedback
t ﬁ I
.

Geometry model'ng
(impert fram CAD system)

Postprocessor

Fig. 137 The finite element analysis process [S0]

The role of the preprocessor, as seen in Fig. 138, is to import the geometry data, correct the geometry and discretize or mesh it in order to
1dealize a physical design and create an FE model for analysis. Automation and customization capabilities provided by the preprocessor can
help to speed up this process. Following analysis by a solver, the postprocessor imports and displays the results in a graphical format and helps
the understanding of model behavior. With a good understanding of the performance of the design from the analysis, the analyst may return to
the preprocessor to further refine the model if necessary, and re-run the analysis [50].
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Fig. 138 The role of the pre- and the postprocessor [50]

Each time an FE model is solved, it can help create a vast amount of results data. The ability to process the data and quickly gain an
understanding of the model behavior is important for a fast analysis turnaround. The postprocessor should therefore allow full control of results
selection and include a robust and varied set of tools to manage and display results, while at the same time facilitate easy comprehension of
the data. Results viewing becomes more complex with highly idealized models, so the postprocessing tools should provide the ability to easily
view appropriate results quantities on shell and beam elements [50].

5.2. General considerations about the post-processing phase

After a finite element model has been prepared and checked, boundary conditions have been applied, and the model has been solved, it is time
to investigate the results of the analysis. This activity is known as the post-processing phase of the finite element method. Post-processing
begins with a thorough check for problems that may have occurred during solution. Most solvers provide a log file, which should be searched
for warnings or errors, and which will also provide a quantitative measure of how well-behaved the numerical procedures were during solution.

Next, reaction loads at restrained nodes should be summed and examined as a "sanity check”. Reaction loads that do not closely balance the
applied load resultant for a linear static analysis should cast doubt on the validity of other results. Error norms such as strain energy density
and stress deviation among adjacent elements might be looked at next, but for h-code analyses these quantities are best used to target subsequent
adaptive remeshing [47].
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Once the solution 1s verified to be free of numerical problems, the quantities of interest may be examined. Many display options are available,
the choice of which depends on the mathematical form of the quantity as well as its physical meaning. For example, the displacement of a solid
linear brick element's node is a 3-component spatial vector, and the model's overall displacement 1is often displayed by superposing the
deformed shape over the undeformed shape.

Dynamic viewing and animation capabilities aid greatly in obtaining an understanding of the deformation pattern. Stresses, being tensor
quantities, currently lack a good single visualization technique, and thus derived stress quantities are extracted and displayed. Principal stress
vectors may be displayed as color-coded arrows, indicating both direction and magnitude. The magnitude of principal stresses or of a scalar
failure stress such as the Von Mises stress may be displayed on the model as colored bands. When this type of display 1s treated as a 3D object
subjected to light sources, the resulting image is known as a shaded image stress plot. Displacement magnitude may also be displaved by
colored bands, but this can lead to misinterpretation as a stress plot [47].

An area of post-processing that is rapidly gaining popularity is that of adaptive remeshing. Error norms such as strain energy density are used
to remesh the model, placing a denser mesh in regions needing improvement and a coarser mesh in areas of overkill. Adaptivity requires an
associative link between the model and the underlying CAD geometry, and works best if boundary conditions may be applied directly to the
geometry, as well. Adaptive remeshing is a recent demonstration of the iterative nature of h-code analysis [47].

Optimization is another area enjoying recent advancement. Based on the values of various results, the model is modified automatically in an
attempt to satisfy certain performance criteria and is solved again. The process iterates until some convergence criterion is met. In its scalar
form, optimization modifies beam cross-sectional properties, thin shell thicknesses and/or material properties in an attempt to meet maximum
stress constraints, maximum deflection constraints, and/or vibrational frequency constraints.

Shape optimization is more complex, with the actual 3D model boundaries being modified. This is best accomplished by using the driving
dimensions as optimization parameters, but mesh quality at each iteration can be a concern [47].

Another direction clearly visible in the finite element field is the integration of FEA packages with so-called "mechanism" packages, which
analyze motion and forces of large-displacement multi-body systems.

A long-term goal would be real-time computation and display of displacements and stresses in a multi-body system undergoing large
displacement motion, with frictional effects and fluid flow taken into account when necessary. It is difficult to estimate the increase in
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computing power necessary to accomplish this feat, but 2 or 3 orders of magnitude is probably close. Algorithms to integrate these fields of
analysis may be expected to follow the computing power increases [47].

In summary, the finite element method is a relatively recent discipline that has quickly become a mature method, especially for structural and
thermal analysis. The costs of applying this technology to everyday design tasks have been dropping, while the capabilities delivered by the
method expand constantly. With education in the technique and in the commercial software packages becoming more and more available, the
question has moved from "Why apply FEA?" to "Why not?". The method is fully capable of delivering higher quality products in a shorter
design cycle with a reduced chance of field failure, provided it is applied by a capable analyst. It is also a valid indication of thorough design
practices, should an unexpected litigation crop up. The time is now for industry to make greater use of this and other analysis techniques [47].

5.3. Results

The primary results in a finite element analysis are grid point displacements and rotations. Element results such as stresses, strains, and strain
energy density are derived from those results. Other results include element forces, MPC forces, SPC forces, and grid point forces. Results of
a finite element analysis are post-processed using a graphical tool [4].

5.3.1. Displacements [4]
Displacements and rotations are computed in linear static, and frequency response analyses. In addition, in frequency response velocities and
acceleration are computed.

Eigenvectors are the primary result in a normal modes and buckling analyses. In a normal modes analysis, they are normalized with respect
to the mass matrix or with respect to the maximum vector component. In a buckling analysis, the latter always applies.

Displacements, velocities, accelerations, and eigenvectors are grid point results. They are plotted as a deformed structure, or as a contour on
the undeformed structure. Some post-processors, such as Ansys or Catia, also allow the animation of the displacements [4].
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Fig. 139 Original and deformed displacement contour plot [10]

3.3.2. Stresses [4]

The stresses are secondary results in a static analysis.

Stresses near notches and other sharp comers, point loads and boundary conditions, and rigid elements are often unreliable due to the
singularities in these points. A mesh refinement in such places can improve the stress prediction. A theoretically infinite stress cannot be
predicted by finite elements.

Stresses are primarily calculated at the Gauss integration points. These give the most accurate prediction. However, element stresses, corner
stresses, and grid point stresses are provided.
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Element stresses are calculated at the centroid of the element. They should only be post-processed using an assign plot. Contouring of element
stresses vastly underestimates the extreme values due to the smearing across element boundaries.

The stresses of interest are usually found on the surface of a structure. Mesh refinement will actually not just improve the stress prediction but
also change the location of the point of stress evaluation. Therefore, it is common practice to use a skin of thin membrane elements in 3D
modeling, or rod elements in 2D modeling, to evaluate the stresses on element surfaces or edges, respectively. This method 1s accurate since
it considers the correct condition of a stress-free boundary if no load is applied to the boundary. The method of skinning a model also has the
advantage of much faster post-processing of solid models because only the membrane skin needs to be displayed.

Besides assign plots, elements stresses can be viewed in tensor plots that can help in the evaluation of the load path in a structure by evaluating
the principal stress directions. Corner stresses are computed by extrapolating the stresses from the Gauss points to the element grid points.
Corner stresses are plotted in a contour plot. Corner stresses for solid elements are not available for normal modes analysis.

Grid point stresses are computed by averaging the corner stresses contributions of the elements meeting in a grid point. The averaging does
not consider the condition of a stress-free boundary. Further, interfaces between different materials, where a stress jump normally can be
observed, are not considered correctly because of the smearing of the stress. Grid point stresses are plotted in a contour plot. For first order
elements, grid point stresses do not provide higher accuracy over element stresses. For second order elements, the stress prediction might
improve by using grid point stress over element stresses, considering the weaknesses mentioned above [4].

The next step is to determine whether a part will break by comparing the stress values from the analysis results to the strength of the material.
Every metal and most plastics have what’s called a yield strength and an ultimate strength. If the stress within the part exceeds the material
yield strength, then the part will not return to it’s original shape when the load is removed. Although the part 1s still in one piece, it’s going to
remain bent, which generally isn’t good. If the stress exceeds the ultimate strength, then the part will fracture and break. Ideally, the whole aim
of the analysis is to make sure the stresses within the part remain below the yield strength of the material [10].
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Fig. 141 Increased Fillet Radius [10]
Fig. 140 Stress Contour (units are MPa) [10]

In our suspension upright example, the stress contour shows a maximum stress of 325 MPa, which is above the material’s yield strength of 250
MPa, but below the tensile strength of 345 MPa. Sothis means the part will bend under these loads, but won’t actually break in two. Still, a

bent upright is of no use to anyone so one possible change to make to the part would be to increase the radius of the fillet in the high stress area
to add some extra material.

And after rerunning the analysis, it’s clear that the maximum stress in the part has dropped to a much more acceptable value of 120 MPa. Much
better to have figured this out now, rather than after having parts made and tested (not to mention cheaper and safer!).
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It’s clear that there are many benefits to using this type of simulation

tool in engineering: reduced costs; reduced design time; being able to SUB2- acceleraing
o 4 . 5 = 2 Von Mises Stress

assess a wide variety of designs; and ending up with a stronger, lighter —

part. = Drriolts

I <167e402

. <ametr|
<4 17a+01
3.3.3. Strains [4] | <asmen

Max = 1.208+02
Min = 8.860-02

Strains are secondary results. They are calculated as elements strains.
Remarks made above on element stresses apply here too.

5.3.3.1. Strain Energy Densities

Strain energy densities are secondary results in static and normal
modes analysis. They are calculated as element strain energy
densities. Remarks made above on element stresses apply here too.

Fig. 142 Results for Revised Design [10]
5.3.3.2. Forces

Element forces, MPC forces, SPC forces, and grid point forces are
printed as tabulated output.
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5.4. Samples of post-processing

5.4.1. Post-processing in CATIA [14]

The case study for this lesson is the Drill Press Table FE model post-processing (Fig. 143). The focus of this case study is to post-process the
computed data as per requirement.

Youmust decide which results are required to be viewed. Based on this decision you will create the visualization images and an analysis report
which will clearly summarize the results of the computation.

Stages in the Process

This will involve the following steps to perform the case
study. First, you will learn what is meant by Post-processing.
Later, you will see how to use the various result visualization
functionalities in the GPS workbench.

1.

You will create Translational Displacement Magnitude Plot, also find the value of maximum displacement and its location (Fig. 144).
You will create plots for Maximum and Mimimum Principle stress distribution with discontinuous 1so. Find out the location of the
maximum values.

You will create Von Mises stress distribution plot and find the location of maximum value in FE model.

You will create Local error distribution and find the
location of maximum value.

You will create output sensors for Error in Energy,
Global Error Rate percentage.

You will create Resultant sensor to know reactions
at restraints.

You will create Analysis Report with Images.

L
Fig. 143 Drill press Table FE Model Fig. 144 Drill press Table
Translational Displacement Image

Understand Post-processing.
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5.

Create Visualization Images.
Create Extrema on created images.
Use sensors.

(Generate analysis report.

What is Post-processing

Post-processing involves all those steps which are carried out after computation of results:

Create different images like Deformation, Displacement magnitude, Stress, Reaction

force, and other available images from computed solution data.

Find location of result values in FE model.

Validate the results using different images and study these images to understand and interpret the solution.
Make decisions for further improving the solution with mesh refinement iterations or other solution types.
Validate the current design or provide the changes based on the results.

Visualization Images

CATIA provides the different visualization images to study the results of the analysis as shown in the table below. When you edit an image,
you can choose the image type. Location of the result values, provided by the solver, changes according to the selected type. You can choose
the location for text and symbol types only.

Image Purpose of the image

Deformation To visualize finite element mesh in the deformed configuration

Displacement To visualize displacement field patterns which represent variation of position vectors of material particles

Principal Stresses To visualize principal stress field patterns which represent a tensor field quantity used to measure the state
of stress

Von Mises Stresses To visualize the Von Mises Stress field patterns, which represent a scalar field quantity obtained from the
volume distortion energy density

Precision To visualize computation error maps
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Sensors

Sensor 1s a physical output of a computation. Sensors allow you to produce specialized output provided as a single value rather than a range of
values displayed on the model.

You can use sensor output to:

+  Validate the Analysis Results

Synthesize the analysis results and use it as a parameter to improve and optimize design specifications.

Global sensor (Fig. 145) provides an output value for the entire FE model, while local sensor provides an output value for a local region in the
FE model.

, = |l_'_|]£| =10l x| Static Case Solution.1 - Translational displacement
—Local Sensors ———————— magnitude.1
Global Sensors Piston0033_FEA_Report |
[ = Displacement Magnitude
Energy Displacement Yector MESH Traneisnond dsplacement magntxde. |
Etror in Energy 555 olress
Global Error Rate (%) .
Maxirmum Displacement
Maximum Yon Mises
Competihy | Seatleiics
@ OK @ Cancel I @ oK I & Cancel l Materials. 1
Mavensd Ay
. Vemg Mudahis
Fig. 145 Sensors L

Fig. 146 Report

Report Generation

After the required level of solution accuracy is reached, after and several mesh refinement iterations, you can generate reports. In this step of

report generation, you will present the information generated during all stages of the FE Analysis process: Pre-processing, Computation, and
Post-processing (Fig. 146).
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5.4.2. Post-processing in ANSY'S [6]

Haorerois cioacbmralre sake ate awrailable:

= Directioral and total defoomation.
Corvporerits  prine pal, of Tweariats of stre g s and draie,
Coptact cuipnat.
Ee action forces.

= DMlore .. ..

Ity Bl chuamic 4 1o sake yreyrhe re quested bef ore or sfter sokdrs.

If o cokee 4 rrodel then te quest remilte sftepaarde, click orvthe “Sole **nitor, ard the renibts wrill be retriewed (e reailts file ic
Te - Tead).

Yon can also gkt click the Sohation branch or 4 newrresalt ftem and “Frrahiate 411 Fe aale™. | 2,
& rear sohation is ot Tequire d.
Coribonar arud vector plots aTe 1maalby chonam onthe defonmed gecenetyr. Uee the Cordext Toolbar to change cetbing: .

E-'uw:mm- L '&'q'lr- -
B 1ok
"h= I = b rs I

Eealts can be scoped torode s usimghatre d se lections, The def oonation of the model can be plotted

Total def omrmatioz is 4 oo alar Quardiy:
II"-':*-'.:? = i) I' +'I".'. +U :.

X

193



+  The x, y, and z components of deformation can be requested under “Directional”, in global or local coordinates.
+  Vector plots of deformation are available (see Fig. 148).

&: Static Structural

Equivalent Stress 2

Type: Equvalent (vonises) Strass
LNk MPE

Tire: 1

LIISE00 237 PM
430.71 Mane
=77
4475
ETE
=679
215,81

Details of "Equivalent Stress 2" i
| Scope e
Scoping Method INamed Selection 43.879Mn
Mamed Selection | Top Nodes
[=/| Definition
Fig. 147 Details of Equivalent stress Fig. 148 Vector plot

Stresses and strains:

+  Stresses and (elastic) strains have six components (X, v, z, Xy, vz, xz) while thermal strains have three components (x, y, z)

+  For stresses and strains (Fig. 149), components can be requested under “Normal” (x, ¥, z) and “Shear” (xy, vz, xz). For thermal
strains, (, y, z) components are under “Thermal.”

+  Principal stresses are always arranged such that s1 > s2 > 53

+ Intensity is defined as the largest of the absolute values

-5l - 82,82 - 83o0rs3 - sl
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Fig. 149 Menu for stresses and strains Fig. 150 Contact tool and contact results

In addition to the standard result items one can insert “user defined” results. These results can include mathematical expressions and can be
combinations of multiple result items. Define in 2 ways:

¢+  Select “User Defined Result” from the solution context menu

- l B |inearized Stress - | Q{Prube - @Taais - | B User Defined Result
o8|

*+ OR - From the Solution Worksheet highlight result > RMB > Create User Defined Result.

User Defined Result Expressions

ki [DstaType  [oatastyle | Component | Espresson | Outputink ||
u Modal Scalar 3 w Displacement

u Modal Scalar ¥ uy Displacement

u Nodal Scalar z ez Desplacement

u Modsl Scalar SUM USLM Displacement

u Modsl Wector VECTORS WVECTORS Displacement

S Element Madal Scalar X 4 Stress

-} Element Modal Scalar Y S5y Stress

< - o - = S
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