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If you need resources for learning C++, just contact me (for the second project)

Running Ansys after the installation:

Chemkin R2
Productivity
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O Mechanical 2021 R2
N Mowvies & TV

> Mechanical APDL 2021 R2
° Mechanical APDL Product Launcher...

Modei Fuel Library 2021 R2

Product & CAD Configuration 2021

B8 2021 R2: Ansys Mechanical APDL Product Launcher [Profile: *** Last AE Run ***] Hostname: DESKTOP - X

Simulation Environment:

ANSYS v ]
License

ANSYS Mechanical Enterprise

[} Show Legacy Licenses
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In Ansys truss elements are called links.

- Specify that we are using truss (link) elements.
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vid vIEenL
1Preferences
1 Preprocessor

2 Element Type
=1Add/Edit/Delete|
& Switch Elem Type
= Add DOF
= Remove DOFs
2 Elem Tech Control

= Real Constants

= Material Props

= Sections

= Modeling

= Meshing

@ Checking Ctrls

@ Numbering Ctrls

@ Archive Model

& Coupling / Ceqn

® Loads

= Path Operations

-- Define the materials (E1, E2) and sections (A1, A2)

iPreferences
| Preprocessor
& Element Type
= Real Constants
8 Material Props
= Material Library
B Temperature Units
B Electromag Units
=]Material Models
= Convert ALPx
B Change Mat Num
@ Failure Criteria
B Write to File
= Read from File
@ Sections
& Modeling
= Meshing
@ Checking Ctrls
& Numbering Ctris

m Aranhiva Madal

Defined Element Types:

Only structural element types are shown

brary of Element Types

Library of Element Types

Element type reference number

Close

Apply

Structural Mass
actuator

Beamn
Pipe

Solid
Shell

Solid-Shell * || 3D finit stn 180
Cancel Help
T T
Uelete

Help

Qo it stnizo ]

Material Models Defined
E3Material Model Number|

Copy and paste, and edit E = 10000 for material 2 (E2)

Sections
& Preferences
= Preprocessor
@ Element Type
= Real Constants
@ Material Props
e Sections
@ Section Library
@ Beam
@ Shell
@ Pretension
@ Joints
@ Reinforcing
@ Pipe
e Link
Eldd

@ Edit

or Edit Link Section

] Add Link Section 1
Section Name

] Section Data

nk areas

[SECCONTROL] Section control

Added Mass (Mass/Length

Tension Key

]

&

Material Models Available

Favorites
Structural
& Linear
@ Elastic
igIsotropic

@ Orthotropic
@ Anisotropic
= Nonlinear
@ Density
@ Thermal Expansion

Tension and Compression

Cancel Help

Linear lsotropic Properties for Material Number 1

Linear Isotropic Material Properties for Material Number 1

m™
Temperatures |
EX 10000
PRXY (0.3

Add Temperature | Delete Temperature

oK Cancel

—w—r

Create nodes
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‘eal Constants
laterial Props ‘
ections
lodeling
2 Create
@ Keypoints
@ Lines
@ Areas \
@ Volumes
& Nodes
7 0n Working Plane
Llin Active CS|

X Y.Z Location in active CS

‘ THXY, THYZ, THZX

Rotation angles (degrees)

Apply and create nodes 2, 3

- Create elements
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-eferences = £ :n’.ents from Nodes
reprocessor N NUM
1 Element Type
1 Real Constants
1 Material Props
1 Sections
1 Modeling
2 Create
@ Keypoints
e Lines
= Areas
@ Volumes
B Nodes
e Elements
= Elem Attributes
e Auto Numbere
n

= At Coincid Nd
B Offset Nodes

@ Surf / Contact

@ SpotWeld

After creating element 2, we change to E2 and A2 to create element e3

Main Menu @
eferences -
e'E[:I‘Dcests-?l’ ) ﬁ Element Attributes
1 Elemen e
h Real Con5¥£nls Define attributes for elements
1 Material Props [TYPE] Element type number LINK180
1 Sections [MAT] Matesial numbes
1 Modeling TT—— ;
[REAL] Real constant set number Mone defined
e Create
@ Keypoints [ESYS] Element coordinate sys
@ Lines [SECNUM] Section number B -
= Areas
@ Volumes P e Straight ine
= Nodes
e Elements
EJEiem Attributes

8 Auto Numbered
A Thru Nadee

We apply supports (prescribed displacements)
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@ Numbering Ctris
@ Archive Model
= Coupling / Ceqn
e Loads
@ Analysis Type
e Define Loads
@ Settings
a Apply
e Structural
& Displacement
A 0n Lines
2A0n Areas
Z20n Keypoints

Top left node

Apply LROT on Modes

[D] Apply Displacernents (U ROT) en Nodes

Lab2 DOFs to be constrained

Apply as
I Constant value then

VALUE Displacement value

--- apply the force on node 1
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@ Meshing = ELEME}
@ Checking Ctris ELEM NUM
@ Numbering Ctris
@ Archive Model
@ Coupling / Ceqn
e Loads
@ Analysis Type
& Define Loads
s Settings
a Apply
& Structural
® Displacement
e Force/Moment
2 0n Keypoints

20n Node Components
B From Reactions
& From Mag Analy

@ Pressure

@ Temperature

@ Inertia

B Pretnsn Sectn

ﬁ Apply F/M on Nodes
[F] Apply Force/Moment on Modes
Lab  Direction of force/mom Y =
Apply as Constant value =
If Constant value then:

VALUE Ferce/moment value 1.4

oK Apply Cancel Help

ote “ tro MenuCtrls Help

i) Solution is done!

Close
Main Menu \
1 Preferences ':'f
) Preprocessor SOLUTION OPTIOMNS —
| i PROBLEM DIMENSIONALITY. . . . . . . . . . . .. 3-D
Soltion i ANALESTS TYPE s Tl wow e STATIC ¢STEADY-STATE)
@ Analysis Type GLOBALLY ASSEMBLED MATRIX . . . . . . . . . . .SYMMETRIC

@ Define Loads
& Load Step Op

LOoAD STEP OPTIOHNS

TTHE AT END OF THE Loab STEPI © 1 1 1 1111 po00
4] . 1
@ SE Managem¢  [IRE AT END Serips oor STEP- 1
q DEFAULT
& Results Track LT ouT
= Solve ALL DATA WRITTEN

ﬂm FOR THE LAST SUBSTEP

B From LS Fi
= Manual Rezor
= ADAMS Conn

R T .

Postprocessing

Show the deformed shape:
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Main Menu @
iPreferences
2 Preprocessor
8 Solution
2 General Postproc
= Data & File Opts
B Results Summary
@ Read Results
@ Failure Criteria
& Plot Results
EIDeformed Shape
@ Contour Plot
@ Vector Plot
@ Plot Path Item
@ Concrete Plot
@ ThinFilm
@ List Results
@ Query Results
& Options for Qutp
= Results Viewer
@ Nodal Calcs
& Element Table
= Path Operations
@ Surface Operations

Bl Flot Defarmed Shape

[PLDM5P] Plot Deformed Shape
KUND Items to be plotted

If you want to save the deformed shape or any other thing do the following
ot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

) Pan Zoom Rotate ...
View Settings il

g Numbering ...
= Symbols ... {
Style :
Font Controls 4

Window Controls 4
Erase Options 4

Animate ’
Annotation 4

Mz Device Options ...

i Redirect Plots i To JPEG File ...

) Hard Copy * To TIFF File ...
N Save Plot Ctrls ... e

To VRML File ...
;'g Restore Plot Ctrls ... Tz ScreeLn ©
Reset Plot Ctrls

ut

i Capture Image To Segment Memory ...
P ge .. Delete Segments

t Restore Image ...

ale

Write Metafile J Sement Status

Multi-Plat Cantrale

For 1D elements (bars, trusses, ...) we list the following:

A. Reaction forces
wenerdl rusipive

= Data & File Opts
B Results Summary
@ Read Results .05 [ ] Li
@ Failure Criteria Lab item to be listed
@ Plot Results
e List Results
B2 Detailed Summary
8 Iteration Summry
= Percent Error
= Sorted Listing
B Nodal Solution
= Element Solution
&= Superelem DOF
= SpotWeld Solution

Def shape only

* Def + undeformed

Def + undef edge

FZ
Al struc forc F

Struct moment MX
MY
MZ

All struc mome M

Al items

NODE  FX Y EZ
2 0000n S11F-N1A
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NODE  FX

TOTAL VALUES
VALUE 0.94369E-016 0.71511E-016 0.0000

When you do it at home, you get these values

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

Ri=f'+f2=

(397a)
R} = f5' + (397b)
R = + (397¢)

Get nodal displacements

1 General Postproc < B Lt Nodal Solution
= Data & File Opts
= Results Summary Item to be listed
= Read Results a Favorites
Failure Criteria & Nodal Solution

@ Plot Results ADOF Solutio

o List Results @ X-Component of displacement
= Detal[ed Summary @ Y-Component of displacement
B Iteration Summry @ Z-Component of displacement
= Percent Error @ Displacement vector sum

@ Sorted Listing @ Stress

) @ Total Mechanical Strain

= Element Solution & Elastic Strain

B2 Superelem DOF @& Plastic Strain

= SpotWeld Solution x @ Creep Strain

= Reaction Solu

B Nodal Loads

= Elem Table Data Value for computing the EQV strain
B Vector Data =

= Path Items -

CY I BRSSO R

PRINTU NODAL SOLUTION PER NODE
**%%% pOST1 NODAL DEGREE OF FREEDOM LISTING *****

LOAD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING DEGREE OF FREEDOM RESULTS ARE IN THE GLOBAL COORDINATE SYSTEM

NODE  UX uy uz USuM
1 0.21429E-001-0.28571E-001 0.0000 0.35714E-001
2 0.50000E-001 0.0000  0.0000 0.50000E-001
3 0.0000 -0.20023E-015 0.0000 0.20023E-015
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MAXIMUM ABSOLUTE VALUES
NODE 2 1 0 2
VALUE 0.50000E-001-0.28571E-001 0.0000 0.50000E-001

To list element forces use

‘Main Menu

1 General Postproc
& Data & File Opts 1
= Results Summary 3 Item to be listed
@ Read Results 0
@ Failure Criteria
@ Plot Results

| ® |

@ Total Mechanical and Thermal Strain
@ Swelling strain

s @ Energy

@ List Results @ Error Estimation
& Detailed Summary @ Failure Criteria
B Iteration Summry @ Structural Forces
& Percent Error @ Structural Moments
= Sorted Listing @ All Available force items
= Nodal Solution @ Geometry
=IElement Solution| o Line Element Results
B Superelem DOF L JElement Results|
@ SpotWeld Solution * @ Body Temperatures
B Reaction Solu @ Miscellaneous Items

= Nodal Loads

@ Elem Table Data
B Vector Data

& Path Items

& Linearized Strs

PRINT ELEM ELEMENT SOLUTION PER ELEMENT
**A%% POST1 ELEMENT SOLUTION LISTING *****

LOAD STEP 1 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

EL= 1NODES= 2 3 MAT= 1 XCYCZC= 0.000 0.2000 0.000 AREA=0.10000E-01
FORCE=0.71511E-16 STRESS= 0.71511E-14 EPEL= 0.71511E-16
TEMP= 0.00 0.00 EPTH= 0.0000

EL=  2NODES= 3 1MAT= 1 XCYCZC=0.8000 -0.6000 0.000 AREA=0.10000E-01
FORCE=-0.11796E-15 STRESS=-0.11796E-13 EPEL=-0.11796E-15
TEMP= 0.00 0.00 EPTH= 0.0000

EL= 3 NODES= 2 1MAT= 2 XCYCZC=0.8000 0.8000 0.000 AREA=0.10000

FORCE= 0.0000 STRESS= 0.0000 EPEL= 0.0000
TEMP= 0.00 0.00 EPTH= 0.0000

These are the correct forces

FEM Page 11

LINK180

LINK180

LINK180

Incorrect forces



The exact solution of this statistically-determinant structure is obtained here (forces do not depend on E and A)

Truss Example: Direct solution method

| S

@ Since this is a statically determinate structure, we can easily solve the forces and verify our FEM forces

Y¥Fp=0 = Rj-F=0 = R)=1 (399a)
2 9 4

EMpy, =0 = 28R]-16F=0 = Rj=-=05714 (399b)
s 2 3 3 1 =

YFi=0 = Ri+Ry=0 = Rj=--=-05714 (399¢)

SF; =0(fin2) = R} 4+-T°2=0 = T°2=-—==-0.7143 (399d)
" P " 3

XFy =0(Gnz) = T1+-T"°2=0 = T°1= - =0.4286 (39%)
5 7

€ 1 &
YF1=0(@n;) = —--T2-— =0 = = —v/2 = 0.8081 (399f)
" 75 -
2 ¥ 327/ 456

2nd problem
2D elasticity

Problems with 2D / 3D elements:
We create the geometry and apply BC (supports, loads), ... on
geometry not on element nodes
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Define the element

Main Menu
1 Preferences
| Preprocessor

= Element Type
=]Add/Edit/Delet:

&= Switch Elem Type

= Add DOF
= Remove DOFs

&= Elem Tech Control

= Real Constants
@ Material Props
= Sections
= Modeling
= Meshing
@ Checking Ctrls

Defined Element Types:

Library of Element Types

Library of Element Types Structural Mass | |Quad & node 182 -
Link
Beam Brick 8 node 185
Pipe 20node 136
concret 65 s
Shell
Solid-Shell ¥|| 8nodets3

Element type reference number

fain Menu
1Preferences

| Preprocessor
e Element Type

=]Add/Edit/Delet

B Switch Elem Type

= Add DOF
= Remove DOFs

= Elem Tech Control

@ Real Constants

@ Material Props

@ Sections

@ Modeling

@ Meshing

@ Checking Ctrls

@ Numbering Ctris

@ Archive Model

® Coupling / Ceqn

@ Loads

@ Path Operations
1 Solution

Defined Element Types:
pe 1 PLANE183

5 PLANE1E3 element type options

Options for PLANE183, Element Type Ref, No. 1

Element shape K1 :;adn ateral

Element behavior K3

Element formulation K6

NOTE: Moced formulation is not valid with plane stress) Pl
Genrl plane strn v

oK Cancel

Add...

Delete
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