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Install Ansys, student version:
https://www.ansys.com/academic/students

3 o
Mechanical APDL 2024 R2

A—

3
Mechanical APDL Product Launcher 2024 R2

To have the program run properly make the following change:
[ 2024 R2: Ansys Mechanical APDL Product Launcher [Profile: *** Last AE Run ***]..  — X
File Profiles Options Tools Links Help
Simulation Environment:
ANSYS [+]
0 License:
LNC Ansvs Mechanical Enterorise
1 Show Legacy Licenses
"7?3&{7T(:h;i&i%i'z'ii&{j’ High Pe
|_Management [ _Preferences EOMBURNG
Type of High Performance Computing (HPC) Run:
GPU Acceleratic None [ v}

Use Shared-Memory

® Use Distributed Cc —MPI Type |INTEL MPI (defa K4

® Use Local Mack --Number of Proo (4 | --Number of thre: |1
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https://www.ansys.com/academic/students

2024 R2: Ansys Mechanical APDL Product Launcher [Profile: *** Last AE Run ***]
File Profile ons T Links Help

Simulation Environment:

ANSYS [ +]

License:

Ansvs Mechanical Enterorise

O Show Legacy Licenses

Type of High Performance Computing (HPC) Run:

GPU Acceleratic None | v

® Use Shared-Memory --Number of threads (( |4

Use Distributed Cc [+

5]

Defined Element Types

£ Preferences
& Preprocessor
B2 Element Type

B8 dit/D te
& Switch Elem Type B Libeary of Element Types
B Add DOF Library of Element Types

B Remove DOFs
B Elem Tech Control
@ Real Constants
@ Material Props
@ Sections
= Modeling
& Meshing
& Checking Ctris
@ Numbering Ctris
@ Archive Model
@ Coupling / Cegn
= Loads
& Path Operations
& Solution
& General Postproc

Element type reference number

oK

Close

3D finit stn 180

Structural Mass

actuator 11
Beam
Pipe
Solid
Shell
Solid-Shell 3D finit stn 180
Cancel
Help

- Define the two materials

Y\m\m"\% g—

»

-2 |1

B —
@ Element Type ]
& Real Constants
& Material Props
& Material Library Material Models Defined
B Temperature Units Py
B Electromag Units
EJMaterial Models|
& Convert ALPx
B Change Mat Num
& Failure Criteria
B Write to File
B Read from File
& Sections
& Modeling
& Meshing
& Checking Ctris
& Numbering Ctris
& Archive Model
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I Linear Isotropic Properties for Material Number 1
Material Models Available

@ Favorites Linear Isotropic Material Properties for Material Number 1
@ Structural
@8 Linear =
@8 Elastic
9 soironid
@ Orthotropic EX 10000
€ Anisotropic PRXY K]
@ Nonlinear
€ Density
@ Thermal Expansion
: 93""9'”?\ i g Add Temperature | Delete Temperature | Gra
oK Concel |  Hebp



Material Models Defined

e 3 T

Define Material Model Behavior

What's This?

Material Edit Favorite Help
Material Models Defined
& Material Model Number 1 =

- IMaterial Mode! Number 2)

€ Linear Isotropic

Material Models Available

s Favorites
& Structural
& Linear
& Elastic
$gisotropig
€ Orthotropic
€ Anisotropic
s Nonlinear
€ Density
& Thermal Expansion
@ Damping

J @& Crrtinn M anfficiant

= List Plot PlotCtris WorkPlane Parameters Macro MenuCtris

n Files
Status

J Keypoint

Lines
Areas

Volumes

I
*®!  Nodes
s

it

tr¢ Loads
bri g
ve Other
nge mat Num
1re Criteria

e to File

d from File
ns

ng

g

ing Ctris
rring Ctris

& Model
ng/Cegn

MATERIAL NUMBER =

0.0000
EX =

Elements
on Components
W § Picked Entities +

orii
B9 _Properties |

10000.

»

»

* DWRGRPH

Element Types

All Real Constants
Specified Real Const

»
»
»

Section Properties
Specified Section Props

All Materials

All Matis Specified Temp
All Matis, All Temps
Specified Matl, All Temps

Layer Data
Data Tables

1 EVALUATED AT TEMPERATURE OF

PRXY = 0.30000

MATERIAL NUMBER =

0.0000

2 EVALUATED AT TEMPERATURE OF

EX = 0.10000E+06
PRXY = 0.30000

-Define the sections
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= Preprocessor

@ Element Type

@ Real Constants

@ Material Props

B Sections
@ Section Library
& Beam B Add Link Section
@ Shell Add Link Section with ID
@ Pretension
& Joints

@ Reinforcing C Cancel

® Pipe

B Link
Jadd

B Edit

B Add or Edit Link Section

[SECTYPE] Add Link Section 1
Section Name

[SECDATA] Section Data

Link area

[SECCONTROL] Section control
Added Mass (Mass/Length

Tension Key Tension and Compress

Cancel

LIST SECTION ID SETS 170 2 BY 1

SECTION ID NUMBER: 1

LINK SECTION NAME IS: 1

Link Area =0.10000
SECTION ID NUMBER: 2

LINK SECTION NAME IS: 2

Link Area = 1.0000

\r)\
Creating the elements: Mﬁ

First problem:
First problem:

Verged (Gonto)

MES517 Page 4

Ceerdl®7 1 pion

////ﬁ\jl ARe



oo

foses

Vb Vag

iY_/CK L\JB OW/‘S\X AR \S\ﬁ—\\p aww&j\‘\( M(Vwiﬂx)\w@\\)
& éf\(@b\\7 C/Y\Cog\*Q, ?\—// C\O\JQL&\‘

& Preferences =l
& Preprocessor |
& Element Type

B Create Nodes in Active Coordinate System
@ Real Constants

@ Material Props [N] Create Nodes in Active Coordinate System
& Sections NODE Node number
8 Modeiing X¥.Z Location in active CS 6
8 Create 2
@ Keypoints THXY, THYZ THZX
@ Lines Rotation angles (degrees)
@ Areas
@ Volumes
2 Nodes oK Apply Cancel Hely
#10n Working Plane T

Create the elements

LH )

sferences
zprocessor
Element Type
Real Constants
Material Props
Sections
Modeling

R

Elements from Nodes

Pick (" Unpick
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sferences :
zprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
& Create
B Keypoints
@ Lines
B Areas
2 Volumes
@ Nodes
B Elements
£ Elem Attributes
= Auto Numbered
24l Thru Nodes|
E At Coincid N
Offset Nodes
@ Surf/ Contact
@ SpotWeld
@ Pretension
& User Numbered
E Write Elem File
Read Elem File
® Superelements
B Contact Pair
@ Circuit

Elements from Modes

Boundary conditions:
Support displacements

Main Menu

= Preferences
B Preprocessor
= Element Type
@ Real Constants
& Material Props
& Sections
& Modeling
= Meshing
@ Checking Ctris
& Numbering Ctris
& Archive Model
& Coupling / Cegn
& Loads
@ Analysis Type
B Define Loads
B Settings
B Apply
8 Structural
B Displacement
A 0n Lines
A 0n Areas
& 0On Keypoints
PAOn Nodes
# 0n Node Components
3 ?‘I.n.\._..l r >

il Apply UHUI on Nodes

[D] Apply Displacements (U,ROT) on Nodes

Lab2 DOFs to be constrained

Apply as
if Constant value then:

VALUE Displacement value

oK Cancel

All DOF

uy
uz
VELX

Constant value

0.5e-3

Help
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Apply UROT on Nodes




Apply the force

Main Menu

Preferences
E Preprocessor
@ Element Type
& Real Constants
& Material Props
& Sections
= Modeling
= Meshing
@ Checking Ctris
& Numbering Ctris
& Archive Model
& Coupling / Cegn
2 Loads
= Analysis Type
B Define Loads
@ Settings
B Apply
8 Structural
@ Displacement
B8 Force/Moment
# 0n Keypoints
f‘:l: I:I-:': A: o
& 0On Node Component: ""“‘““"“‘“““}
B From Reactions
E From Mag Analy Pick ALl
@ Pressure

m Tamnaratura

Apply F/M on Nodes

¥ Pick Unpick

Reset

ﬁ Apply F/M on Nodes

[F] Apply Ferce/Moment on Nodes

Lab Direction of force/mom Ey -
Apply as Constant value bl
If Constant value then

VALUE Force/moment value -1.9

oK Apply Cancel Help

Assign material properties and section numbers to elements

This is what we need to do as we create elements. When section or material changes, we
need to change the default and then create the next elements

Before creating element 3 here, we need to change defaults to 2 and 2:
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= Preprocessor

@ Element Type
& Real Constants
@ Material Props

B Meshing Attributes

Default Attributes for Meshing

[TYPE] Element type number

@ Sections 1 LINK180
2 Modeling [MAT] Material number TEE -
= Meshing
B Mesh Attributes [REAL] Real constant set number [None defined =

B All Keypoints
A Picked KPs
B All Lines

A Picked Lines
B All Areas

RN

ed Areas

B All Volumes
2 Picked Volumes
& Volume Brick Orient

[ESYS] Element coordinate sys

[SECNUM] Section number

OK Cancel

Help

“nanical ENTErprise UninTy mMmenu

«ct List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help

I @ Files
: Status

Keypoint
Lines
Areas
Volumes
Nodes

u
nc

W Elemerts |
1en

c¢ Components

ria Picked Entities +

¥

L]
OWRGRPH

®|

Nodes + Aftributes
Nodes + Attr + RealConst

Aftributes + RealConst
* Aftributes only

,  Layered Elements

' I

ion

elir  Properties
-ea Loads
Ke

Lit  Other
Areas

Main Menu

Preferences
@ Preprocessor
B Solution
& Analysis Type
& Define Loads
@ Load Step Opts
@ SE Managemen
£ Results Trackin
8 Solve
ﬂ 2}
B From LS Fileg
@ Manual Rezonin
@ ADAMS Connec
@ Diagnostics
B Unabridged Met
& General Postproc
@ TimeHist Postpro

Solve the problem

FIC_arAarmeo

SOLUTION OFPTIOHNS

PROBLEM DIMENS IONALITY. . s 22 a2z a2 -3-D

DEGREES OF FREEDOH. . . . . . UX 0¥ UZ

ANALYSIS TYPE . . . . . . . . . . . . . . . . .SBTATIC (STEADY-STATE>
GLOBALLY ASSEMBLED MATRIX . . . . . . . . . . .SYMHMEIRIC

LoAD STEP OPTIONS
LOAD STEP NUMBE!

B. . . . - . a a 1
TIHE AT END OF THE LOAD STE - 1.8888
NUHBER OF SUBSTEPS. . . . . . . a 1
STEE CHRN%ETBOUHD&RV CONDITIONS . . =2 a a .'I:E["ﬁ LT

ou 0 = a = PRINTOUT
DATABASE OUTPUT CONTROLS. . . . . . . . . . . .ALL DATA WRITTEN
FOR THE LAST SUBSTEP
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Postprocess:

3 Freprocessor
2 Solution
3 General Postproc
& Data & File Opts
B Results Summary
= Read Results
@ Failure Criteria
B Plot Results
=]Deformed Shape
& Contour Plot
& Vector Plot

H Plot Deformed Shape

[PLDISP] Plot Deformed Shape
EUND ltems to be plotted
Def shape enly

* Def + undeformed

Def + undef edge

@ Plot Path Item oK Apply | Cancel Help
@ Concrete Plot
Reaction forces )\
// —

iu

/ : - > = HTH4&

@ First, we compute reaction forces by adding up forces from individual elements
that contribute to reaction forces

Ri=ff+ f{2 =0+ 0.57 (397a)
Ri = f5' 4 =0+ = —0.5714 (397b)
R = f' 4 = (0.4285 + = 0.9999 (397¢)

325 / 456
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E Preferences
& Preprocessor
& Solution
£ General Postproc
B Data & File Opts
B Results Summary
B Read Results
& Failure Criteria
@ Plot Results
B List Results
B Detailed Summary
B Iteration Summry
& Percent Error
& Sorted Listing
B Nodal Solution
B Element Solution
B Superelem DOF
B SpotWeld Solution
Z]Reaction Solu
H Nndal | nads

TIME= 1.0000

[PRRSOL] List Reaction Solution
Lab Item to be listed

LOAD CASE= 0

Struct force FX
FY
FZ
All struc forc F
Struct moment MX
MY
MZ
All struc mome M

All temns

THE FOLLOWING X,Y,Z SOLUTIONS ARE IN THE GLOBAL COORDINATE SYSTEM

NODE FX FY FZ
3 0.57143
4-0.57143  1.0000
TOTAL VALUES
VALUE 0.0000 1.0000 0.0000

Main Menu

El Preferences
@ Preprocessor
@ Solution
& General Postproc
& Data & File Opts
E Results Summary
& Read Results
@ Failure Criteria
@ Plot Results
8 List Results
B Detailed Summary
= Iteration Summry
B Percent Error
@ Sorted Listing
B Nodal Solution
=JEleme 0
2 Superelem DOF
B SpotWeld Solution
B Reaction Solu
B Nodal Loads
£ Elem Table Data
£ Vector Data
[ Path Items
B Linearized Strs
8 Query Results

[ T SN S

B List Element Solution

ltem to be listed

&4 Thermal Strain

@& Total Mechanical and Thermal Strain

@ Swelling strain

@ Energy

& Error Estimation

@& Failure Cnteria

& Structural Forces

& Structural Moments

@ All Available force items

# Geometry
AL ine Element Results

@ Element Results
@ Body Temperatures
& Miscellaneous ltems

PRINT ELEH ELEMENT SOLUTION PER ELEMENT

wewss POST1 ELEMENT SOLUTION LISTING swwss

LOAD STEP 1 SUBSTEP= 1

TIME=  1.8868 LOAD CASE= 8
EL= OBES 3 4 MAT

FORCE= B.42857 DYRESS=  4.2857
P—- 0 AUl EPTH=-  @.AB80
1 MAT

1429
#.80800
4 MAT

8.8812
A.9800

Slide 324 ¢

= 1 XC.YC.ZC= @.080 @. 2008
EPEL= B.42857E-83
- 1 XC.YC.ZC=- B.8088 8. 6808
EPEL=-8.71429E-83
C.YC.ZC~- B.8088 8. 808

- 1 X
EPEL= 8.88812E-83
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AREA= @.108688

AREA= @.10888

AREA= @.10888

LINK188

LINK188

LINKi88



l 1= -

1= -

T |T® - 12145 % (0.5 — 0)|T€2 = 121 (5.4 X (—0.2123 — 0)
2.8 2
#1 X (0 4+ 1.2)} = 0.4288 40.6 X (—3.2928 4 1.2)} —0.7128
Main menu b’”
5 Preferences 4] T
@ Preprocessor List Nodal Solution
& Solution
& General Postproc Item to be listed
B Data & File Opts
B Results Summary @ Favorites
© Read Results @ Nodal Solution
& Failure Criteria @ DOF Solution
& Plot Results @ X-Component of displacement
e List Results @ Y-Component of displacement
B Detailed Summary @ Z-Component of displacement
& Iteration Summry [=JDisplacement vector si
B Percent Error @ Stress
& Sorted Listing @ Total Mechanical Strain
B @ Elastic Strain
B Element Solution & Plastic Strain
B Superelem DOF @ Creep Strain
B SpotWeld Solution s Thermal Strain
B Reaction Solu |
B Nodal Loads
8 Elem Table Data Value for computing the EQV strain
B Vector Data
B Path items
B Linearized Strs i
PRINT U NODAL SOLUTION PER WODE

wwwsn POST1 MODAL DEGREE OF FREEDOM LISTING wwewws

LOAD STEP= 1

SUBSTEP= 1
TIHE= 1.PAA8BA =

LOAD CASE 2]

THE FOLLOWING DEGREE OF FREEDOH RESULTS ARE IN THE GLOBAL COORDIMATE SYSTEM

HODE Ux uy Uz
1 -A.42427E-0A3-0.30153E-A62 @.6A008
T3 0. Beaa —-B.12PABE-BB2 @.PAEA
2, 4 B.5A0PRE-B85 0 .6088 a. eaaa

usuM
A.3a458E-8n2
A.1200aE-882
A.5800aE-Baa5

/2

ﬁ;{v'; X (—0.2138 — 0.5)

X (—s3.2028 — 0)}

2nd problem

We solve it as a 2D problem with axisymmetry

O
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\
In FE programs any surface by default is traction-free, so we only specify hﬁe%%é - C IV) O)
Main Mer S Defined Element Types 5.
———— = ONE DEFINED X
B Preferences | S
B Preprocessor A phes
8 Element Type Pl <
ZIAdd/EditiDelete 5|
B Switch Elem Type =
B Add DOF ﬂ Library of Element Types
E E;“;"::c?_'%?mrol Library of Element Types 's:.um:rlzukmss ] 'Cud1 82

@ Real Constants Beam Brick 8 node 185
& Material Props Pipe 20node 15;6
= Sections — concret 63
& Modeling Solid-Shell I Snode a3
@ Meshing

Element type reference number 1

OK Apply Cancel Help

B Checking Ctris
& Numbering Ctris
& Archive Model

& Coupling / Cegn
@ Loads

2nd vkl

= Preferences
B Preprocessor
B Element Type

DL i B PLANE183 € i
B Switch Elem Type element type options
B Add DOF Options for PLANE123, Element Type Ref. No. 1

B Remove DOFs

B Elem Tech Control Enwk Haps =l Quadrilateral -
@ Real Constants

® Material Props ST —— = Plane stress -

® Sections Plane stress
EHementformulstion K6
=
Modeling ) X o N Plane strain |
@ Meshing (NOTE: Mixed formulation is not valid with plane stress) Plane strs wy/thk

@ Checking Ctris Genrl plane strn

@ Numbering Ctris oK | Cancel Help
@ Archive Model !

& Coupling / Cegn

S —
L
@ Path Operations

Delete

Define materials 1 and 2

AP
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