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Many students, all over the world, regularly contact me asking&owto prepareanFEA nt er v i

Sincel am not a job interviewer, | contacted peoplearound me who are involvedin sucha role from
variousindustries, and | askedthem which questionsthey askto the candidatesthey interview for
an FEAposition.

Then,| selectedthe 50 mostfrequentlyaskedquestionsIn this document| am goingto give you the
best answers. | meanthe answersthat an interviewerwishesto hear.

After eachanswer | refer to the chapterof my book© P r a d¢-inite ElemnéntAnalysisfor Mechanical
E n g i nirewhichsyd canfind more details related to the question. If you wish, you canalsolearn
more in the online FEAAcademycourses

| taNvaysgoodto give a short answerto the questionsbut it is goodalsoto be preparedto answer
in detail if the interviewer asksfor more details.
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| Helping Engineers and Students to Learn FEA
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The part analyzed under

certain conditions (static,

dynamic, modal, buckling,
linear, nonlinear...)

QUESTION 1.
DEFINE FINITE ELEMENT METHOD (FEM)

Answer. FEMis a numericaltechnique for finding approximate
solutions of partial differential equations by solving boundary
value problemsin which a large domain s divided into smaller
piecescalledelements

<
=

A small section of the
analyzed part. The

GOVERNING governing equations can
Thesolutionis determinedby assumingcertain polynomials The Equarions SRR

the equations for
what is occurring in

that section, and then
mathematically allowing

the size of the section
to become infinitesimal.
Each section is called an
“element.” Each element

acts on its neighboring
elements. FEA assembles

Chapterl: DefiningFinite ElementAnalysis the equations from all
Chapter2: Workingwith FEA SR o

The numerical solution

is determined by a
computer.

small piecesare calledfinite elementsand the polynomialsare
calledshapefunctions

© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview 3
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QUESTION &2
LIST OUT THREE ADVANTAGES OF FINITE ELEMENT ANALYSIS

Answer.

1. FEAallows for modeling of complex geometricaland irregular shapes
with complex load conditions that we cannot solve using classical
methods

2. Manydifferent typesof boundaryconditionscanbe considered

3. Sincethe propertiesof eachelementare evaluatedseparatelydifferent
materialpropertiescanbe consideredor eachelement

g Chapter2: Workingwith FEA
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QUESTION #33

WHAT ARE THE BASIC STEPS FOR BUILDING AN FEA?

Answer.

1.

2
3.
4

o

Cleanup of geometry

. Discretization of the structure (meshing)
Applying the element properties
. Applying the boundary conditions (restraints and

loading)
Setting the solution
Solving

Verification and Pogprocessing

g Chapter2: Workingwith FEA
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QUESTION &4l
WHY To DO FEA?

Answer. We do FEAbecausethis kind of analysisuses
mathematical models to understand and quantify the
effectsof realworld conditionsat the three stagesof the
productlifecycle

1 Before,to define the product, to help the engineers
createafeasibledesign

1 After the productis designedto permit the validation
of the defineddesign

1 After the product is released,to investigateproduct
failures

g Chapter2: Workingwith FEA
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QUESTION #5
oW ACCURATE IS EEA?

Answer. FEAcanyield spectacularlyaccurateresultswhencomparedwith
physicaltest results However,in a complexFEA|it is still not possibleto
obtain an error of lessthan 1% in the whole model Generallya target of
+10%globalerror allowsfor verygoodpredictions,but this target doesnot
preventthe occurrenceof better accuracyin somelocalregionsof the FEA

An FEAwill give accurateresults if the analyst pay attention to many
parameterslike geometricaland material properties,meshquality, loading
conditions, boundary condition, to name a few. But at the end it is not
possibleto obtain a better accuracythan the input datapermits.

g Chapter 2: Working with FEA

e

PRECISION

High Precision
Low Accuracy

Low p
fecis
o Sion

((Ula(y

High Precision
High Accuracy

o oo
ACCURACy
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QUESTION #6

WHAT IS THE DIFFERENCE BETWEEN THE FINITE
ST E—— DISPLACEMENT IMETHOD (FDIM) AND THE

L FINITE ELEMENT METHOD (FEM)?
Temperature , Ei ,
o &rt) 9z &) Answer.

s | 2708 ETIVALIVES FDMis a numericalmethod for solvingdifferential equations

= by approximatingderivativeswhile FEMis a numericalmethod
for finding approximatesolutionsto boundaryvalue problems
for partial differentialequations

SFFFT L e . FDM is an older method than FEM that requires less

R —————— computational power but is also lessaccuratein some cases
where higherorder accuracyis required FEMpermitsto geta
higher order of accuracybut requires more computational
power andis alsomore exigenton the quality of the mesh

g Chapterl: DefiningFiniteElementAnalysis
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100"

QUESTION 7/

—»

1000 lbs
—

WHAT 1S MEANT BY DISCRETIZATION?
WHAT 1S MEANT BY MESHING?

MUY

Answer. Discretization (or meshing) is the process of
subdividingthe componentsinto a number of elements
whichresultsin a systemof equivalentfinite elements

AN

Chapterl: DefiningFEA
Chapter8: Meshing

b
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Linear '/.\. 3 nodes — TRIA3

QUESTION #8
AN o0 e WHAT ARE THE FACTORS GOVERNING THE
w12 D anodes-aunos SELECTION OF ELEMENT TYPES?
E B ;;3 8 nodes - QUADS
' Answer.
/ﬁ? 1. Thegeometryof the parts| wantto analyze
2. Thebehaviorsl wishto capture
my—— Mention that the knowledge of the Library of
Elementsrelated to the FEApackagewe are usingto
" do our modelsis fundamentalfor a good selectionof
inear /<.\\>6 nodes - PENTA6 elements
QAP
/\ .
LR & Chapter7: TheLibraryof Elements
© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview 10
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QUESTION #9
WHAT 1S MEANT BY STIFENESS MATRIX?

Answer. In order to find a solutionto the governingpartial differential equations,the finite elementmethod is
usedasthe numericalmethodto find the solution

In the processthe stiffnessmatrix representsthe systemof linear equationsthat mustbe solvedin order to find
anapproximatesolutionto the differential equations

Node 1 Node 4 Node 5
U Vi Ug Va Us Vg
L : Thi1x  Kiixy] [Kiax  Kiaxy] [Kisx  Kisxy]
g Chapter 5: Basis of FEM Theory PSR I P I P :i
U rement 1 = [ Karx  Karxy] [Kaax Kaaxy] [Kasx  Kasxy) Uy
-k4-1yx k41y | .k44yx k4—4_'y | .k4—5yx k45y k Vg
[ 515 kSlxy- [ 54 k54xy- [ fessx kSSxy_ Ug
B fk51yx k51y | ch543.195 k54y ] kaSyx k55y 11 Vs

© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview 11
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QUESTION #0

GIVE THE MAIN PROPERTIES OF THE GLOBAL STIFFNESS MATRIX
OF A SYSTEM MODELED BY FEM

fa| | Faa Fan Koo Fapn Ko K | 4
ol e e || Answer
Fa| | Faa Fop Ko Kap Kas Fanduell 1. The order of the global stiffness matrix correspondsto the total
A [ e ) humberof degrees reedom )
_:7;3 Fpa o E Fge E s | 2. Theglobalstiffnessmatrix is singular(needsboundaryconditionsto
solvethe system)
3. Eachcolumn of the stiffnessmatrix is an equilibrium set of nodal
f =Ku forcerequiredto produceunit respectivedegreeof freedom
4. The global stiffness matrix of a system is a square matrix, IS
symmetricand sparse(mostof the termsare null)
g Chapters: Basisof FEMTheory
© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview 12
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QUESTION il
DEEINE THE TERM SHAPE FUNCTION

Answer. The shape function is the function which
interpolates the solution between the discrete values
obtainedat the nodesof a mesh Low order polynomials
aretypicallychosenasshapefunctions

g Chapters: Basisof FEMTheory
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QUESTION #1.2

WHY ARE POLYNOMIALS GENERALLY USED AS
SHAPE EUNCTION?

Answer. Polynomialsare generallyusedasshapefunction
dueto the followingreasons

1. Differentiation and integration of polynomials are
guite easy

2. The accuracy of the results can be improved by
increasinghe order of the polynomial

3. It is easyto formulate and solve the finite element

| ' equationsusingpolynomialswith a computer

g Chapters: Basisof FEMTheory
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QUESTION #1.3

WHAT ARE THE DIEEERENT TYPES OF ELEMENTS
USED IN FEA? GIVE EXAMPLES.

Answer. Thevariouselementsusedin FEAare classified
as

- Onedimensionaklements(truss,beam,spring)
- Twodimensionaklements(shell)

- Threedimensionaklements(tetrahedron,hexahedron)

g Chapter 7: The Library of Elements
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QUESTION #14
GIVE FOUR POSSIBLE LOCATIONS EOR NODES?

o‘o

Answer.

b
%
%

',‘:
X
= ‘0‘.
SN
iy
g

1. Pointof applicationof a concentratedioad.

2. Locationwherethere isachangen intensity of loads

3. Locations where there are discontinuities in the
geometryof the structure.

4. Interfacesbetweenmaterialsof different properties

Chapter7: TheLibraryof Elements
Chapter8: Meshing

© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview 16
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QUESTION #15

WHAT 1S MEANT BY PLANE STRAIN CONDITION?
GIVE AN EXAMPLE.

Answer. Planestrain is a state of strain in which normal
strain and shear strain directed perpendicularto the
planeof the bodyare zera

Theplanestrain assumptionis usedfor long bodiesin the \
normal direction with a constantcrosssection,subjected X
to loads acting only in the xy-plane A dam is a good

example

g Chapter7: TheLibraryof Elements

© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview
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QUESTION #16

WHAT 1S MEANT BY PLANE STRESS CONDITION?
GIVE AN EXAMPLE.

Answer. Plane stressis a state of stressin which the
normal stressand shearstressperpendicularto the plane
are zero.

A thin member,with a smallnormaldimensioncompared
to the in-plane x and y dimensions,on which loads act

only in the xy-plane canbe consideredto be under plane
stress

g Chapter7: TheLibraryof Elements

© 2022 FEA Academy
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QUESTION #7
Triangular:
WHAT IS ASPECT RATIO? AN
\LIN\,
Answer. Aspectratio is definedasthe ratio of the largest ‘ o ]
dimensionof the elementto the smallestdimension e = V312
Max 7[7)

In many cases, as the aspect ratio increases, the
inaccuracyof the solution increases The aspect ratio Quadrilateraj:
shouldbe closeto unity aspossible

zd
i
g Chapter8: Meshing \ Aspect Ratio = py;,, (ﬂ
—_— L2
© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview 19
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QUESTION &1
WHAT 1S A TRUSS ELEMENT?

~ Answer. The truss elements are the part of a truss
’ A structure linked together by point joints, which transmit
only axialforceto the elements

g Chapter7: TheLibraryof Elements
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QUESTION %19

THE FINITE ELEMENT METHOD (S AN APPROXIMATE METHOD (TRUE OR [FALSE)? JUSTIFY YOUR
ANSWERG

Answer. True, becausethe finite element method is a mathematicalprocedureusedto calculateapproximatesolutionsto
differential equations

Duringthe processthe differential equationsgoverningthe modeledbehaviorare transformedinto a set of linear equations
obtainedby discretization Thesimpleequationsthat modelthesefinite elementsare then assemblednto a largersystemof
equationsthat modelsthe entire problem

Thefinite elementmethod then usestechniquesbasedon the calculusof variationsto approximatea solution by minimizing
anassociatecerror function.

CLASSICAL METHODS NUMERICAL METHODS
EQUATIONS Exact Exact

K = SOLUTIONS Exact Approximate
Chapte rl Defl ni ngF EA NUMBER OF SOLUTIONS A few standard cases All problems
Chapters: Basisof FEMTheory SHAPES o ‘ Na assumptions
BOUNDARY CONDITIONS Simplifying assumptions
Treated as they are
LOADING
Only isotropic All types of property
MATERIAL Only one material Unlimited number of materials
© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview 21
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QUESTION #20
GIVE THE DIFFERENCE BETWEEN GLOBAL AND
LOCAL AXES.
Local Axis
Answer. Localaxesare establishedn an element Sinceit
IS in the element level, they changewith the changein
orientation of the element The direction differs from
. elementto element
Global Axis _ _
Global axes are defined for the entire model Theyare
. samein direction for all the elementseven though the
T elementsare differently oriented.
Chapter7: TheLibraryof Elements
Chapter8: Meshing
© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview 22
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QUESTION 211

[HOW DO YOU CALCULATE THE SIZE OF THE GLOBAL
STIEENESS MATRIX?

Answer,
Global stiffness matrix size =

Number of nodes * Number of DOFs

g Chapters: Basisof FEMTheory
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“““ QUESTION 22

GIVE THE GENERAL EXPRESSION FOR AN ELEMENT
STIFFNESS MATRIX.

Answer.

[B] ¢ Strain displacementmatrix. Formed by the global
derivatives of the shape functions associatedwith the
type of elementsbeingconsidered

V

— g Chapters: Basisof FEMTheory

[D] ¢ The constitutive matrix. Formed by the material
properties

© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview 24
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QUESTION #23

WRITE DOWN THE EQUILIBRIUM EQUATION USED
TO SOLVE DIFFERENT TYPRES OF STRUCTURAL
PROBLEMS.

Keep in your mind the variations of the general equilibrium equation

[MI{i}+[B]{0}+[K]{u}=P(t)

A [M|{it} + [B]{i} + [K|{u} = P(t) STATIC ANALYSIS BUCKLING ANALYSIS
[K]{u} =P ([K1+ A [Kg]){d} = AP

TRANSIENT AND FREQUENCY
RESPONSE ANALYSIS

([K]- A [M]D{g} =0 [M]{u}+B]{i}+[K]{u}=P(t)

Ais the i*" eigenvalue.
{d} is the it eigenvector.
[K ] is the differential stiffness matrix (also called geometric stiffness).

[M] Mass Matrix
[B] Damping Matrix
[K] Stiffness Matrix

{a} Acceleration Vector P(t) Applied Load

{u} Velocity Vector

VIBRATION ANALYSIS

{u} Displacement Vector

g Chapters: Basisof FEMTheory
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Ay QUESTION #24
WIHAT 1S CST ELEMENT?
Node p (xp; ¥p)
Node q (xq; yq)
» XU Answer. The three-node triangular element is known
S ——aa as ConstantStrain Triangle (CST)It has six unknown
Tha 1 displacementegreesof freedom(uy, vy, U,, V,, U, Vs).
Gonstant The element is called CSTbecauseit has a constant
— ‘* strainthroughit. It explainsalsowhy the CSTelements
'''''''''''''''''''''''''''''''''''''''''''''''''''''''' ® are stiffer than quadrilateralelements
/ Chapterb: Basisof FEMTheory
Tria 2: Chapter7: TheLibraryof Elements
Constant
B e T T I N AT W \‘\\,‘a‘l‘ue
© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview 26
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QUESTION #25
WHAT 1S A SINGULARITY? GIVE EXAMPLES. RRNRE
Answer. Pointin a model where valuestend toward an

infinite value A typical exampleis an infinite stressin a Singularicy
smallregionof the model

Usually,it is causedby wrong boundary conditions like

local infinite stiffnessor a force applied on a very small
surface

Chapter 11: Defining Loads and Boundary
Conditions

Chapterl6: Validatingand Correlatingyour FEA

© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview
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QUESTION 26

esh Density

.+5%

WHAT 1S MEANT BY STRESS CONCENTRATION & HOW
WILL YOU MESH FOR SUCH REGIONS?

Answer. A stressconcentrationis a placeof the meshwhere the
stressraisesabovethe appliednominalstress

It behavesin a similar fashionthan stresssingularities,but the
stresswill convergetowardsa finite value,not infinite, giventhat
the meshis sufficientlyrefined.

The convergence study is the method uses to find the
appropriate mesh size in a region experimenting a stress
concentration

& Chapter8: Meshing

© 2022 FEA Academy
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QUESTION 27

WHAT 1S SHEAR LOCKING? HOW CAN WE AVOID |
IT? HOW T AEEECTS THE FEA RESULTS. o C L e )
M \ | / M
\

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Answer. Shear locking is a numerical problem which
produces bending displacementsthat are smaller than

they shouldbe in anelement

Consequentlythe element becomesover-stiff, or locked, VS
when subjectedto a bendingmoment Theshearlocking

effect ultimately induces incorrect displacements, ﬂ J—
stressesand naturalfrequencies / / ‘

Topreventshearlocking,the suggestedolutionsare :

ARefinethe mesh
A Usefirst order elementswith a reducedintegration

g Chapter7: TheLibraryof Elements
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QUESTION #28

WHAT 1S HOURGLASSING? HOW CAN WE AVOID IT? HOW [T
AFFECTS THE FEA RESULTS.

M(, ST )M Answer. Hourglassings a spuriousdeformationmode of a Finite Element
: mesh,resultingfrom the excitationof zero-energydegreesof freedom

It typically manifestsas a patchwork of hourglasslike element shapes,
whereindividualelementsare severelydeformed,while the overallmesh
sectionisundeformed

T Thisis a non-physicalmode that producesincorrect results becauseof
excessivelyflexible behavior To avoid hourglassingthe two suggested
solutionsare:

[ 1] ) A Refiningthe mesh
A Usingfully integratedelements

g Chapter7: TheLibraryof Elements
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QUESTION #29

GIVE TWO CONSEQUENCES OF A WRONG SHELL
NORMAL SETTING

Answer.

1. Wrong pressure loading (positive pressure is
consideredby the solversto be pressureactingin
the samedirection asthe normal)

2. Shelloffsetconsideredat the wronglocation

g Chapter8: Meshing
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QUESTION #30

WHAT 1S SUBMODELING 2

Answer. Submodelings a techniqueusedto compute a
refined solution from a previous coarse analysisthat
employstwo separatemodels a coarsemodel and one
~ S that is more refined.

Theresultsfrom the coarsemodel are usedas boundary
conditionsand mappedonto the refined model

g Chapterl5: Submodeling
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QUESTION &3l

GIVE TWO SUBMODELING METHODS.

Answer.

1. A first submodeling approach involves refining a
critical region of the global model and creating a
transition mesh between the refined region and the
global model The original global model loading is
directly appliedto the localmodel

2. Another submodeling approach involves extracting
the region of interest from the global model and
refining it as needed Then, the displacement/load
fieldsare extractedfrom the globalmodelandapplied
to the standalonéocalmodelasboundaryconditions

& Chapterl5: Submodeling
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QUESTION #32

WHAT 1S A STATICALLY INDETERMINATE STRUCTURE?

Answer. A structure is statically indeterminate when the static
equilibrium equations - force and moment equilibrium
conditions- are insufficient for determiningthe internal forces
andreactionson that structure.

g Chapterll: DefiningLoadsand BoundaryConditions
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QUUESTION #3333

FIOW DO YOU SOLVE THE PROBLEM OF
INCOMPATIBLE DEGREES OF FREEDOM
BETWEEN ELEMENTS?

Answer. The problem of incompatibility of DOFs T,
between elements is solved by using specific PR
multi-point constraints (MPC) elements like

interpolation elements(calledRBB or distributing
coupling)

Chapter 12: Rigid Body Elements and
Multi-Point Constraints
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QUESTION 234}

WHAT IS RESIDUAL STRESS? GIVE TWO EXAMPLES.

Answer. Residuabtressesare stresseghat remainin a componentevenin
the absenceof externalloadingor thermalgradients

In some cases,residual stressesresult in significantplastic deformation,

leadingto warpinganddistortion of a body. Residuaktressesanaffectthe
susceptibilityto fracture andfatigue.

ExamplesResiduaktressesanoccur.

A Inaweldedcomponent
A After agaphasbeenclosedin abolted joint

© 2022 FEA Academy The 50 Most Frequently Asked Questions During an FEA Interview 36
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QUESTION #35

GIVE EXAMPLES OF ASSUMPTIONS WHICH CAN
INFLUENCE THE ACCURACY OF AN [FEA
PREDICTION.

Answer.

Theboundaryconditions(restraintsandloadings)
Thesimplificationsof the CADgeometry
Thediscretization(meshing)
Theassumptionsnadefor the modelingof joints
Thematerialmodels

ok Wi E

Correlation between B~A

g Chapter6: DefiningYourFEAStrategy
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QUESTION #36

GIVE TWO TYPES OF CONTACT INTERACTION, WITH THEIR
PROPERTIES, AVAILABLE IN COMMERCIAL [FEA PACKAGES.

Answer.

A Gluedcontact Gluedcontactallowstwo bodiesto be fixed at the
contactsurface,evenif they do not havethe samemeshon both
sidesof the bodies

A Touchingcontact The bodiesinvolvedin a touching contact can
move relative to one another, with the additional condition that
onebodyis not allowedto penetratethe other.

g Chapterl4: ModelingContacts
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QUESTION 37/

GIVE THE THREE TYPES OF NONLINEARITY
ENCOUNTERED IN MECHANICAL STRUCTURAL
ANALYSIS,

Answer.

1.
2.

3.

Geometricnonlinearity (largedisplacements)
Material nonlinearity (the material behaviordoesnot
followthel 2 2 (&R a

Boundarynonlinearity(contactproblem)

g Chapter21: NonlinearStaticAnalysis
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