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Chapter 1

Ansys
Mechanical |

1-1 OVERVIEW
Ansys Workbench provides tools for the user to analyze the behavior of Electric, Fluid,
Magnetic, Mechanical, Thermal systems and problems where more than one physical
behavior is considered. In this chapter we consider

¢ Stress response of an elastic plate with a central hole.

# Stress response of an elastic plate using various FEM mesh densities.

¢ The use of convergence criteria for controlling solution accuracy.

1-2 INTRODUCTION

Evaluating the response of a mechanical part or system in Workbench involves accessing
the Geometry, assigning the Materials, applying the Loadings and Displacement
Boundary Conditions, Solving the system Equations, Reviewing/Reporting the Results,
and Updating the model if desired. An outline of this process is shown below.

1.  Create and Attach problem Geometry.

2.  Assign Materials.

3.  Establish Contact Conditions if applicable.

4. Preview the FEM Mesh and set up Mesh Controls if desired.

5. Apply Loadings and Displacement Boundary Conditions.

6. Select Results to be computed and displayed.
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7.  Solve the system of governing equations.

8.  Review the Results.

9. Set problem Parameters if desired.

10. Create Reports of the response as appropriate.

11. Update the CAD model if necessary.

To develop confidence in the process we start in Tutorial 1A by solving a simple
structural static mechanical response problem. In this problem we can check the
computed maximum stress result separately by a hand calculation.

1-3 TUTORIAL 1A - PLATE WITH CENTRAL CIRCULAR HOLE

In this tutorial we will use the Ansys Static Structural Analysis module to compute the
maximum deflection and stress in a thin elastic steel plate with a central hole. Its
dimensions are 1000 mm long, 400 mm high and 10 mm thick. The central circular hole

is 200 mm in diameter as shown in the figure below. The plate is loaded in the long
direction by a tensile force of 100 kN.

{\ A00.000

0200000

200,000

—

Figure 1-1 Thin plate (10 mm thick) with central hole; dimensions in mm.

First we need a solid model of the plate, and this can be created with DesignModeler,
Space Claim, or another solid modeling system. Since the central horizontal and
vertical axes of the plate are on planes of plate geometry symmetry as well as loading
symmetry, we need analyze only a quadrant of the part to obtain the stress distribution.
We use the full thickness for convenience.

Use your solid modeler to trim the model to a quadrant as shown next.
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Figure 1-2 Quadrant of plate.
We follow the process steps outlined above skipping those not needed in this tutorial.

In working through this and all the other tutorials keep in mind that your results may
vary slightly due to a slight difference in generated meshes.

1. START UP: > Start Ansys Workbench, begin a new Project.

- _-'5.|"|5'|,|':'- .1['.16 F'1

& Workbench 2026 R1

WE

Figure 1-3 Starting Ansys Workbench in Windows.

Double click @ Geometry under Toolbox > Component Systems to initiate the
geometry object in the Project Schematic, or just drag Geometry into the Project
Schematic workspace.

See next figure.
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Figure 1-4 Project Schematic details.
The question mark indicates that cell A-2 is incomplete.

2.  Select the small blue triangle for the additional information shown. Click
anywhere in the schematic to close the information box.

Select a folder in a convenient location on your storage device and use Save As ... to
name the project T1A. The project title, T1A, is displayed on the header as shown below
and the Workbench project file T1A.wbpj and folder T1A_files are created in the
selected workspace. Take a minute to find and verify this.

There are a number of ways to create and access geometry for your project. We discuss
several, A., B., C., D., and E. in what follows.

A. >> Create New Geometry in Design Modeler: Right click cell A2 to start New
Design Modeler Geometry. Design Modeler loads up. Select problem length units and
proceed to create geometry. Save your Design Modeler work when you are finished.
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E Hew DesignModeler Geometry...

E Mew SpaceClaim Geometry...
Import Geometry

3

£3  Duplicate
Transfer Data From MNew

Transfer Data To Mew
A Geometry - DesignModeler

J File Create Concept Tools | Units View Help
J A3 | 7] “ E}Llndc|7 Meter
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_______ 3 X¥Plane Large Model Support »
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- > W5 0 Parts, 0 Bodies
Model Tolerance »

Figure 1-5 Start new geometry in DesignModeler and set units.

B. >> Access Previously Created Geometry in Design Modeler: Double click cell A2

to start Design Modeler.

File > Load DesignModeler Database (See the next figure.)

A Geometry - DesignModeler

File Create Concept Tools Units View Help

Refresh Input
27 Start Over (Ctrl+ M)

ﬂ Load DesignModeler Database... (Cirl+ O}
E Save Project (Ctrl+ 5)

E Export...

=

@ Attach to Active CAD Geometry
@ Import External Geometry File...

Figure 1-6 Loading existing DM file.
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C. >> Access Geometry Previously Created and stored using another solid modeler:
(CATIA, Pro/ENGINEER, SolidWorks, etc.). Double click cell A2 to start Design
Modeler.

File > Import External Geometry File (Options include IGES and STEP formats)

(See the next figure.)
E A: Geomnetry - DesignModeler

File Create Concept Tools Units View Help

Refresh Input

7] Start Ower (Ctrl+ M)

L‘;'} Load DesignModeler Database... (Ctrl+ O]
E Save Project (Ctrl+ 5)

E Export...

-I .

[ @ Attach to Active CAD Geometry
@ Import External Geometry File...

Figure 1-7 Importing from an alternate format.

Locate and load a file previously created in an alternate solid modeler.

D. >> Access Geometry in Active CAD system: Double click cell A2 to start Design
Modeler. (You must first establish the link between Design Modeler and the CAD

system.)

File > Attach to Active CAD Geometry

File Create Concept Tools ‘iew Help

Refresh Input

7] Start Crver

ﬁ? Load DesignModeler Database. ..
E Save Project

E Export...
@ Atkach ko Active CAD Geometry

@ Import External Geometry File, ..

Figure 1-8 Attach to Active CAD Geometry.
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E. >> Import from alternate Solid Modeler. Right click on Geometry and select
Import Geometry.

A Geometry - DesignModeler
File Create Concept Tools Units View Help

@ Retresn e W AEEE - w5 QAR e |2
<] Start Over (Ctrl+ N)
(Dl s L o (S () Generate 49 Shore Topolog, [EJPerometers || BiExtrude gaRevolve QpSweep g SkinfLoft
[ save Project (Ctri+ 5) —
| & Export... U ( A: Geometry - DesignModeler
9) Attach to Active CAD Geometry File Create Concept Tools Units View Help
[ imeort External Geometry File QB[ @] Durte @Rt [[sdec[ B MBEB| - [H ]S QARQE QA QKR M@+ [0
4 Import Shaft Geometry... | AP AP AP AP A D
@, Write Script: Sketch(es) of Active Plane X¥Plane ~ 3| none - & H <} Generate WP Shar: Topclooy  [E| Parameters H RExtude @Revolve @oSweep  § Skin/Loft
Sk Run Script. W Thin/Sufoce QBlend = §.Chamfer WSlice || @-Point B> Conversion
& piint Tree Qutline ¥ Graphics
= £ 8 A eomey [
Auto-save Now S XVPlane -
2
Restore Auto-save File » w3 ZXPlane Open *
N ¥ YZPlane Look in HW4 - e & ek EE-
Recent Imports M@ 0Parts, 0 Bodies I N i
G Name Date modified Type Size
G Hwapart 10/7/2022 11:13 AM SOLIDWORKS Part... 50 KB
Quick access
€] Hw4part 10/7/2022 11:14 AM STEP File 238
Desktop
"
Libraries
This PC
Sketching _Modeling *
Details View Hoet
[=]| Details of Import1
Import Import!
Source G\E-Kent\Courses\MAE4344
Target Geometry Type ‘Workbench
Base Plane XiPiane —_—
Speraion RaaFroen Sheiding woseing ||
Refresh No Details View
=] Basic Geometry Options File name: = Open

J ¥YPlane hd ‘.‘*-| Mone - ﬁ@] |J Zj Generate
| W Thin/Surface @ Blend = 4 Charnfer 1 Slice |J # fain

E|_//@ A: Geomnetry

Figure 1-9 Import Geometry from Alternate Solid Modeler.

After importing a STEP file, for example, Click Generate.

Use the Static Structural Analysis System for stress, strain, and deformation analysis.

3.  Getting back to Tutorial 1A, with the geometry attached, Double Click Toolbox >
Analysis Systems > Static Structural to add the analysis to the Project
Schematic. (Or just drag it in from the Analysis Systems column to the

Schematic.)
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B T4 - Workbench
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2 Motion
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m Response Spectrum

% Rigid Dynamics
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Figure 1-10 Adding Static Structural Analysis from the Toolbox.

4. To share the geometry, Left click on Geometry in Geometry cell A2 and drag it to
Static Structural cell B3, Geometry.

- A -
1 1
2 . Geometry +" 2.@ Engineering Data "
Geometry 3 E Geometry v
4 @ Model =
3 ﬁ Setup T .
6 . Solution 7 4
7 @ Results =

Static Structural
Figure 1-11 Sharing geometry.

5. Double Click on Model in cell B4.
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In the lower left corner of the screen, you see "Starting Mechanical". Mechanical is a big
file and takes a while to load. The Workbench display now shows the Static Structural
Analysis and the tree structure on the left contains project items that include Project,
Model, and Static Structural. See the figure below.

[El hd Context E: Static Structural (ANSYS) - Mechanical [Ansys Mechanical Enterprise]
Home Solution Display Selection Automation Add-ons Learning and Support
Syt X Delete | |My Computer - g o~ EF &=namedselection [ Commands (@ images~ ‘_f’ E
+ mift —
=] Copy QFind v Distributed IIII w *# Coordinate System [JComment I:.Section Plane
Duplicate Solve Resource  Analysis Units Woark
. o Bipaste T Treer  Cores 2 _ Prediction V15 @, Remate Point | chart EJ Annotation

Outline Solve (] Insert

caa@e & % C-[+]aa@@@ sdet % Moder FT [

Outline ==

% Mame

) B: Static Structural (ANSYS)
- At
iCcet 7 Solution

:. Project* Time: 1.5
B Model (B4) 4/20/2026 12:15:18 PM

---‘/ Geometry Imports
T8 Geometry

- /18 Materials

-3k Coordinate Systems
----- 2[4 Static Structural (B5)
--‘/EH Analysis Settings

Figure 1-12 Plate quadrant in Static Structural Mechanical module.

Since the geometry was created using mm, the length units for the simulation should be
mm also. Check the units using the Units pull-down menu.

6. Home > Units > Metric (mm, kg, N, s, mV, mA) Default Material Structural Steel
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+ m ft |—~":
HC-:p';' QFmd + Distributed IIII w *# Coordinate System [ Comment E.Sed:\on Plane =
Duplicat Sol Resourc Analysi Units Worksheet K
u|J'|La - Bipaste T Tree  Cores 2 o've Plzd?cut:;i na'ysls @, Remote Point L chart EJ Annotation rl : orishee Anﬁﬁ;"‘:ﬁ
Cutline Solve ] Insert
Outline svscisssssssnsscssssssssnnnsssssssiy FOX |5 @ @ E"" &% o '@Q Q@ @ @ Select & Mode- ET BEE®
: Mame | Search Outline |« _
Mesh
i A¥
et ? - 4/20/2026 12:27:36 PM
M Project*

B (@ Model (B4)
,/ Geometry Imports
@ Geometry
E,/m Materials
i ey Structural Steel
w3k Coordinate Systems
/T Mesh
59 Static Structural (85)
-~ Analysis Settings
B-pfi Solution (B6)
: {5} Solution Information

Figure 1-13 Check Units and Material assignment.

Structural Steel is the automatic default material. To return to the Project Schematic,
Select T1A — Workbench from the programs running shown in the taskbar at the bottom

of the screen.

BB 114 - Workbench
File
sR8e

Q= | & /[H o

View Tools Units Extensions Jobs Help

] Import.... | +0 Reconnect Refresh Project +F Update Project | @@ ACT Start Page

| B Analysis Systems | [l
@ Coupled Field Harmonic

@ Coupled Field Modal il
@ Coupled Field Static 1 8
[@ Coupled Field Transient 2 B ceometry v
ﬁ Eigenvalue Buckling
&) Electric

B = static Structural (ANSYS)

\.2 @ Engineering Data
3 Geometry

Geometry

[ ExplictDynamic 4@ vodel
& Fluid Flow (cPx) 5 @& setwp
@ Fluid Flow (Fluentwith Fluent Meshing) ] @ Solution
3 Fluid Flow (Fluent) 7 | @ Resuts

3 Fluid Flow (Palyflow)
) Harmonic Acoustics

¥ HarmonicResponse
[ Hydrodynamic Diffradion
@ Hydrodynamic Response
[ Ls-DYNa

¥ LS-DYNARestart

(0] Magnetostatic

B Madal

Static Structural (ANSYS)

R IRIE IR NAN

Figure 1-14 Workbench elements shown in the Taskbar.

7.

Double click Engineering Data, cell B2 to view the Material Properties Data for

Structural Steel, the default material that has been assigned to this part.
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-
I8 7= Static Structural (ANSYS) /

p E Geometry " 2 | Engineering Data v .

Geometry \‘IS E Geometry v o4

4 @ Model v .

5 @ setup ?

& % Solution F .

7 @ Results ¥ i

Static Structural (ANSYS)

Figure 1-15 Project Schematic.

Be sure View > Properties and Outline are checked. Properties for the default material
Structural Steel are shown.
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Cutline of Schematic BZ: Engineering Data

Fatigue Data at zero mean stress

comes from 1998 ASME BPY

= W structural Stee E| O | R 9 code, section 5, Div 2, Table 5
-110.1

= Click here to add a new material

Properties of Outline Row 3: Structural Steel * 0 x
A B C D |E
Property Value Unit ]
. 7] Material Field Variables E Table

Density 7850 kgm~3 =[O |

4 IEsxopt:r:gEr?emnt Coeffident of Thermal A

s = Isotropic Elasticity [

12 Strain-Life Parameters [

20 E S-M Curve E Tabular [l
24 % Tensile Yield Strength 2.5E-+08 Pa = |E
25 7] Compressive Yield Strength 2,5E403 Pa =E B
76 Tensile Ultimate Strength 4.6E+08 Pa L (W
27 E Compressive Ultimate Strength v} Pa ;I [

Figure 1-16 Material properties for structural steel.

Note that structural steel has Tensile and Compressive Yield Strengths of 250 MPa., a
Tensile Ultimate Strength of 460 MPa and, apparently because it was not known when
the table was assembled, Zero has been assigned to the Compressive Ultimate
Strength. You can add the correct value as needed.

To return to the project

| Gl R
8.  Select Project (Bottom of screen) . &
----- 08 Geometry
The Mesh item in the project tree has a lightning =~ B {5 Materials

----- 3k Coordinate Systems
....... _// & Mesh
El-ofis Static Structural (BS)

bolt symbol next to it indicating that the finite
element mesh for this simulation has not yet been

created. Wor'kbench simulation will automatically -}l Analysis Settings
develop a finite element mesh for the problem. E--of5) Solution (B6)
- & 5 Solution Information

9. Right click Mesh and select Generate Mesh
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Mleshing Done...

Update the geometry if ' 0
out of date and generate The default mesh that is Created

Generate Mesh

the mesh if out of date. .
consists of several hundred three-

@ Press F1 for help. dimensional 8 or 20 node brick
elements as shown.

File Home
Scut X Delete My Computer - g o~ BBl =|named selection [ Commands @ images~ ‘_f't @ E D Tag:
HCopy QFmd + Distributed IIII w i Coordinate System L-JComment E.Sedlun Plane m °WIZ
Dupl\cate B paste EL'.“EE' Cores 2 Suvlve p'iiﬁ'.’#.'.‘,ﬁ Ana'wsls ﬂxREmote Point L_I_Ll_Charl B annotation UT‘S e Af\m'i:tl'\ @Shu
Outline Solhve F} Insert
Outline Ikl o Ble & % C[Flaa @@ @ sakMder TREREE B!
: Name w | Search Outline |«
Mesh
() A¥
ce I 4/20/2026 12:30:33 PM
[ project*

=] Model (B4)

3] Geometry Imports
B Geometry

A Materials

i e, Ry Structural Steel
: ik Coordinate Systems
@

Insert »
Update

Generate Mesh

Previl Generate Mesh

ehod Generate
£ Crea the mesh.

Expo| —M8m
Groy (D Press F1 for help.

Details of "Mes 1ox
El| Display
Display Style @ Clear Generated Data

Defaults
E au 1 Rename F2

——a
Physics Prefer

Element Orde Start Recording
Element Si [, Mesh Worksheet
Sizing

Figure 1-17 Meshing the geometry.

Details of "Mesh"

In Details of Mesh, Advanced we sce that the Straight

Sided Elements option is No, meaning that 20 node = gj's"lmg | Sac —
brick elements have been used. Isplay Style | S€ LEOmEt 2.
| Defaults
. . Physics Preference Mechanical
10. Select Static Structural (B5) from the Outline
. . Element Cirder Program Contro..
tree structure (next Figure). The Environment :
. . .. . Element 5Size Default
displays loadings and boundary condition options Siing
available for this analysis. Quality
. . . Inflation
Since only the upper half of the. plate is being analyzed, o Advanced
apply a Force of 50 kN to the right end surface. Number of CPUs for Par... Program Contro.,
. . Mo -
11. APPLY LOADINGS: Click Environment > Rigid Body Behavior Dimensionally R.
Loads > Force Triangle Surface Mesher |Program Contro.,
Topology Checking Yes
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Qutline * 1 0OX
- Environment

=
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H P = £ :
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- /T8 Geometry Analerm
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i "«'ﬁ Mesh /
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------- » B Analysis Settings @ Force
B ? Solution (B6) % @, Moment
] {5} Solution Information Lcufds &, Pressure

Figure 1-18 Structural loads menu.

Be sure that the Face selection filter is highlighted Dy , rotate as needed and click on the

area on the right end of the solid model.
Ol Q@@ @ Q Sdet kModer FTERRRE @ !

Rotate
Activate the Rotate feature. Free rotation s the default
4 behavior. This option also includes a drop-down menu to

specify ither free rotation for rotation about the current axis.

@ Press F1 for help.

12. Geometry > Apply (Note: It’s easy to forget this step.)

13. Define (the force) by (X Y Z) Components, X Component = 50000 N

a B Context B: Static Structural [ANSYS] - Mechanical [Ansys Mechanical Enterprise]

Home Environment Display Selection Automation Add-ons Learning and Support

EAB =namedselection £ Commands (8 images~ Q_ @ Force @ Fixed = @ . 1
O x % B @ 2 A & B

.w * Coordinate System G Comment E.Se:tmn Plane ® Q;Moment = Frictionless
D”"Eme Q 5"""9 A"a'm's @, Remote Point L Chart E= Annotation m'ma‘ L°fds G Pressure 5“”5""5 @ Displacement C°"d'm°"5 E;\:'Eeft ‘ngétfd W”,Eﬁ
Outline Solvery Insert Structural
Outline st i w I X Qa E‘, & (o .E‘a @ @ @ Q select & Mode~ E’: RRRED |
Name | Search Qutline |~
B: Static Structural (ANSYS)
e NEBA, s
[ Project* Time: 1. s
B & Model (84) 4/20/2026 12:38:25 PM

Geometry Imports
‘B Geometry [ Force: 50000 N

{8 Materials i
i /% Structural Steel Components: 50000,0.,0.

i Coordinate Systems

@ Mesh

[ Static Structural (B5)

b HH Analysis Settings

Force

Solution (B6)

L[5 Solution Information

n@

®

o

Details of "Force" *1Oox
[=l|Scope
Scoping Method | Geometry Selection
Geometry ‘1 Face ¥
= —
Type Force
Define by Components
Applied By Surface Effect
Coordinate System | Global Coordinate System X
50000 N (ramped) >
Y Component |0.M (ramped)
Z Component |0. N [ramped)
Suppressed Mo o

Figure 1-19 Tensile loading.
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Next apply the displacement constraints; rotate the plate so that you can see the bottom,
and small end. These are surfaces on planes of symmetry and no point on these surfaces
can move across the plane of symmetry. Symmetry requires that we constrain the
displacements perpendicular to these surfaces. We can use the Frictionless Support
condition to do that. We also restrain the back surface so as to prevent rigid body motion
in a direction perpendicular to the plane of the plate. See the figure below. (The back is
not a plane of symmetry, but the plate is thin with respect to its other dimensions.
Compete rigor would require that we create a solid model with half the thickness of the
full plate.)

t " Mo Frictionless
Insert a Frictionless Face support to prevent
e or more flat or curved faces from moving

o
or deforming in the normal direction.

@ Press F1 for help.

Figure 1-20 Displacement constraints.
14. Environment > Supports > Frictionless Support

15. Ctrl > Left Click to select the three surfaces > Apply

Details of "Frickionless Support”

[=l| Scope
Scoping Method | Geometry Selection
Geomnetry 3 Faces

[=]| Definition
Tvpe Frictionless Suppark

Suppressed i

Figure 1-21 Frictionless Support constraints.

Check your work by clicking on each of the items under Environment in the model tree to
be sure the loadings and constraints are applied as desired. Or click Static Structural to
see all of the constraints you have applied.

If you find something wrong, just highlight the item in the model tree and edit it in the
‘Details’ box to correct the error, or Right Click, delete the item from the outline tree and
apply the condition again.

(Note that the back face is not really a plane of symmetry. To be absolutely correct we
should have sliced down through the 10 mm thickness and analyzed an octant instead of a
quadrant. However, since the 10 mm dimension is so small in comparison with the other
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dimensions, there is very little error in the approach we used. Try it both ways to see. But
be sure not to select both front and back surfaces; this creates a problem with zero strain

in the z-direction.)

B: Static Structural {AMSYS)
Skatic Skructural
Time: 1, 5

. Frictionless Support
Bl Force: soono

Figure 1-22 Structural Static ‘Environment’ settings.
To complete the model building process, we need to specify what result quantity or
quantities we would like to have calculated and displayed. In this problem we are most

interested in the stress and deformation in the X Axis direction.

JSDIutinn ﬁd Deformation - ﬁESI:rain - m,jSI:ress - |

Qutline

Project
= @] Model (B4)

----- A Geometry

,/;é;. Coordinate Svskems

: ....... v‘% Mesh

----- _//E| Static structural (B5)

.//“\ analysis Settings
"ﬁ.: Force

ﬁg Frictionless SuppDrV

= /- Solution (BG)
“z| ¥ Salution Information

Figure 1-23 Solution result options menu.
16. Solution > Stress > Normal > Orientation > X Axis

Also select Deformation and insert the Directional Deformation in the X Axis.
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JSD|LItiDI‘| 8, Deformation = B Strain » BB Stress
Outline o

Project
= (g Model (B4}
----- ﬁ Geometry
,/,g\ Coordinate Systems
,/% Mesh
=-#{=] static Structural (B5)
i ',e:f:{ Analysis Setkings
w Farce
I n Frictionless Support
= Solution {B6)
;[II Solution Information
M Mormal Stress
_;m Directional Deformation

- ﬁg Skress - |

] ﬁ,j Equivalent {von-Mises)
ﬁ,j Maxirum Principal
W Middle Principal

ﬁg Plinirnurn Principal

ﬁg Pazirum Shear

ﬁﬁ Intensity Details of "Mormal Stress" 1

Scoping Method Geometry Seleckion
ﬁ,j Shear -
GEometry Al Bodies
ﬁg Yeckor Principal =l| Definition B
Type Mormal Stress q
B Error Orientation % fixis -

Figure 1-24 Select X-direction normal stress output.

Notice that Solution, Normal Stress, and Directional Displacement items have lightning

bolt indicators meaning that we need to highlight one or the other and select = = 3@%& o
complete the simulation solution.

17. Solve /5o

The solution progress is shown in the lower left corner of your screen.

Solving the mathematical model...

Figure 1-25 Solution status.

When the solution is found, click on the normal stress to view the computed stress
results.

18. Solution > Stress > Normal Stress (In the graphics window - Right click > View >
Front; Use the pull-down menu Edges to Show Elements)
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B: Static Structural (ANSYS)
MNormal Stress

Type: Normal Stress{X Axis)
Unit: MPa

Global Coordinate System
Time: 15

4/20/2026 12:49:45 PM

108.03 Max
95.609
83.192
70.775
58359
45.942
33.525
= 21.108
8.6914
-3.7254 Min

Figure 1-26 X direction normal stress; Averaged Display.

The solution for the X direction normal stress shows a maximum value of 108 MPa.
This value is well below the material yield stress of 250 MPa, so the elastic solution that
we have performed is valid. The averaged-at-node stress values for a mesh of just over
300 elements are shown above.

To check this result, find the theoretical stress concentration factor for this problem in a
text or reference book or from a web site. For the geometry of this example, we find K; =
2.17. We can compute the maximum stress using (K;)[(load)/(net cross-sectional area)].
Using the net section of the whole bar and total loading of 100 kN we obtain:

G e =2.17* F*/[(0.4—-0.2)%0.01] = 108.5MPa

The Ansys computed maximum value is 108.03 MPa which is much less than one per
cent error (assuming that the published value of K;is correct, that is).

If we list the solution information, we find that 319 = ___j["E"'t;‘;;:t‘i::;matim 319 SOLID186
SOLID186 elements were used in the model. A search S

of the Ansys Mechanical Help system shows these to

be 20 node brick elements.

The maximum deformation in the X direction is about 0.083 mm.
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B: Static Structural (ANSYS)
Directional Deformation

Type: Directional Deformation(X Axis)
Unit: mm

Global Coordinate System

Time: 15

4/20/2026 1:03:49 PM

0.083111 Max
0.073876
0.064642
0.055407
0.046173
0.036938
0.027704
0.018469
0.0092346

0 Min

Figure 1-27 X direction deformation.

Before we move on, let’s compute and display the stress error estimate for this problem.
Insert a stress error in the solution item in the project tree.

19. Solution > Stress > Error > Solve =+ 5l
Computed results are shown in the next figure.

B: Static Structural (ANSYS)
Structural Error

Type: Structural Error

Unit: mJ

Time: 15

4/20/2026 1:06:06 PM

0.004505 Max
0.0040044
0.0035039
0.0030033
0.0025028
0.0020022
0.0015077
0.0010011
0.00050056
6.961e-9 Min

Figure 1-28 Computed structural error estimates.

The error estimates shown above can be used to help identify regions of potentially high
error in the solution and thus show where the model might benefit from a more refined
mesh. These error estimates are used in Workbench automatic adaptive meshing and
convergence procedures we discuss later.

For now we note that the Structural Errors shown are only error estimates based upon the
difference between the computed smoothed (averaged) stress distribution for the object
and the stresses calculated by the finite element method for each element in the mesh
(unaveraged). The data are expressed in an energy format (energy is nonnegative) so that
the sign of the difference between the estimated stress and the computed stress does not
influence the results. The estimated error is displayed for each element.
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For accurate solutions, the difference between the smoothed stress and the element stress
is small or zero, thus small values of Structural Error are good. We know the above
solution is accurate because we compared our result with tabulated results. The small
error estimates shown above reflect this.

If you want the computed results in a different system of units, just change the units in
Mechanical after you’ve computed the results. In the current problem, for example:

Max stress Sx = 108 MPa = 15,668 psi m
Max deflection = 0.083 mm = 0.0033 inches s

|T 11,5, Customary (in, lbm, IBF, F, 5, ¥, A)

To increase the accuracy, you can generate a model with more elements. There are
many ways to control the mesh in Workbench. In what follows we use one of the sizing
options. Change the element size using Details of Mesh.

20. Mesh > Details of Mesh > Element Size > 10 mm > Solve (922 elements)

Outline * 1 Ox

Mame w | Search Qutline | »
(M project®
B Model (A4)
; «’ Geometry Imports
/B Geometry
- 1 Materials
-tk Coordinate Systems
-
B[4 Static Structural (A5)
! - +F] Analysis Settings
-/ Frictionless Support
E -8 Force
B {& Solution (A6)
s[5} Solution Information
- 88 Normal Stress
_ -8 Directional Deformation
e 8@ Structural Error

Details of "Mesh" covvismieeieeiiiiiiiiimsss - l.'.l. 0O x
[=l| Display
Display Style Use Geometry Setting
[=]| Defaults
Physics Preference Mechanical
Element Order Program Controlled L
Element Size 10.0 mm

Figure 1-29 Mesh settings.
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B: Static Structural (ANSYS)
Mormal Stress

Type: Mormal Stress(X Axis)
Unit: MPa

Global Coordinate System
Time: 1000 ms

4520/2026 4:03:02 PM

108.71 Max
96.22
B3.725
71.231
28,737
46,243
33,749

] 21.255
8.7607
-3.7335 Min

Figure 1-30 Stress based on a 10 mm mesh.

21.  Repeat this process using a 5 mm mesh (7302 elements).

Details of "Mesh" i - J.'.l. O x
[=]| Display
Display Style Use Geometry Setting
[=]| Defaults
Physics Preference Mechanical
Element Order Program Controlled
Element Size 5.0 mm

Figure 1-31 Mesh settings for 5 mm.
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B: Static Structural (ANSYS)
Maormal Stress

Type: Normal Stress(X Axis)
Unit: MPa

Global Coordinate System
Time: 1000 ms

472042026 40747 PM

108.95 Max
96.415
83.88
71.344
58.809
46.273
33.738
21.202
8.6668
-3.8687 Min

Figure 1-32 Stress based on the 5 mm fine mesh.

The original mesh gave very accurate results, so the subsequent refinements were not
necessary in this case.

22.  Let’s compute another solution for a mesh that is much coarser than the first
one. Set the Element Size = 50 mm and remesh, change the display option to
Unaveraged. We get the results shown below left.

Next use the mesh details to change from curved sided elements (quadratic) to straight
sided elements (linear). Those computed results are shown on the right side in the figure
below.

Details of "Normal Stress” * 1 oOx

[-l| Scope
Scoping Method Geometry Selection
Geometry All Bodies
21| Definition
Type Mormal Stress Details of "Mesh" =10
Orientation N Aois (]| Display
By Time Display Style |Use Geometry Se..,
Display Time Last [=l| Defaults
Separate Data by Entity | No Physics Preference Mechanical
Coordinate System Global Coordinate System
Calculate Time History | Yes Element Size 50,0 mm
|dentifier
Suppressed Mo
=l Integration Point Results
Display Option i -
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B: Static Structural (ANSYS)

Normal Stress

Type: Normal Stress(X Axis) (Unaveraged)
Unit: MPa

Global Coordinate System

Time: 1000 ms

4/21/2026 10:02:41 AM

B: Static Structural (ANSYS)

Normal Stress

Type: Normal Stress(X Axis) (Unaveraged)
Unit: MPa

Global Coordinate System

Time: 1000 ms

4/21/2026 10:51:06 AM

102.35 Max
90.381
78.411
66.442
54.472
42502
30.532
18.563
6.5928
-5.377 Min

91.416 Max
81394
71373
61.351
51.329
41.307
31.285
21.263
11.241
1.219 Min

Figure 1-33 Stress estimates based on a very coarse mesh, quadratic vs. linear elements.

These results are summarized in the table below. Note that with the finer meshes we
obtain a maximum stress of about 109 MPa. With the very coarse mesh we get about 102
MPa., around 6 per cent in error. With eight node elements (linear, no curved sides) it's
even worse; 91 MPa, an error of 17%! This shows how easy it is to get the wrong
answer. Experiment with the mesh. Always explore the solution space for your problem.

Table 1A.1 - Results Summary, Curved Sided Elements

Number of Maximum Deformation | Maximum Stress
Elements in X direction mm in X direction MPa
36 0.0831 102.4
319 0.0831 108.3
922 0.0831 108.7
7302 0.0831 109.0

It is important to note the approximate nature of the Finite Element Method and the
convergence of the stress results with mesh refinement as illustrated in the above table.
Note that with a coarse mesh you can get results that are in error, but you don't know it.
Don’t accept results from an initial mesh without question. (Set the element size to 75
mm, and see what you get.)

Also note that the tabulated displacement results show no change to three significant
figures indicating that the displacements converge more rapidly than the stresses. This is
usually the case. The strains (hence stresses) are the spatial derivatives of the
displacement distributions within the object, ie., & =0u/0x, where u is the

displacement in the x-direction. And the stresses are proportional to strains (Hooke's
law).

Note in the coarse mesh figure above that the calculated maximum stress is only 91 MPa,
and the stress contours are discontinuous at many element boundaries. We should not
have a discontinuous stress distribution in a uniform solid. What’s up?
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P

Figure 1-34 20 node and 8 node solid elements.

Most of the previous results were calculated using the default brick elements with
midside nodes, giving 20 nodes per element. These last results were found using bricks
with nodes only at the corners, 8-node elements. Higher order elements (those with
midside nodes) give better results because of the better representation of curved geometry
and of the displacements, strains and stresses within the element. That’s what we see
here. Note also that if you plot the averaged stress display for the 50 mm coarse mesh
you get a misleadingly smooth display, but the results are still in error by over 10 per
cent. The smoothness is forced in the software by averaging the results of all elements
joining a node before plotting. So beware of always using averaged stress results!

At the completion of the solution, the project schematic shows all items checked off in
the Static Structural matrix as shown below.

I8 = Static Structural (ANSYS)

8 Geometry
2 E Geometry " 4 2 @ Engineering Data
Geometry \3 E Geometry
4 @ Model
5 @ setup

6 Solution
7 @ Results

Static Structural (ANSYS)

LA SRS A
[

Figure 1-35 Project Schematic after solution.
25. Save your work and close the T1IA Workbench Project.
The files associated with this project are shown in figure below. T1A.wbpj is the

Workbench project file, and the T1A_files directory contains the supporting files as
shown.
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W T14 files
W dpl
v global
v MECH
5Y5
v 5¥5
DM
ENGD
MECH
v dpall
» globa
session_files

user_files

Figure 1-36 Files stored after Workbench Project T1A has been closed.
Take a minute to verify the file structure and note that a good deal of storage is required
for the initial mesh model. More space may be required if intermediate files are created
during solution.

1-4 TUTORIAL 1B - PLATE WITH CENTRAL SQUARE HOLE

Suppose we take the plate of Tutorial 1A and replace the circular hole with a 200 mm
square hole. The upper right quadrant of the model is shown below.

1.  Open a new Workbench Project; create the model shown below and save as

T1B.
REDD.DDD

100,000

8

200,000

Figure 1-37 Plate with square hole; dimensions in mm.
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2. Start a new Static Structural Analysis using the quadrant of a plate with a square
central cut out. Share Geometry and Double Click Model to start Mechanical.

7=  Static Structural

@ Engineering Data
E Geometry

ﬂ Model

:ﬁ Setup

. Solution

- @ Results

Static Structural

Geometry

b - R R U T S . |
S IER SRR
[ 9

Figure 1-38 Project schematic.

3.  Mesh > Generate Mesh The next figure shows the default mesh for this problem.

Figure 1-39 Default mesh for the plate with square hole.

This default mesh consists of 136 brick elements as shown above. Default material is
steel.

4.  Apply the displacement boundary conditions and loading as in Tutorial T1A.

Include the X direction normal stress in the computed quantities. (Your results may
vary slightly depending on software version.)

5. Solution > Stress > Normal > Details of “Normal Stress” > Orientation >
X Axis
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6. Solve =/} Solve and view the normal stress solution. Also click the Max icon.

B: Static Structural
Normal Stress

Type: Normal Stress(X Axis)
Unit: MPa

Global Coordinate System
Time: 1000 ms

4/22/2026 11:31:29 AM

72.657 Max
63.447
54,237
45,027
35.817
26.607
17.397
8.1873
-1.0227
-10.233 Min

Figure 1-40 Normal stress in. the X direction.

7.  Right click and select the front view. The averaged smooth stress contours show a
maximum stress of around 73 MPa.

B: Static Structural
Normal Stress

Type: Normal Stress(X Axis)
Unit: MPa

Global Coordinate System
Time: 1000 ms

472272026 11:38:35 AM

Insert

GoTo
72.657 Max
63.447
54.237
45.027
35.817
26,607

— 17.397

—| 8.1873
-1.0227
-10.233 Min

Filter Tree Based On Visible Bodies

Isometric View

Set

Restore Default H
Zoom To Fit F7

Zoom To Selection z

Display Graph

Create Local Max Probes K

Create Lacal Min Probes L

B @28r@ =

Image to Clipboard Ctrl=C

Cursor Mode

== === ]

View

Select Mesh by ID... M

&

Rig Orients the model so that you
et see it parallel to the XY-plane,

laoking from the positive Z-axis.

H
] (@ Press F1 for help.

Figure 1-41 Normal stress using the default mesh.
The default mesh consists of elements that are 25 mm by 25 mm and 10 mm thick.
Suppose we reduce the element size and examine the effect on the computed stresses. In
the outline tree click on Mesh, then in Details of “Mesh” change the element size from
25 mm to 10 mm.

8.  Mesh > Details of “Mesh”

9. Defaults > Element Size > 10 mm
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1 Details of "Mesh" : e O X
[=l| Display

! Display Style |UseGeometry Setting

[=| Defaults

Physics Preference

|Me(hanica|

Element Order

Program Controlled
10.0 mm

[=l| Sizing
Use Adaptive Sizing Yes
Resolution Default (2]
Mesh Defeaturing Yes
Defeature Size Default
Transition Fast
Span Angle Center Coarse
Initial Size Seed Assembly
Bounding Box Diagonal | 538.61 mm
Average Surface Area 24250 mm?
! Minimum Edge Length | 10.0 mm
! [ quaity
1 -
] Advanced
Statistics

Figure 1-42 Set the element size.
10. Right click Mesh > Generate Mesh

The new mesh with 900 elements is shown below.

B: Static Structural
Normal Stress

Type: Normal Stress(X Axis)
Unit: MPa

Global Coordinate System
Time: 1000 ms

4/22/2026 12:27:24 PM

86.409 Max
75.236
64.062
52.889
41.716
30.542

1 19.369
8.1956
-2.9778
-14.151 Min

Figure 1-43 Normal stress for 10 mm elements

11. Solve = =/ 3%& and view the normal stress solution.
The computed maximum normal stress is 86 MPa, an increase of about 18 per cent.

Now reduce the mesh size to 5 mm. This creates a 7200 element mesh.
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B: Static Structural

Normal Stress

Type: Normal Stress(X Axis)
Unit: MPa

Global Coardinate System
Time: 1000 ms

4/22/2026 12:31:34 PM

107.79 Max
93.815

Figure 1-44 Normal stress for 5 mm elements.

The computed maximum normal stress is 108 MPa, a further increase of around 26 per
cent.

Finally, reduce the mesh size to 3 mm, producing a model with over 40,000 elements.

Note, this large number of elements may exceed the allowable for the software version of
Ansys Workbench Mechanical that you are using.

12. Details of “Mesh” > Element Size >3 mm

13. Again Solve =/ 3%"&  and view the normal stress solution.

129.29 Max
112.5
95,706
7E.91z
62,117
45,323
28,529
11.734
-5.0601
-21.854 Min

Figure 1-45 Normal stress for 3 mm elements.

The newly computed maximum normal stress in the X-direction is 129 MPa, an increase
over the previous value of 19 per cent. So, what is happening?

The behavior of the maximum stress results we just computed is due to the stress
singularity at the corner of the square hole. The corner has a zero radius of curvature
where the two edges meet, and as the radius of an interior corner or other such interior
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notch approaches zero, the computed stress approaches an infinite value. (See a
representative stress concentration factor chart.)

If the material is ductile and the loads are static, the high stresses at this location may not
be of concern in the actual use of the part. If the material is brittle or the loading is
repetitive (fatigue situation), then it is very important to model the actual geometry,
including any small fillet radius that may exist, and thus determine the correct stress
value in the vicinity of the notch.

During manufacture of a real plate, it would be difficult to make the edges of the hole
meet with an exactly zero radius at the corner. Or it may be that a specific corner radius is
required for the proper function of the part. Suppose for our plate the actual corner
radius is 15 mm. Make this geometry change in the model of the plate with the solid
modeler you are using.

14. Return to the Project Schematic and double click Geometry. Working in
DesignModeler we will add the fillet radius to the plate with square hole
interactively. (If you are using another modeler, modify the geometry in that solid
modeler and reload the STEP or IGES part file.)

- A

gl ceomery

B Geometry +

Figure 1-46 Project schematic view.

15. Select the Edge Filter @, Click the interior Corner Edge and then select Fixed
Radius Blend ®Ed  Enter 15 mm > Generate * Generats
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A Geometry - DesignModeler

] File Create Concept Tools Units View Help

o HE| & |

$¥Undo  {®Redo |JSeIect:|E T%v|

| TbEdgeview W~ WM~ A~ A~ A~ A~ fi- A &

I XYPlane - I-‘*-| Sketchi - E*j] |J :/; Generate

| @ Thin/Surface | @ Blend v @ Chamfer @aSlice || @ Poi

Tree Outline ﬂ Fied Radius
E""«@ A: Geome @ Variable Radius
By o XYPI = Vertex Blend

....... 7 ZHPlave
....... » ;*‘ YZPlane

------- % FBlend1
- 1Part, 1

Sketching  Modeling |

Eﬂ----f. Extrudel

Body

Details View

Zl| Details of FBlend1

Fixed-Radius Blend

FBlendl

FD1, Radius [>0)

15 mm

Geometry

1 Edge

Figure 1-47 Part modification in DesignModeler.
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. A: Geometry - DesignModeler

File Create Concept Tools Units View Help

I

| EHB|@ | Dunie Gredo [[selece[; B RRR R (o [ X || S[¢QAAQBQ Q5 [+ /6
I

|

W~ W~ A~ fiv S S S~ A

XY¥Plane - )}.| Sketchl - ﬁ H :_; Generate @ Share Topology Palameters “ .B(tmde *Re\rol\re ~Sweep 4 Skin/Loft

J B Thin/Surface  §Blend v € Chamfer W Slice |J @ Point 3 Conversion
1

Tree Outline

E‘"'« A: Geometry
By 5 X¥Plane
© e, Sketchl

by 8 Sketch
§- FBlend2
-8 1Part, 1 Body
ey 10 Solid

Sketching  Modeling |

Details View 1
[=]| Details of FBlend2

Fixed-Radius Blend |FBElend2

[ 1 FD1, Radius (>0) [15 mm —
Geometry 1 Edge

Figure 1-48 Updated DesignModeler geometry.
Now update the Static Structural Analysis model to the new geometry.

16. Return to the Project Schematic view. Left click on the small blue triangle in cell
B4, Model.
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Static Structural
EngineeringData "
Geometry v 4

or updated. Right-click and
choose Refresh or Update to
read the updated data. You
can also select Edit to perform
a Refresh and open the model
in the Mechanical application.

' Upstream data has been added
®

= |

Systems and Cells

Ansys Workbench

Figure 1-49 Model information screen.

17. Right Click in cell B4, Model and Select Update.

w
= 5
-\- 1 @
Geometry 3 E Geometry v o
4|. Model o |
{}-:_.
5 @ seup L
6 |§8 solution B Editin Read-Only Mode. ..
7 @ Results By Duplicate
Static Struct Transfer Data From New >
Transfer Data To New 3
|‘/ Update —
Update Upstream Components
Clear Generated Data
Refresh

Figure 1-50 Update the model.
After the update is complete, return to the Static Structural Mechanical screen.

18. Enter 0 for Element Size to reset it to the Default.
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Details of "Mesh" s - J.'.I. O X
[=]| Display

Display Style Use Geometry Setting
[=]| Defaults

Physics Preference Mechanical

Element Order Program Controlled
[=]| Sizing

Use Adaptive Sizing Yes

Resolution Default (2)

Mesh Defeaturing Yes

Defeature Size Default

Transition Fast

Span Angle Center Coarse

Initial Size Seed Assembly

Bounding Box Diagonal | 538,61 mm

Average Surface Area 24250 mm?

Minimum Edge Length | 10.0 mm

The project now is updated; the material, load and frictionless supports remain the same;

the analysis proceeds as

Figure 1-51 Reset element size.

_#
before. =+ 3alve
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B: Static Structural
MNormal Stress

Type: Normal Stress(X Axis)
Unit: MPa

Global Coordinate System
Time: 1000 ms

4/22/2026 9:46:24 AM

99.967 Max
88.444
76.922
65.399
53.877
42,355
30.832

19.31
1.7876
-3.7348 Min

Figure 1-52 Default mesh for modified geometry.

The computed maximum stress associated with the 15 mm corner radius is about 100
MPa.

We can control the accuracy of the solution manually as we did in previous examples or
we can request an automatic iterative solution process to be employed that will use
models with successively smaller element sizes while monitoring the change in the
requested solution quantity. This is essentially an automation of what we did manually
earlier.

Select maximum Normal Stress as the quantity to monitor during iterative solution.

19. Right click Normal Stress > Insert > Left click Convergence
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&, Solution (B6)

/15 Solution Information

Vﬁ wm
Insert
/ Export...

OO*xe@ kB 00 B

Create Results At All Sets
Show Body With Max Result
Suppress

Duplicate Without Results
Rename Based on Definition
Duplicate

Copy
Cut

Copy To Clipboard

Clear Generated Data

Delete
Rename F2
Group Ctrl+G

Group Similar Objects

Deformation
Strain
Stress

Energy

Linearized Stress »

Stress Tool
Fatigue
Contact Tool
Bolt Tool

& Fracture Tool

Probe

Coordinate Systems ]

'ﬂu Volume

=2 Convergence

@ Alert
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[ Python Result

User Defined Cl

= Commands

Convergence

Insert a convergence object that controls the
relative accuracy of a solutien by refining
results on a particular area of a model.

(D Press F1 for help.

Figure 1-53 Insert convergence criterion.

Define the allowable change in the maximum Normal Stress between solutions.

20. Details of “Convergence” > Allowable Change > 0.1 per cent

-8 Solution (B6)

‘;E Solution Information
E|¢ﬁ Mormal Stress

/

Details of "Convergence" = ww O X
[=1| Definition

Type Maximum /

Allowable Change | 0.1 %
[=l| Results

Last Change 206042002 %

Converged Yes

Figure 1-54 Allowable change in the normal stress.

Define the default number of mesh refinements and depth (refinement gradations).

21.

Solution > Max Refinement Loops > 1; Refinement Depth > 2
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Ao

5] Solution Information
B8 MNormal Stress

i pi22 Convergence

Details of "Solution (Eﬁj" O S LA A0

[=]| Adaptive Mesh Refinement

Max Refinement Loops

1.

Refinement Depth

2.,

Figure 1-55 Adaptive refinement parameters.

22. Right click Solution or Normal Stress > Solve

E j Solve

Solving the mathematical model...

Figure 1-56 Solution status.

23. Once the solution process has finished, click on Convergence.

The convergence results shown in the next figure are displayed. The model is refined
from 1081 nodes and 134 elements to one with 4797 nodes and 2602 elements. The
maximum normal stress in the X-direction changes from 99.967 MPa to 101.57 MPa, a
total change of about 1.6 per cent. Continue to press the solve icon until the repeated
solution change in successive computed maximum normal stress values is less than 0.1

per cent as requested. See the next figure.

You may not want to use this convergence process for problem types you are very

familiar with, but in certain cases it can be a useful tool.
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Convergence History
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B: Static Structural
Mormal Stress

Type: Mormal Stress(X Axis)
Unit: MPa

Global Coordinate System
Time: 1000 ms

4/22/2026 1:01:29 PM

123.18 Max
109.39
95,597
81.806
68.016

54.225

40,435
26,644
12.854
-0.93647 Min

Figure 1-57 Final mesh and stress convergence history.

Another refinement method that can be used to ensure accuracy of results is the manual
insertion of a mesh refinement using the fillet radius in the high stress area as the target
geometry. The results produced thereby are shown below. We once again converge to a
solution of 123 MPa for the maximum normal stress in the X-direction.
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Details of "Refinement” - Refinement -
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B: Static Structural
Normal Stress

Type: Normal Stress(X Axis)
Unit: MPa

Global Coordinate System
Time: 15

4/24/2026 10:23:36 AM

123.34 Max
109.42

Figure 1-58 Mesh refinement using fillet radius as the target geometry.

The convergence path could be altered by the choice of the mesh
refinements. A uniform mesh refinement followed by a local
refinement using this convergence object will likely produce different
intermediate results. Experimentation and experience are important.
Note also that to facilitate the automatic meshing process the element
was changed by the software from the 20 node brick elements to ten-
node tetrahedron elements.

24. Save your work.




Simulation I 1-41

1-5 SUMMARY

The tutorials in Chapter 1 illustrate basic concepts of stress computation with Structural
Static Mechanical simulation coupled with Ansys DesignModeler or another solid
modeler. We note that computed values must be examined carefully to evaluate their
accuracy and that manual or automatic convergence studies can and should be used to
ensure quality of results. Don’t necessarily accept the results of the first mesh you try.

Ansys Elements used in this chapter: SOLID186, Homogenous Structural Solid 8-node
and 20-node bricks as well as 10-node tetrahedral, pyramid and prism variations as
required by automatic meshing of volumes.

Figure 1-59 Elements used in this chapter.

In the next chapter we will extend these ideas to more complex parts and introduce
additional simulation modeling options.
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1-6 PROBLEMS

Throughout the remainder of the book express your computed results using 3 to 4
significant digits accuracy unless otherwise indicated and convert computed results so
as to be able to present results in both systems of generally accepted units for engineering
work. That is, work the problem using the units in which it is defined, show the
computed results in those units, and convert the results so that you can present answers
in both MKS (mm KS) and IPS (FPS) systems. See Tutorial 1A.

Always show the meshes you use in your solution, and for problems in stress analysis,
it’s also a good idea to first plot UNAVERAGED results as a quick visual check on
accuracy; again see T1A.

1-1 Consider a thin structural steel plate as shown below. Compute the maximum
normal stress in the horizontal, X direction if 100 kN tensile load is applied to the
left and right end surfaces. Compare your result with the value you compute using
tabulated stress concentration factors for this geometry.

Use the three planes of symmetry this problem has and analyze only one eighth of
the solid. Put frictionless supports on the planes of symmetry and apply one-fourth
of the load, that is (100/4) kN. See Tutorial 1A, step 15. Present both Averaged and
Unaveraged Stress results plots.

If you have time, use only two planes of symmetry, apply one half of the load as we
did in Tutorial 1A1. Compare your results to those obtained using three planes of
symmetry.

R =50 mm

/

100 kN

400 x 200 x 10 mm

Figure P1-1 Figure P1-2

1-2 Place a 25 mm diameter hole 100 mm to left and to the right of the vertical
centerline but at the quarter points on the horizontal centerline of the part in
Problem 1-1. Find the magnitude and location of the maximum normal stress.
Compare this result to the theoretical maximum stress in the plate without the
added holes using tabulated stress concentration factors to determine the theoretical
result.

1-3 Consider the long, thin structural steel beam shown below, fixed at one end, free at
the other. Apply a pressure of 200 psi on the upper edge. Compute the vertical
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1-6

deflection at the free end and the maximum bending stress at the top edge at the
mid length of the beam. Look up the theoretical solution in your solid mechanics
book and compare your FEM results with the results you can compute from beam
theory.

p = 200 psi

S

8 x 1 inches , 0.25 thick

Figure P1-3

Repeat the problem described in Problem 1-3 but make the beam
1 x 1 x 0.25 inches. Slender beam theory no longer applies to this
geometry. Determine the theoretical solution for the end deflection
of this cantilever beam from solid mechanics theory and compare
with your FEM result. Comment on the differences.

Figure P1-4

Repeat the problem described in Problem 1-3 but drill a 0.25 inch diameter hole at
the center of the beam.

/ p = 200 psi
8 x 1 inches , 0.25 thick

Figure P1-5

The central bore of the indexing wheel and the 8 slots are all 1.0 inch in diameter.
The thickness is 0.5 inch and the diameter D = 4 inches. Find the maximum
principal strain in pressurized indexing slot if the applied pressure is 5,000 psi.
Ignore the strains in the completely fixed central hole. Report the calculated
decimal value and also report the result in terms of micro-strain, that is, the
computed value multiplied by 10°. See figure below.

Repeat problem 1-6 but use a vertical plane to slice off half of the geometry and put
a frictionless support on the exposed plane of symmetry.
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Figure P1-6 and Figure P1-7

1-8 A 20 inch diameter cylinder has an 8 in square hole with 1.0 inch radius corner
fillets. The thickness is 0.75 inch. Find the maximum values for von Mises stress,
principal stress, shear stress, and displacement if the front and back surfaces
have frictionless supports (condition of plane strain) and the interior has a pressure
of 7500 psi.

1-9 The structural steel frame shown is fixed at its base and loaded with a pressure of P =2
MPa as shown. Cut a section plane through the vertical segment at point @ halfway up.
Draw a free body diagram showing the forces and moment acting on the cross section of
the upper portion. Use a hand calculation to compute the Bending Stress +/- Axial Stress
at the left edge point a. Also use Ansys Workbench to compute the maximum
vertical stress and compare your results.

P '——190 mm
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Figure P1-8 Figure P1-9
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1-10 The equilateral triangle is 8 inches on each side, and the thickness is 1 inch. The
0.5 inch diameter holes are symmetrically placed radially 3.5 inches from the
center.

The part is supported at holes A and B with cylindrical supports, fixed radially
and axially but free tangentially to allow rotation. A horizontal load in the mid
plane of the plate of 15,000 Ibf is applied to hole C. Find the magnitude and
location of:

a. max von Mises Stress

b. max Principal Stress

c. max Principal Strain

d. max Horizontal Displacement
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NOTES:
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