ANALYSIS OF A PLATE WITH STRESS CONCENTRATIONS

Instructor: Professor James Sherwood
Author. Dimitri Soteropoulos
Programs Utilized: Baqus/CAE @.1-2

Problem Description:

This tutorial illustrates the effects of various stress concentrations on a plate. Three different stress
concentrations are incorporated into the geometry of and aluminum plate: a hole, fillets, and a crack.
The mesh of the plate is designed and refinedit the conditions of the geometry.

Creating the Model Geometry

1 Go to theStart Menuand openAbaqus/CAE
1 You may be prompted with afibaqus/CAE @.1-2 Start Sessiordialogbox (Figure 1) Close this
box by clicking th&in the top right hand corner.

Create Model Database
403 With Standard/Explicit Model

B3 With CFD Model
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T Start Tutorial
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Figure 1 Abaqus/CAE 61-2 Start Session DialogpB
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9 Once theStart Sessiomox is exited, the Baqus/ICABViewport should looksimilar toFigure 2.

(Please note thenodel treeis the series of functions listed on the left hand side of the viewport,

while themoduleis the list of icons to the right of the model tree)
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Figure 2 Abaqus/CAK/iewport

1 To create the model geometof the aluminum plate a sketch of thdace of the part must be
generated.

1 Using the left mouse button, doubldiek Partsin the model treeand theCreate Par{Figure3a)
dialog box appeargEntera newname for the partPLATE and under the Base Feature tab
chooseShellfor shapeandPlanarfor type. Change the approximate size option20. The
Create Partialog box should look identical to Figure 3b.

1 ClickContinueX 'y R GKS 3INI LKAO& ¢gAYyR2¢ ogAff OKIy3S
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Figure 2. Create Part Dialog Box Figure 3bCreate Part Dialog BoRI(ATE

1 For e first step ingeneratng the modelgeometry an outline of the plate must be created
Click theCreatelsolated Pointicon in the module (Remember, the modalis the series of
icons to the right of the model tree)

9 At the bottom of the viewporthe Pick a point; or enter X,Ypption will appear. Points will be
entered using X,Y coordinates. Enter the X,Y coordinates of the points listed in Table 1. After
eachentry hit enter on the keyboard and the paiwill appear in the viewport. (Enter the points
in the x,y format)

Table 1.Points for Geometry

Point | X Coordinate| Y Coordinate
1 2.5 0.75
2 -2.0 0.75
3 -1.5 0.75
4 -0.75 0.75
5 0.75 0.75
6 1.25 0.75
7 15 0.75
8 1.5 0.5
9 2.5 0.5
10 2.5 -0.5
11 1.5 -0.5
12 1.5 -0.75
13 1.25 -0.75
14 0.75 -0.75
15 -0.75 -0.75
16 -1.5 -0.75
17 -2.0 -0.75
18 -2.5 -0.75
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19 0 0
20 -0.25 0
21 0.25 0

1 If all of the points have been entered correctly, the viewport should look similar to Figure 4. To
auto scale the points to fit the screen f6on the computer keyboard.
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Figure 4 Geometry Points

9 Click theCreate Lines: Connectédon in the moduleclick and create lines between points
1&2,2&3,3&4,4&5, 5& 6. After the fifth line has been created click the center scroll wheel
on the mousdo exitthe creation of this segment of lines.

1 Create lines between points3& 14, 14& 15, 15& 16, 16& 17, 17& 18. After the fifth line has
been created click the center scroll wheel on the mouse to exit the creation of this segment of
lines.

1 Next, create lines between poin&& 9, 9& 10, 10& 11. After the third line has been created
click the center scroll wheel on the mouse to exit the creation of this segment of lines.

1 Finally, create a line between poirt 18. PressEscon the computer keyboard to exit the
Create Lines: Connecteddol. At this point of the sketch the geometry should look similar to
that in Figure 5.
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Figure 5Geometry Lines

1 The final step in drawing the plate geometry is to create a hole and two filéitk theCreate

Circle: Center and Perimet icon in the module. bing the cursor click poirit9, this will
denote the center point for the circle. Next click pokt, this will select a perimeter point for
the circle.PressEsoon the computer keyboard to exit théreate Circle: Center and Perimeter
tool.

1 Finally, clik the Create Arc: Center and Two Endpoiicon in the moduleFor a center
point the first filet click poin¥. Next click poin8to denote a start point for the arc. Finally click
point 6 for an endpoint for the arc. Repeat the same steps to create the second filet for points
12 (center),13 (start), 11 (end).PressEsoon the computer keyboard to exit th@reate Arc:
Center and Two Endpoint®ol.

1 The completed geometry should look sianito that in Figure 6.
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Figure 6. Geometry Complete

1 The geometry of the plate is now complete. Cimneat the bottom of the viewport to exit the
sketching viewportUpon exiting the sketching viewport, the part should turn a solid grey color
(Figure?).
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Figure 7 Platewith Hole (Part Module)
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Defining Material Properties

1 To define material properties for this modeiubleclickon Materialsin the model tree and the
Edit Materialdialog box will appear (FiguBa). Enter aNamefor the material ALUMINUM,
and click theMechanicaltab, highlightElasticityand clickElastic. Enter values of 2 dzy' 3 Q a
Modulus=10EG Psjandt 2 A & & 2 y=M3.Afterlthé material properties have been
entered, theEdit Materialdialog box showl look identical to Figur8b.

1 ClickOK
25 Edit Material @ 5 Edit Material &J
MName: Name: | ALUMINUM
Description: » Description: ?
U U
[ ok | [ cancel | ok | [ Cancel |
Figure8a. Edit Material Dialog Box Figure8b. Edit Material Dialog BoALUMINUM

1 Please note there is no drdpwn menu or feature in Baqusthat sets specifianits. All of the
dimensions haebeen inputininche§ G KSNBF2NBE GKS NBaLISOGAGS
be entered inPsi (Pounds per square ingh The units chosen for the definition of the material
properties should be consisit and dictate what units should be used for the dimensions of the
structure.

9 At this pointin preprocessinghe model should be saved. Cligkethen clickSave Name the
file Plate With Hole Tutorial The file will save as a Model Database (*.caid¢) it may be of
interest to save the file after each section of this tutorial.

Creating Sections

1 To create &hellsection in Adaqus doubleclickSectionsn the model tree and th€reate
Sectiondialog box will appear (FiguBa). Enter &amefor the section SHELL.and choose
Shellunder the Categoryfab, andHomogeneousinder the Type tab. Yo@reate Section
dialog box should look identical to that in Fig@te

i ClickContinueX
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Figure9a. Create Section Dialog Box

Figure9db. Create Section Dialog B(&HELL

1 ThekEdit Sectiordialog box will then appear wherevalue for the respectiv8hell thicknesgan
be prescribedfor this section.Becausenly one material has been creatdtie Material is
defaulted toALUMINUM If multiple mateials had been created, the drdpwn menu could be

used toprescribea different material to this section.

1 Under the basic tabrger 0.25 for the Shell thicknessChange theThickness integration ruleto
GaussWhen this is done the number ®hickness integration pointsvill default to3. TheEdit
Section dialog box should look identical to that in Figlu@

1 ClickOK
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FigurelO. Edit Section Dialog BoSKIEL)
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Assigning Sections

1 Now thatthe shellsection haseen createdit can be assigned tihe geometry. In the model
tree, click the+ to the left of the Parts icon, this will further expand the model @eptions.
Next, click therto the left of the part calledLATEfurther expanding the model tree (Figure
11).
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Figurell. Model Tree ExpansiqfParts)

1 Afterthe model tree has been expandeathubleclickSection AssignmentdJsing the cursor,
draw a box around the whole partf the section haseen chosen correctlihe part willchange
colorfrom grey to red(Figure 2).
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Figure 2. Selectedseometry
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1 ThekEdit Section Assignmenttialog box will appeatEnsure thaSHELIs selected under the
Sectionoption. Unde the Shell offsetoption make sure the drop down definition is set to

Middle surface TheEdit SectiomAssignmentdialog box should look identical to that in Figure
13.

Figure B. Edit Section AssignmerSiHELL

1 ClickOK Thegeometry should nowurn to agreencolor.

Creating an Instance

9 Before the part will be meshed, it can be brought into the assembly. To do this task, click the

to the left of Assemblyin the model tree. The model tree will expand and should look identical
to Figure 4.

Figure B. Model Tree Expansion (Assembly)

1 Double click on thénstancesicon in the expanded model tree. This feature will allow multiple
parts to be brought into the assembly. TGeeate Instancelialog box will appear (Figuré&)
Under thelnstance Tpe Option make sure to clidkdependent (mesh on instance)
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