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This is a quick-and-dirtyintroductorytutorial to theANSYS softwarepackagethatdetailshow to solve a simple
statictrussproblem.ANSYSis afinite-elementanalysispackageusedwidely in theindustryto simulatetheresponse
of a physicalsystemto structuralloading,andthermalandelectromagneticeffects. ANSYS usesthe finite-element
methodto solve the underlyinggoverningequationsand the associatedproblem-specificboundaryconditions. No
previousknowledgeof ANSYS is assumedin this tutorial.

As you go throughthe tutorial, mark suggestedchangesandproblems,andhandin a descriptionof what you
learned.The tutorial is followedby two problemsets.Recordandsubmithow muchtime you spenton the tutorial
andeachof theproblemsets.

ProblemSpecification

Determinetheforcein eachmemberof thefollowing truss.Indicateif thememberis in tensionor compression.The
cross-sectionalareaof eachmemberis 0.01m

�
andtheYoung’smodulusis
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Figure1: Geometryof thetruss.

Solution Steps

1. Start-upandpreliminaryset-up

2. Specifyelementtypeandconstants
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3. Specifymaterialproperties

4. Createnodes

5. Createelementsfrom nodes

6. Specifyboundaryconditions

7. Solve!

8. Analyzethesolution

Let’sgo throughthesestepsnow.

Start-Up and Preliminary Set-Up

ANSYS is availableat theACCEL computerlabon thesecondfloor of CarpenterHall. To getto ACCEL,go pastthe
circulationdeskof theEngineeringlibrary andtakethestairsto your left. Log into Windowsat theACCELfacility. If
you don’t have anaccount,follow theinstructionson thescreento createanaccount.ANSYS needsa directoryinto
which it cansave files duringthesession.StartNT Explorer from thedesktopandcreatea folder calledansys on the
S: drive. Minimize theNT Explorer window. At ACCEL,theS: driveputsyou in yourhomedirectorywhich is saved
from sessionto sessionandcanbeaccessedfrom any machineat ACCEL.

To startANSYS,click on
Start 
 Programs 
 Ansys 5.5 
 Interactive

In the window that popsup, enterS: � ansys asyour working directory. This is the directoryto which ANSYS will
write files. Specifytruss asyour Initial jobname. Thejobnameis theprefixusedfor all filesgeneratedby theANSYS
run. Click on Run. Thisbringsup thefollowing windows:

� ANSYS/University High Option Utility Menu: This is referredto simply asthe Utility Menu. Note that the
jobnametruss appearsin parenthesisin thetitle barof theUtility Menu.

� ANSYSMain Menu

� ANSYSGraphics

� ANSYSToolbar:This containsshortcutsto often-usedcommandsandcanbecustomized.

� ANSYS 5.5OutputWindow (which might behiddenbehindtheothers):This is thewindow to which outputis
writtenby default andprovidesfeedbackon theactionstakenby ANSYS asyou navigatethemenus.

We’ll moreor lesswork our way down the Main Menu. In the Main Menu,click on the Preferences button. In
the Preferences for GUI Filtering dialog box, click on the box next to Structural so that a tick mark appearsin the
box. Theeffect of selectingthestructuralpreferenceis thatonly menuoptionsapplicableto structuralmechanicsare
shown in thegraphicaluserinterface;optionsrelatedto otherdisciplinessuchasthermal,fluid andelectromagnetics
aregrayedout. This helpsa little while navigating the vastmenuoptionswithin ANSYS. Click on OK to closethe
Preferences dialogbox.

SpecifyElementTypeand Constants

In theMain Menu,click on Preprocessor to enterthepreprocessormodulein ANSYS.This is themodulewhereyou
createthegeometry, specifyappropriatedisplacementconstraintsandloading,andmeshthegeometry. We aremore
or lessgoingto marchdown thismenuto setuptheproblem.This typeof menuis referredto asa“sticky menu”since
it sticksarounduntil youexplicitly closeit. Youwill find yourselfnegotiatingthroughaseriesof sticky menusasyou
work off theMain Menu.

To specifytheelementtype,click on
Element Type 
 Add/Edit/Delete... 
 Add...

Pick Structural Link in the left field and2D spar 1 in the right field. Click Apply to selectthis element.Note that
LINK1 appearsasthe only definedelementtype in the Element Types dialog box. To view the help pagesfor this

2



elementtype,click on Help in theLibrary of Element Types dialogboxandthen,in thebox thatcomesup,select
Pick Elements 3.2: Pictorial Summary

andclick Go To. Thiswill bringupthethehelppagecontainingthepictorialsummaryof theelementtypesavailablein
ANSYS.Ourown humbleLINK1 elementis listedhere.The“1” in theelementnamerefersto thereferencenumberof
thiselementtypein ANSYS’s list of availableelementtypes.Notethatthedegrees-of-freedom(DOFs)for theLINK1
elementareUX andUY i.e. thedisplacementsin X andY directions,respectively. It’s thesimplestway you canlink
two nodes.Note that in generalyou needto take the time to understandthe elementtypesandpick the appropriate
one(s)for your problem.This choicehasa significanteffect on thespeedandaccuracy of thesolution.Minimize the
help window. Click Cancel to closethe Article Selection dialog box. Click Cancel to closethe Library of Element
Types dialogbox. Now youwill seethefollowing in theElement Types dialogbox:

Defined Element Types:
Type 1 LINK1

Click Close andalsoclosetheElement Type sticky menuby clicking on the“x” in theright cornerof thetitle bar.

SpecifyElementConstants

Next we’ll specifytheconstantsfor this elementtype. In thePreprocessor menu,click on
Real constants 
 Add...

This opensup the Element Type for Real Constants dialog box. We have only oneelementtype definedfrom the
previousstepandit’s automaticallyselected.Click OK. For AREA, enter0.01 which is thecross-sectionalareaof the
element.Leave the Initial Strain field blanksinceit’s not applicableto our problem.Click on OK. Click on Close in
theReal Constants dialogbox.

SpecifyMaterial Properties

In the Preprocessor menu,click on Material Props and thenon Isotropic. Click on OK in the Isotropic Material
Properties dialogbox to acceptthedefault materialnumberof 1 (this is just a referencenumberfor book-keeping).
Enter200e9for Young’smodulusEX andclick OK. ClosetheMaterial Props sticky menu.

Saveyourwork by clicking on theSAVE DB buttonin theANSYS Toolbaror equivalently, by clicking onFile 

Save as Jobname.db in theUtility menu.Thissavesall therelevantdatainto onefile called“truss.db”in yourworking
directory, “truss” beingtakenfrom thejobnameand“db” beinganabbreviation for database.Verify thatANSYS has
createdsucha“databasefile” in yourworkingdirectory(S: � ansys). Youcanrestartfrom your lastsaveatany timeby
clicking on RESUME DB in thetoolbaror by usingFile 
 Resume Jobname.db in theUtility menu.Eachtime you
successfullyfinish a seriesof steps,you shouldsave your work. Unfortunately, ANSYS doesn’t have anundobutton
(thoughthat is the first thing I neededwhile learningANSYS!) andoneway to recover from mistakesis to resume
from your lastsave.

CreateNodes

Usually, onecreatesthe geometryandthenusesANSYS meshingroutinesto createthenodesandelements.In our
case,thegeometryis simpleandwe will insteadcreatethenodesandelementsmanually. Eachtrussmembercanbe
representedby a singleLINK1 elementwith a nodeat eitherend. So we’ll needthreenodes,locatedat A, B andC
in figure1. We’ll locatetheorigin of thecoordinatesystemat C andnumberthenodesat A, B andC as1, 2 and3,
respectively.

To createthenodes,in thePreprocessor menu,click on
-Modeling- Create 
 Nodes 
 In Active CS ...

TheactiveCS(i.e.CoordinateSystem)is theglobalCartesiansystemby defaultandwe’ll work only in thiscoordinate
systemin our friendly introduction. ANSYS offers the capability to switch betweenvarioustypesof coordinate
systemswhichwill benecessarywhenyou moveon to solvingsuper-duperproblems.

In theCreate Nodes in Active Coordinate System dialogbox,
Enter1 for nodenumber
Enter0 for X and2.8 for Y (Therestdefault to zero)

Click Apply (whichacceptstheinputandthenbringsbackthedialogbox for furtherinput).
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Enter2 for nodenumber
Enter1.5 for X and2.0for Y

Click Apply
Enter3 for nodenumber
Enter0 for X and0 for Y

Click OK (which acceptsthe input andthenclosesthedialogbox; notethedifferencebetweenApply andOK which
holdsthroughoutANSYS).

Thenodeswill now bedisplayedin theGraphicswindow alongwith a triad thatindicatestheorigin of thecoordi-
natesystem(coincidentwith node3 in ourcase)andtheaxes.To checkif thenodeshavebeencreatedcorrectly, goto
theUtility Menu(usuallyin thetopmostpartof thescreen)andclick onList 
 Nodes . ThisbringsuptheSort NODE
Listing dialogbox. Click OK. Thisbringsupawindow listing thecoordinatesandrotationanglesfor thenodes.Verify
thatyou havethefollowing:

NODE X Y Z THXY THYZ THZX
1 0.0000 2.8000 0.0000 0.00 0.00 0.00
2 1.5000 2.0000 0.0000 0.00 0.00 0.00
3 0.0000 0.0000 0.0000 0.00 0.00 0.00

You can rotatethe coordinatesystemassociatedwith eachnodeand that is what the rotationanglesTHXY, THYZ
andTHZX refer to. In our case,we don’t needto rotatethe nodalcoordinatesystemandso the rotationanglesare
identicallyzero.Closethewindow listing thenodes.ClosetheNodes andCreate sticky menus.

If you arelike me,you madea mistake while creatingnodesandcursedthat thereis no undobutton. To correct
yourmistake(s),youcandeletenodesandre-createthem.In caseyouneedto deleteanode,in thePreprocessor menu,
click onDelete 
 Nodes. Thisbringsup theso-calledpick menu.Click on thenodeyouwantto delete;thenclick on
OK in thepick menu.You shouldseethenodedisappearin theGraphicswindow. You canalsocheckthat thenode
hasbeendeletedusingList 
 Nodes . You canthenre-createthenode.

Onceyou havesuccessfullycreatedthenodes,click on SAVE DB in thetoolbarto save thedatabase.

CreateElementsFrom Nodes

Recallthatwe arerepresentingeachtrussmemberasa singleLINK1 2D sparelement.To createelementsfrom the
nodes,in thePreprocessor menu,click on

Create 
 Elements 
 -Auto Numbered- Thru Nodes
Thiswill bringup theElements from Nodes pick menu.First,createtheelementbetweennodes1 and3 asfollows:

� In theGraphicswindow, click on node1.
ANSYSwill draw a little squarearoundnode1 to indicatethatit’sbeen“picked”.

� Then,click on node3 (at thebottomof thescreenoverlappingthetriad).

� Click Apply in theElements from Nodes pick menu.
Thiswill draw a line betweennodes1 and3 which denotestheLINK1 2D sparelementbetweenthesenodes.

Next, createtheelementbetweennodes1 and2 asfollows:

� In theGraphicswindow, click on node1.

� Click on node2.

� Click Apply in thepick menu.
Thiswill draw a line betweennodes1 and2 which denotestheLINK1 elementbetweenthesenodes.

Last,createtheelementbetweennodes2 and3:

� In theGraphicswindow, click on node2.

� Click on node3.
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� Click OK in thepick menu.(We clickedon OK insteadof Apply sincethis is thelastelementto becreatedand
OK acceptstheinputandthengetsrid of themenu.)

You cannow getrid of theElements andCreate sticky menus.
To takea look at thelist of elements,in theUtility Menu,click on
List 
 Elements
 Nodes+ Attributes

I getthefollowing list in thewindow thatcomesup:

ELEM MAT TYP REL ESY SEC NODES

1 1 1 1 0 1 1 3
2 1 1 1 0 1 1 2
3 1 1 1 0 1 3 2

This tablesaysthatElement1 is of materialtype1 andelementtype1 andis attachedto nodes1 and3 andsoon. In
thiselementlist, theorderof thetwo nodesfor eachelementdoesn’t matter. For example,element3 canbeattachedto
nodes2 and3 or equivalently, nodes3 and2. If oneor moreelementsdoesn’t look right, youcandeleteit andre-create
thatelement.To deleteanelement,in thePreprocessor menu,click on Delete 
 Elements. This bringsup thepick
menu.Click on theelementyouwantto deletein theGraphicswindow andclick OK. Thisdeletestheelement.

Closethewindow listing theelements.Onceyouhavesuccessfullycreatedtheelements,click onSAVE DB in the
toolbarto save thedatabase.

SpecifyBoundary Conditions

Apply DisplacementConstraints

Next, we stepup to theplateto definetheboundaryconditions,namely, thedisplacementconstraintsandloads.Note
that in ANSYS terminology, thedisplacementconstraintsarealso“loads”. Fromfigure1, thepin at A is constrained
in x andy directions;or equivalently, node1 is constrainedsuchthatits UX andUY displacementsarezero.Similarly,
node3 is constrainedsuchthatits UX displacementis zero.

To definethedisplacementconstraints,in thePreprocessor menu,click on
Loads 
 -Loads- Apply 
 Displacement 
 On Nodes

Thisbringsup theApply U,ROT on Nodes pick menu.Click onnode1 in theGraphicswindow; thiswill draw asmall
squarearoundnode1 to indicatethat it’s beenpicked. Click Apply in the pick menu. Selectboth UX andUY from
itemsin DOFs to be constrained list. SincetheDisplacement value is zeroby default, leave thatfield empty. Click
on Apply. You will seetrianglesymbolsappearin theGraphicswindow indicatingthatbothUX andUY DOFsare
constrainedat node1.

Next, click on node3 in theGraphicswindow andclick on OK in thepick menu. Selectonly UX from itemsin
DOFs to be constrained menu.Click OK. You will seea trianglesymbolappearindicatingthatonly theUX DOF is
constrainedat node3. ClosetheDisplacement andApply sticky menus.

List thedisplacementconstraintson themodelby clicking on
List 
 Loads 
 DOF constraints 
 On All Nodes

in theUtility Menu.This bringsup awindow with theconstraintinformation:

NODE LABEL REAL IMAG
1 UX 0.00000000 0.00000000
1 UY 0.00000000 0.00000000
3 UX 0.00000000 0.00000000

Closethis window. Click on SAVE DB in thetoolbarto save thedatabase.

Apply Loading

We haveonly oneloadto applyon thestructure,namely, the2800N forcein thenegativey-directionatnode2. In the
Loads sticky menu,click on

-Loads- Apply 
 Force/Moment 
 Nodes
This bringsup thepick menu.Click on node2 in theGraphicswindow; thenclick OK in thepick menu.In theApply
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F/M on Nodes dialog box that appears,selectFY for Direction of force/mom. Enter-2800for Force/moment value.
Click OK. Thenegativesignfor theforceindicatesthat it is in thenegativey-direction.You’ll seea vectorindicating
theappliedforcein theGraphicswindow.

Click on SAVE DB in thetoolbarto save thedatabase.ClosetheForce/Moment, Apply, Loads andPreprocessor
menus.

Solution

Enterthesolutionmodulein ANSYS by clicking on Solution in theMain Menu. UnderSolve, click on Current LS.
This solvesthecurrentloadstep(LS) i.e. thecurrentloadingconditions.In our problem,thereis only oneloadstep;
ANSYS allows for multiple loadstepsthatcanbesolvedsequentiallywithout leaving theSolution module. Review
the informationin the /STAT Command window which is a summaryof the problemthatANSYS is aboutto solve.
Closethis window. Click OK in Solve Current Load Step dialog box. ANSYS performsthe solutionanda yellow
window shouldpopupsayingSolution is done!. Congratulations!You justobtainedyourfirst ANSYSsolution.Close
theyellow window.

Click onSAVE DB in thetoolbarto save thedatabase.In preparationfor thepost-processingstepto beundertaken
next, exit thesolutionmoduleby closingtheSolution sticky menu.

Postprocessing

To analyzethe solutionobtained,enterthe General Postprocessing moduleby clicking on General Postproc in the
Main Menu.To list theforcesin themembers,click onList Results 
 Element Solution. SelectNodal force data from
list on left. SelectAll forces FORC from list on right. Click OK. This bringsup a window listing theforcesthat the
elementsapplyon eachof their nodes:

PRINT FORC ELEMENT SOLUTION PER ELEMENT

***** POST1 ELEMENT NODE TOTAL FORCE LISTING *****

LOAD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING X,Y,Z FORCES ARE IN GLOBAL COORDINATES

ELEM= 1 FX FY
1 0.0000 -2000.0
3 0.0000 2000.0

ELEM= 2 FX FY
1 1500.0 -800.00
2 -1500.0 800.00

ELEM= 3 FX FY
2 1500.0 2000.0
3 -1500.0 -2000.0

For example,Element2 (or memberAB) appliesa force of 1500N in the  -direction and800 N in the negative� -directionon node1 (or pin A). This meansthat the total force in AB is � ������� ����� ��� ��� ���������
. Theresultant

actsfrom A to B i.e. thememberis pulling on pin A. Soit mustbein tension.Similarly, theforcein Element1 (AC)
is 2000N (tension)andin Element3 (BC) is 2500N (compression).

To list thereactionforcesat thenodes,click on List Results 
 Reaction Solu . SelectAll struc forc F for Item to
be listed andclick OK. This bringsup awindow with thereactionforcesat thenodes:

PRINT REACTION SOLUTIONS PER NODE
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***** POST1 TOTAL REACTION SOLUTION LISTING *****

LOAD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING X,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES

NODE FX FY
1 -1500.0 2800.0
3 1500.0

TOTAL VALUES
VALUE 0.0000 2800.0

Thesumof thereactionforcesbalancestheappliedloadasshouldbethecasefor staticequilibrium.
To takea look at thedeformedshapeof thestructure,in theMain Menu,click onGeneral Postproc 
 Plot Results


 Deformed Shape. SelectDef + undef edge andclick onOK. Thisplotsthedeformedandundeformedshapesin the
Graphicswindow. Notethatthedeformationis magnifiedin theplot soasto beeasilyvisible.

To exit ANSYS, in theUtility Menu,click on File 
 Exit. SelectSave Everything andclick OK. You canlog out
from youraccountby typing Ctrl+Alt+Delete.

This is just a quick introductionto ANSYS to give you a flavor of whata full-fledgedengineeringpackagelooks
like. If it felt unfriendlyor cumbersome,you arenot alone;I went throughthis myself (otherwise,congratulations!
youareagenius).It takessomegettingusedto. Believe it or not, it getsa lot easierto usewith time. Youhavea lot of
yearsaheadof you to gaintheexperiencenecessaryto harnessthepower of finite-elementanalysis.All theANSYS
featuresincludingtheunderlyingtheoryaredocumentedonlineandcanbeaccessedfrom theHelp buttonin theUtility
Menu.That’s thebestway to learnmoreabouttheprogram.Therearetutorialsavailablein thedocumentationwhich
is a goodplaceto start. In the latestversion,ANSYS 5.7, the documentationis HTML-basedandso is similar to
navigatingwebpages.We will have the5.7versioninstalledat ACCEL in thefall.

ProblemSet1

Resumethe ANSYS tutorial andmake modificationsto it asdiscussedbelow. To resumethe ANSYS tutorial, start
ANSYS; specify the samedirectoryas in the tutorial but usea different jobname. OnceANSYS comesup, in the
Utility Menu,click on File 
 Resume from. Choosetruss.db andclick OK.

Considerthecasewherethedisplacementconstraintsat A andC areinterchangedi.e.

� atA, only UX is setto zero,

� atC, bothUX andUY aresetto zero.

Beforeyousolve theproblemin ANSYS,think aboutthefollowing:

1. How wouldyouexpectthereactionforcesat thesupportsA andC to change?

2. Whatcanyousayabouthow thex-componentof theforcesin thetrussmemberswill change?

Re-solve thetrussproblemwith themodifiedconstraints.Youcandeleteconstraintsusing
Preprocessor 
 Loads 
 -Loads-Delete

It workssimilar to how youapplyloads.
Tip: Youcanplot thedisplacementconstraintsin theGraphicswindow asfollows: in theUtility Menu,click on
Pltctrls 
 Symbols

SelectAll Applied BCs for Boundary condition symbol. Click onOK. Youmighthaveto usePlot 
 Replot or Plot 

Multi-Plots in theUtility Menufor theconstraintsymbolsto appearin yourplot.

Submitthefollowing resultsfrom yourANSYSsolution:
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1. Listing of the reactions.Note that you cansave the reactionlisting asfollows: in the window that comesup
with thelisting of thereactionforces,click on File 
 Save as.

2. Listing of elementforces.Fromthis,determinetheforcein eachmemberandwhetherthememberis in tension
or compression.

ProblemSet2

Determinethe force in eachmemberof the following trussusingANSYS. Indicateif the memberis in tensionor
compression.UsethesameLINK1 elementasin thetutorial. Thecross-sectionalareaof eachmemberis 0.02m

�
and

theYoung’smodulusis
������������	

N/m
�
. Verify your resultsby calculatingtheforcesmanually.

x

y

A

B C

1.25 m4 m

F=1008N

3 m

Submitthefollowing:

1. Listing of thereactionsfrom theANSYS solution.Indicatewhich nodecorrespondsto which point (i.e. A,B or
C) in thefigure.

2. Listing of the elementforcesfrom the ANSYS solution. Indicatewhich elementcorrespondsto which truss
member.

3. Your calculationdeterminingthe force in eachmemberandwhetherthememberis in tensionor compression
from theANSYS result.

4. Yourpencil-and-papercalculationsverifying theANSYS resultsfor thememberandreactionforces.
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