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This is a quick-and-dirtyintroductorytutorial to the ANSY S softwarepackagehatdetailshow to solve a simple
statictrussproblem.ANSYSis afinite-elementinalysispackageaisedwidely in theindustryto simulatetheresponse
of a physicalsystemto structuralloading,andthermalandelectromagnetieffects. ANSYS usesthe finite-element
methodto solve the underlyinggoverning equationsand the associategroblem-specifidboundaryconditions. No
previousknowledgeof ANSYS s assumedh this tutorial.

As you go throughthe tutorial, mark suggestedhangesand problems,and handin a descriptionof what you
learned. Thetutorial is followed by two problemsets. Recordand submithow muchtime you spenton the tutorial
andeachof the problemsets.

Problem Specification

Determinetheforcein eachmemberof the following truss. Indicateif the membeiis in tensionor compressionThe
cross-sectionadreaof eachmemberis 0.01m? andthe Young's modulusis 200 x 10° N/m?.
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Figurel: Geometryof thetruss.

Solution Steps
1. Start-upandpreliminaryset-up

2. Specifyelementypeandconstants



. Specifymaterialproperties
. Createnodes

. Createelementdrom nodes
Specifyboundaryconditions
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. Analyzethesolution

Let'sgothroughthesestepsnow.

Start-Up and Preliminary Set-Up

ANSYSis availableatthe ACCEL computetdab on thesecondloor of CarpenteHall. To getto ACCEL, go pastthe
circulationdeskof the Engineerindibrary andtake the stairsto yourleft. Log into Windows atthe ACCEL facility. If
you don't have anaccountfollow the instructionson the screeno createanaccount. ANSYS needsa directoryinto
whichit cansave files duringthe session.StartNT Explorer from the desktopandcreatea folder calledansys on the
S drive. Minimize the NT Explorer window. At ACCEL,the S drive putsyouin your homedirectorywhichis saved
from sessioro sessiorandcanbeaccesseffom ary machineat ACCEL.

To startANSYS, click on

Sart — 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 the prefix usedfor all files generatedyy the ANSYS
run. Click on Run. This bringsup thefollowing windows:

o ANSYS/University High Option Utility Menu: This is referredto simply asthe Utility Menu. Note thatthe
jobnametruss appearsn parenthesii thetitle barof the Utility Menu.

ANSYS Main Menu

ANSYS Graphics

ANSY S Toolbar: This containsshortcutgo often-useccommandsindcanbe customized.

ANSYS 5.5 OutputWindow (which might be hiddenbehindthe others):This is the window to which outputis
written by default andprovidesfeedbackon theactionstakenby ANSYS asyou navigatethe menus.

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 Sructural sothata tick mark appearsn the
box. The effect of selectingthe structuralpreferences thatonly menuoptionsapplicableto structuralmechanicsare
shawn in the graphicaluserinterface;optionsrelatedto otherdisciplinessuchasthermal,fluid andelectromagnetics
aregrayedout. This helpsa little while navigating the vastmenuoptionswithin ANSYS. Click on OK to closethe
Preferences dialogbox.

SpecifyElement Type and Constants

In the Main Menu, click on Preprocessor to enterthe preprocessomodulein ANSYS. Thisis the modulewhereyou
createthe geometry specifyappropriatedisplacementonstraintsandloading,and meshthe geometry We aremore
or lessgoingto marchdown this menuto setup the problem.Thistype of menuis referredto asa “sticky menu”since
it sticksarounduntil you explicitly closeit. Youwill find yourselfnegotiatingthrougha seriesof sticky menusasyou
work off theMain Menu.

To specifythe elementype,click on

Element Type — Add/Edit/Delete... — Add...
Pick Sructural Link in the left field and 2D spar 1 in theright field. Click Apply to selectthis element. Note that
LINK1 appearsasthe only definedelementtype in the Element Types dialog box. To view the help pagesfor this



elementype,click on Help in the Library of Element Types dialogbox andthen,in the box thatcomesup, select

Pick Elements 3.2: Pictorial Summary
andclick Go To. Thiswill bringupthethehelppagecontainingthepictorial summaryof theelementypesavailablein
ANSYS. Ourown humbleLINK1 elemenis listedhere.The“1” in theelemennamerefersto thereferencenumberof
thiselementypein ANSYS'slist of availableelementypes.Notethatthe degrees-of-freedorfDOFs)for the LINK1
elementareUX andUY i.e. thedisplacements X andY directions respectiely. It's the simplestway you canlink
two nodes.Notethatin generalyou needto take the time to understandhe elementtypesand pick the appropriate
one(s)for your problem. This choicehasa significanteffect on the speedandaccurag of the solution. Minimize the
helpwindow. Click Cancel to closethe Article Selection dialog box. Click Cancel to closethe Library of Element
Types dialogbox. Now you will seethefollowing in the Element Types dialogbox:

Defi ned El enent Types:
Type 1 LINK1

Click Close andalsoclosethe Element Type sticky menuby clicking onthe“x” in theright cornerof thetitle bar.

Specify Element Constants

Next we'll specifytheconstantgor this elementype. In the Preprocessor menu,click on

Real constants — Add...
This opensup the Element Type for Real Constants dialog box. We have only one elementtype definedfrom the
previousstepandit’s automaticallyselected Click OK. For AREA, enter0.01 whichis the cross-sectionalreaof the
element.Leave thelnitial Srain field blank sinceit’s not applicableto our problem. Click on OK. Click on Closein
theReal Constants dialogbox.

SpecifyMaterial Properties

In the Preprocessor menu, click on Material Props andthenon Isotropic. Click on OK in the Isotropic Material
Properties dialog box to acceptthe default materialnumberof 1 (this is just a referencenumberfor book-keeping).
Enter200e9for Young's modulusEX andclick OK. Closethe Material Props sticky menu.

Save yourwork by clicking on the SAVE_DB huttonin the ANSY S Toolbaror equivalently, by clicking onFile —
Save as Jobname.db in the Utility menu.This savesall therelevantdatainto onefile called“truss.db”in yourworking
directory; “truss” beingtakenfrom thejobnameand“db” beinganabbreiation for databaseVerify thatANSYS has
createdsucha“databasdile” in yourworking directory(S: \ansys). You canrestartfrom your lastsave atary time by
clicking on RESUME_DB in thetoolbaror by usingFile — Resume Jobname.db in the Utility menu. Eachtime you
successfullyfinish a seriesof steps,you shouldsare your work. Unfortunately ANSY S doesnt have anundobutton
(thoughthatis thefirst thing | neededwhile learningANSYS!) andoneway to recover from mistalesis to resume
from yourlastsave.

CreateNodes

Usually, one createghe geometryandthenusesANSY S meshingroutinesto createthe nodesandelements.In our
case the geometryis simpleandwe will insteadcreatethe nodesandelementananually Eachtrussmembercanbe
representedy a single LINK1 elementwith a nodeat eitherend. Sowe’ll needthreenodes,Jocatedat A, B andC
in figure 1. We'll locatethe origin of the coordinatesystemat C andnumberthe nodesat A, BandC as1, 2 and3,
respectiely.

To createthenodesjn the Preprocessor menu,click on

-Modeling- Create — Nodes — In Active CS...
Theactive CS(i.e. CoordinateSystem)s theglobal Cartesiarsystemby defaultandwe’ll work only in this coordinate
systemin our friendly introduction. ANSYS offers the capability to switch betweenvarioustypesof coordinate
systemswhichwill benecessarywhenyou move onto solvingsuperduperproblems.

In the Create Nodes in Active Coordinate System dialog box,

Enterl for nodenumber

EnterO for X and2.8for Y (Therestdefaultto zero)
Click Apply (which acceptgheinputandthenbringsbackthe dialogbox for furtherinput).



Enter2 for nodenumber

Enterl.5for X and2.0for Y
Click Apply

Enter3 for nodenumber

Enter0 for X andO for Y
Click OK (which acceptgheinput andthenclosesthe dialog box; notethe differencebetweenApply and OK which
holdsthroughoutANSYS).

Thenodeswill now bedisplayedn the Graphicswvindow alongwith atriad thatindicateshe origin of the coordi-
natesystem(coincidentwith node3 in our case)andtheaxes.To checkif thenodeshave beencreatedcorrectly goto
theUtility Menu (usuallyin thetopmostpartof thescreenjandclick onList — Nodes . This bringsup the Sort NODE
Listing dialogbox. Click OK. This bringsupawindow listing the coordinatesndrotationanglesfor thenodes.Verify
thatyou have thefollowing:

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 canrotatethe coordinatesystemassociatedvith eachnodeandthatis what the rotation anglesTHXY, THYZ
and THZX referto. In our case,we don't needto rotatethe nodal coordinatesystemand so the rotationanglesare
identically zero. Closethewindow listing the nodes.Closethe Nodes andCreate sticky menus.

If you arelike me,you madea mistale while creatingnodesand cursedthatthereis no undobutton. To correct
your mistake(s),you candeletenodesandre-createhem.In caseyou needto deleteanode,in the Preprocessor menu,
click on Delete — Nodes. This bringsup the so-calledpick menu.Click onthenodeyou wantto deletethenclick on
OK in the pick menu. You shouldseethe nodedisappeain the Graphicswindow. You canalsocheckthatthe node
hasbeendeletedusingList — Nodes . You canthenre-creatghe node.

Onceyou have successfullycreatedhe nodesclick on SAVE_DB in thetoolbarto save the database.

CreateElementsFrom Nodes

Recallthatwe arerepresentinggachtrussmemberasa single LINK1 2D sparelement.To createelementdrom the
nodesjn the Preprocessor menu,click on

Create — Elements — -Auto Numbered- Thru Nodes
Thiswill bring up the Elements from Nodes pick menu.First, createthe elementetweemodesl and3 asfollows:

¢ In the Graphicswindow, click onnodel.
ANSYSwill draw alittle squarearoundnodel to indicatethatit’s been“picked”.

e Then,click onnode3 (atthe bottomof the screeroverlappingthetriad).

e Click Apply in the Elements from Nodes pick menu.
Thiswill draw aline betweemodesl and3 which denoteghe LINK1 2D sparelementbetweernthesenodes.

Next, createthe elementetweemodesl and?2 asfollows:
¢ Inthe Graphicswindow, click onnodel.
e Click onnode2.

e Click Apply in thepick menu.
Thiswill draw aline betweemodesl and2 which denoteghe LINK1 elementetweerthesenodes.

Last,createthe elementbetweemodes? and3:
¢ In the Graphicswindow, click on node2.

e Click onnode3.



¢ Click OK in the pick menu.(We clickedon OK insteadof Apply sincethisis thelastelemento be createdand
OK acceptgheinputandthengetsrid of themenu.)

You cannow getrid of the Elements andCreate sticky menus.
To take alook atthelist of elementsin the Utility Menu,click on
List — Elements— Nodes+ Attributes

| 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 tablesaysthatElementl is of materialtype 1 andelementtype 1 andis attachedo nodesl and3 andsoon. In
thiselementist, the orderof thetwo nodesfor eachelementoesnt matter For example,element3 canbeattachedo
nodes2 and3 or equivalently, nodes3 and2. If oneor moreelementsioesnt look right, you candeleteit andre-create
thatelement.To deletean element,in the Preprocessor menu,click on Delete — Elements. This bringsup the pick
menu.Click onthe elementyouwantto deletein the Graphicswvindow andclick OK. This deletegheelement.

Closethewindow listing the elementsOnceyou have successfullycreatedheelementsglick on SAVE_DB in the
toolbarto save thedatabase.

SpecifyBoundary Conditions
Apply DisplacementConstraints

Next, we stepup to the plateto definethe boundaryconditions,namely thedisplacementonstraintsandloads.Note
thatin ANSYS terminology the displacementonstraintsarealso“loads”. Fromfigure 1, the pin at A is constrained
in x andy directions;or equivalently, nodel is constrainedsuchthatits UX andUY displacementarezero. Similarly,
node3 is constrainedsuchthatits UX displacemenis zero.

To definethedisplacementonstraintsin the Preprocessor menu,click on

Loads — -Loads- Apply — Displacement — On Nodes
This bringsup the Apply U,ROT on Nodes pick menu.Click onnodel in the Graphicswindow; thiswill draw asmall
squarearoundnodel to indicatethatit’s beenpicked. Click Apply in the pick menu. Selectboth UX andUY from
itemsin DOFs to be constrained list. Sincethe Displacement value is zeroby default, leave thatfield empty Click
on Apply. Youwill seetrianglesymbolsappeaiin the Graphicswindow indicatingthatboth UX andUY DOFsare
constrainedgtnodel.

Next, click on node3 in the Graphicswindow andclick on OK in the pick menu. Selectonly UX from itemsin
DOFs to be constrained menu.Click OK. Youwill seeatrianglesymbolappeaiindicatingthatonly the UX DOFis
constrainedtnode3. Closethe Displacement andApply sticky menus.

List the displacementonstraintn the modelby clicking on

List - Loads — DOF constraints — On All Nodes
in the Utility Menu. This bringsup awindow with the constraininformation:

NODE LABEL REAL I MAG
1 WX 0. 00000000 0. 00000000
1 Uy 0. 00000000 0. 00000000
3 WX 0. 00000000 0. 00000000

Closethiswindow. Click on SAVE_DB in thetoolbarto save thedatabase.

Apply Loading

We have only oneloadto applyonthestructure namely the 2800N forcein the negative y-directionatnode2. In the
Loads sticky menu,click on

-Loads- Apply — Force/Moment — Nodes
This bringsup the pick menu.Click on node2 in the Graphicswindow; thenclick OK in thepick menu.In the Apply



F/M on Nodes dialog box that appearsselectFY for Direction of force/mom. Enter-2800for Force/moment value.
Click OK. The negative signfor theforceindicategthatit is in the negative y-direction. You'll seea vectorindicating
theappliedforcein the Graphicswindow.

Click on SAVE_DB in thetoolbarto save the databaseClosethe Force/Moment, Apply, Loads andPreprocessor
menus.

Solution

Enterthe solutionmodulein ANSYS by clicking on Solution in the Main Menu. Under Solve, click on Current LS.
This solvesthe currentload step(LS) i.e. the currentloadingconditions.In our problem,thereis only oneloadstep;
ANSYS allows for multiple load stepsthat canbe solved sequentiallywithout leaving the Solution module. Review
theinformationin the /STAT Command window which is a summaryof the problemthat ANSYS is aboutto solve.
Closethis window. Click OK in Solve Current Load Sep dialog box. ANSY'S performsthe solutionanda yellow
window shouldpopup sayingSolution isdonel. Congratulations¥ou justobtainedyourfirst ANSY S solution. Close
theyellow window.

Click on SAVE_DB in thetoolbarto save the databaseln preparatiorfor the post-processingtepto beundertalen
next, exit the solutionmoduleby closingthe Solution sticky menu.

Postprocessing

To analyzethe solutionobtained,enterthe General Postprocessing moduleby clicking on General Postproc in the
Main Menu. To list theforcesin themembersglick on List Results — Element Solution. SelectNodal force data from
list onleft. SelectAll forces FORC from list onright. Click OK. This bringsup a window listing the forcesthatthe
elementsapplyon eachof their nodes:

PRI NT FORC ELEMENT SCLUTI ON PER ELEMENT
*xx** POST1 ELEMENT NODE TOTAL FORCE LI STI NG *****

LOAD STEP= 1 SUBSTEP= 1
TI ME= 1. 0000 LOAD CASE= 0

THE FOLLON NG X, Y, Z FORCES ARE | N GLOBAL COORDI NATES

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 z-directionand 800 N in the negative
y-directionon nodel (or pin A). This meansthatthetotal forcein AB is v/15002 + 8002 = 1700 N. Theresultant
actsfrom A to B i.e. themembeiis pulling on pin A. Soit mustbein tension.Similarly, theforcein Elementl (AC)
is 2000N (tension)andin Element3 (BC) is 2500N (compression).

To list thereactionforcesat thenodesclick on List Results — Reaction Solu . SelectAll struc forc F for Itemto
be listed andclick OK. This bringsup awindow with thereactionforcesatthe nodes:

PRI NT REACTI ON SOLUTI ONS PER NODE



***xx* POST1 TOTAL REACTI ON SCOLUTI ON LI STI NG *****

LOAD STEP= 1 SUBSTEP= 1
TI ME= 1. 0000 LOAD CASE= O

THE FOLLON NG X, Y, Z SOLUTI ONS ARE | N GLOBAL COORDI NATES

NODE FX FY
1 -1500.0 2800.0
3 1500.0

TOTAL VALUES
VALUE 0. 0000 2800.0

The sumof thereactionforcesbalanceshe appliedload asshouldbethe casefor staticequilibrium.

To take alook atthedeformedshapeof thestructurejn the Main Menu,click on General Postproc — Plot Results
— Deformed Shape. SelectDef + undef edge andclick on OK. This plotsthe deformedandundeformedshapesn the
Graphicswindow. Notethatthe deformationis magnifiedin the plot soasto be easilyvisible.

To exit ANSYS, in the Utility Menu,click on File — Exit. SelectSave Everything andclick OK. You canlog out
from your accountby typing Ctrl+Alt+ Delete.

This is just a quick introductionto ANSY S to give you a flavor of whata full-fledgedengineeringpackagdooks
like. If it felt unfriendly or cumbersomeyou arenot alone;l wentthroughthis myself (otherwise congratulations!
you areagenius).lt takessomegettingusedto. Believeit or not, it getsalot easietto usewith time. You have alot of
yearsaheadof you to gainthe experiencenecessaryo harnesghe power of finite-elementanalysis.All the ANSYS
featuresncludingtheunderlyingtheoryaredocumentednlineandcanbeaccesseérom the Hel p buttonin the Utility
Menu. That's the bestway to learnmoreaboutthe program.Therearetutorialsavailablein the documentationvhich
is a good placeto start. In the latestversion,ANSYS 5.7, the documentationis HTML-basedand so is similar to
navigatingweb pagesWe will havethe5.7 versioninstalledat ACCEL in thefall.

Problem Set1

Resumehe ANSYS tutorial and make modificationsto it asdiscussedelon. To resumethe ANSYS tutorial, start
ANSYS; specify the samedirectoryasin the tutorial but usea differentjobname. Once ANSYS comesup, in the
Utility Menu,click on File — Resume from. Chooseruss.db andclick OK.

Considetthe casewherethe displacementonstraintsat A andC areinterchangedl.e.

e atA, only UX is setto zero,
e atC, bothUX andUY aresetto zero.
Beforeyou solve the problemin ANSY'S, think aboutthe following:
1. How would you expectthereactionforcesatthe supportsA andC to change?
2. Whatcanyou sayabouthow thex-componenbf theforcesin thetrussmemberswill change?

Re-sole the trussproblemwith the modifiedconstraintsYou candeleteconstraintausing
Preprocessor — Loads — -Loads-Delete
It workssimilarto how you applyloads.
Tip: Youcanplot thedisplacementonstraintsn the Graphicswindow asfollows: in the Utility Menu,click on
Pltctrls — Symbols
SelectAll Applied BCs for Boundary condition symbol. Click on OK. You might have to usePlot — Replot or Plot —
Multi-Plots in the Utility Menufor the constraintsymbolsto appeaiin your plot.
Submitthefollowing resultsfrom your ANSYS solution:



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 elemenforces.Fromthis, determingheforcein eachmemberandwhetherthe membeiis in tension
or compression.

Problem Set2
Determinethe force in eachmemberof the following trussusing ANSYS. Indicateif the memberis in tensionor

compressionUsethesamelINK1 elementasin thetutorial. The cross-sectionaireaof eachmembeiis 0.02m? and
the Young's modulusis 200 x 10° N/m2. Verify your resultsby calculatingthe forcesmanually

F=1008N

4 m 1.25m

Submitthefollowing:

1. Listing of thereactiondrom the ANSY S solution. Indicatewhich nodecorrespond$o which point(i.e. A,B or
C) in thefigure.

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

3. Your calculationdeterminingthe force in eachmemberandwhetherthe memberis in tensionor compression
from the ANSYSresult.

4. Your pencil-and-papetalculationsverifying the ANSY S resultsfor the memberandreactionforces.



