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1 Problem Description
Reference "A rst Coursein the Finite Element Method' by Daryl L. Logan, 3rd Edition, p. 208.

The bar elemen 2is usedto sti en the cartileverbeam1, asshowvn in Fig. 1(a). All menbersare
made of steel (Young's modulus E = 210GPa). The bar hasa cross-sectionalareaof A= 1 10 3
m2. The cross-sectionakrea, principal momert of inertia and length for the beamare A = 2 10 2

m?, 1, =5 10 ®m* and L = 3 m, respectively. Determine the nodal displacemeits, elemert
forcesand stressin ead elemen.
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Figure 1: A stiened beam

2 Listing Stress Results in ANSYS

To inquire the axial stressin a bar elemen, use’LS, 1'

For a two-node beam elemen, 'NMISC, 1' and 'NMISC, 3' are assaiated with the maximum
bending stressesat the starting node (1) and ending node (J), respectively; and 'NMISC, 2'
and 'NMISC, 4' the minimum bending stressesat nodes| and J, respectively (seeFig. 2)

NMISC, 1 NMISC, 3
+ +
| ® H ®J

Figure 2: Variables NMISC for a beam elemernt



3 Data Preparation

Units to be used: Length (m), Force (N)

Beam's height: To determine the stressdistribution in the beam, it is necessaryto know the
height of the beam. Assumethat the beam has a rectangular crosssection of width W and
height H asshown in Fig. 1(b). From

WH?3
A=WH andl, =
andlz= =5
it is found that s s
121, (125 105
H = e > 103 = 0:548m

4 Prepro cessing

1. Givethe Job a Name
utilit y Men u > File > Change Jobname

The following window comesup. Enter a name, e.g. "StiffenedBeam ', and click onOK .

mchange Jobname = il
[/FILNAM] Enter new jobname | StiffenedBeam|
Mew log and error files? [~ No

oK I Canicel | Help |

2. De ne Element Types

(a) Bar/T russ Elemen
Main Men u > Prepro cessor > Element Type> Add/Edit/Delete

This brings up the "Elemernt Types'window. Click on the Add... button.

Element Types #

Defined Element Tvpes:
IOMNE DEFINED

Add... | Optiofs | Dejete |

Close Help




The "Library of Element Types'window appears. Highlight "Link * and 2D spar 1'
as shown. Click on Apply .

m Library of Hement Types il
Library of Element Types Structural Mass

30 finit stn 180

Beam spar g
Fips bilinear 10
Rigid actuator 11
Solid
Shell

Hyperelastic

it | 20 spar 1

Element type reference number | 1
QK | Apply | Cancel | Help |

You should see ' Type 1 LINK1' in the "Elemert Types'window as follows:

£

Defined Element Types:
ype 1 LINE1

(b) Beam Elemen
Highlight "Bearhand 2D elastic  3' asshown. Click OK .

m Library of Element Types 1 EZ

Library of Element Types Structural Mass

Link plastc 23
tapered 54
Fipe 30 finite strain
Rigid Znode 138
Solid 3node 139 %
Shell
Hyperelastic

. |2De|ash-: !

Element type reference number

I
o« | sody | cancel | vep |
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The "Elemert Types'window appearsas shovn. Click on the Close button.

Element Types |
Defined Element Types!
Type 1 LIMNK1
ype 2 BEAM3
Addl Options... | Delete |
Close Help

3. De ne Real Constants

(a) Bar/T russ Elemen
Main Men u > Prepro cessor > Real Constan ts > Add/Edit/Delete

This brings up the "Real Constants' window. Click on the Add... button.

Real Constants =

Defined Real Constant Sets

MOME DEFINED

Add,.. | Edit... | Delete |

Close | Heip |

The "Elemert Type for Real Constants’ window appears. Highlight Type 1 LINKI
as showvn and click on OK .




In the "Real Constant Set Number 1, for LINK1' window that opens, erter "1E-3'
for the "AREA eld as shown,

Click on OK . You should seethe "Real Constants' window as follows:

(b) Beam Elemert

In the "Real Constants' window, click on Add



This brings up the "Elemert Type for Real Constants' window as shawvn. Highlight
"Type 2 BEAM3and click OK .

In the "Real Constants for BEAM3' window that appears, ernter "2E-3', '5E-5' and
'0.548' for 'AREA "1ZZ' and "HEIGHT respectively. Click on OK .

Click on the Close button in the "Real Constants' window.

4. De ne Material Properties
Main Men u > Prepro cessor > Material Props > Material Mo dels

In the right side of the "De ne Material Model Behavior' window that opens, double
click on “Structural ', then "Linear ', then "Elastic ', then nally ‘lsotropic '



The following window comesup. Enter in value for the Young's modulus of 210 10°
Pa (EX = 210E9, then click OK .

Click on OK in the “Note' window that appears. Then closethe "De ne Material Model
Behavior' window.

5. De ne Nodes
We are going to create 3 nodesgiven in the following table:

[Node# [X [V |
1 00
2 310
3 3|3

Main Men u > Prepro cessor > Mo deling > Create > Nodes> In Activ e CS

To create node #1, ernter the following data in the "Create Nodesin Activ e Coordinate
System' window that comesup. Click on Apply .
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Repeat the above step for nodes#2 and #3. Note that you must click on OK instead
of Apply after entering data for the nal node.

6. De ne Elemerns

(a) De ne Bar Elemert
Main Men u > Prepro cessor > Mo deling > Create > Elemen ts > Elem Attributes

This brings up the "Elemen Attributes' window. Click on OK .

(b) Create Bar Elemert
Main Men u > Prepro cessor > Mo deling > Create > Elemen ts > Auto Num bered >
Thru Nodes

The “Elemert from Nodes' window opensas shawn,



Selectnode 1, then node 3.

Click on OK in the "Elemert from Nodes' window. Your graphics window should
look like this,

(c) De ne Beam Elemert
Main Men u > Prepro cessor > Mo deling > Create > Elemen ts > Elem A ttributes

In the "Elemert Attributes' window that opens,select’2 BEAM3or "Element type numbet,
and 2' for 'Real constant set numbet as shown,



Click on OK .

(d) Create Beam Elemen
Main Men u > Prepro cessor > Mo deling > Create > Elemen ts > Auto Num bered >
Thru Nodes
Selectnode 1, then node 2.
Click on OK . Your graphics window should look like this,

7. Mesh the Model
No needbecausewe have de ned the model using nodesand elemeris.

8. Apply Boundary Conditions
Main Men u> Prepro cessor> Loads > De ne Loads > Apply > Structural > Displacemen t >
On Nodes
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Pick nodes2 and 3, then click OK in the picking window.

In the following window that comesup, select’'All DOFfor 'DOFsto be constrained ',
‘Constant value' for "Apply as' and enter "0' for "Displacement value', then click
oK.

9. Apply Loads
Main Men u > Prepro cessor> Loads > De ne Loads > Apply > Structural > Force/Momen t >

On Nodes

Pick node 1, then click OK in the picking window.

In the following window that opens,select’FY for "Direction of force/mom’,
‘Constant value' for "Apply as' and enter -5E5' for ‘'Force/moment value ', (a force
of 500,000N in the negative direction of the Y axis), then click on OK .

5 Pro cessing (Solving)

Main Men u > Solution > Analysis Type> New Analysis
Make sure that "Static' is selected. Click OK .

Main Men u > Solution > Solve> Curren t LS
Ched your solution options listed in the /STATUS Command' window.
Click the OK button in the "Solwe Current Load Step' window.

You should seethe message Solution is done!" in the "Note' window that comesup. Close
the "Note' and /STATUS Command' windows.
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6 Postpro cessing

1. Plot the deformedshape
Main Men u > General Postpro c> Plot Results > Deformed shape

This brings up the "Plot Deformed Shape' window. Select Def+undeformed as shown,

Click on OK . Your ANSYS Graphics windows should look like this,

2. List Nodal Displacemen Results
Main Men u > General Postpro c> List Results > No dal Solution

In the "List Nodal Solution' window that appears, select ' DOFSolution ' and
"All DOFs DOFas shown,
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Clicking on OK will bring up the following "PRESOL Command' window. This window
shaws that the displacemerns in the X and Y directions, and rotation about the Z axis
at node 1are0:33837 10 ?2m, 0:22525 10 ! mand0:11262 10 ! rad, respectively.

Closethe "PRESOL Command' window.

3. List Nodal Force Results
Main Men u > General Postpro c> List Results > Element Solution

In the "List Element Solution' window that opens, select’'Nodal force data' and
"All forces FORCas shown,
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Click on OK to obtain the following results:

Closethe above window.

4. List StressResults
Main Men u > General Postpro c> Element Table > De ne Table

Click on Add ... in the "Elemert Table Data' window. In the "De ne Additional Elemert
Table Items' window that comesup, enter sequencenumber LS, 1' as follows:

Click on Apply , then enter sequencenumber 'NMISC, 1' as shawn,
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Repeatthe previousstepfor the sequencewumbers ' NMISC, 2', 'NMISC, 3' and 'NMISC, 4'.

Click on OK in the 'De ne Additional Elemert Table Items' window. Your "Elemert
Table Data' window should look lik e this,

Click on Close in the "Elemert Table Data'.
Main Men u > General Postpro c> Element Table > List Elem Table

In the "List Elemert Table Data' window that appears,selectthe rst 5 items asshown,

Click on OK . This opensthe following "'PRETAB Command' window:
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According to this ANSYS solution, the stressdistribution in the bar and beam elemerts
can be plotted as shown in Fig. 3.

669.94 MPa o 195.17 MPx

236.86 MPa 668.89 MPa

Figure 3: Stressdistribution in the system

Closethe 'PRETAB Command' window.

5. Exit ANSYS, Saving All Data
Utilit y Men u > File > Exit

In the window that opens, select’Save Everything ' and click on OK .
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