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Example — Plate
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Objective: E = 210000N/mm?®
Plot the P-U curve for the nonlinear behaviour v =03
Tasks: a =200mm
Model the geometry b =100mm
Run a static linear analysis with Prestress On t=1mm
Run an eigen-buckling analysis p =70N/mm

Run the nonlinear analysis
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Example — Plate

* Nonlinear buckling analysis in ANSYS is somewhat
simpler than eigenvalue buckling analysis since there is
only one solution step; however, it can require more than
one load step in solution. In general, a nonlinear buckling
analysis is simply a nonlinear static analysis in which the
load is increased until the solution fails to converge,
Indicating that the structure cannot support the applied
load (or that numerical difficulties prevent solution). If the
structure does not lose its ability to support additional
load when it buckles (the plate we are analyzing is an
example of such a structure), a nonlinear buckling
analysis can also be used to track post-buckling
behavior. We will not carry out post-buckling analysis
here because of uncertainty in the validity of the results.

ANSYS Example0541 3
Computational Mechanics, AAU, Esbjerg



Example — Read input from

Load the example0505.lgw by File Menu > Read input from
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Example - Plate

il
ELEMENTS
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Example — Define Loads

Solution > Define Loads > Apply > Structural > Pressure > On lines

Apply PRES o

I\ Apply PRES on lines

[SFL] Apply PRES on lines as a ICunstant value

If Constant value then:

YALUE Load PRES walue I °®

If Constant value then:
Cptional PRES values at end 1 of line
{leave blank for uniform PRES
Yalue

+ pick @&—trpick Select the
{* zingle {~ Bod Ieft and
" Polygon ¢ Circle :
i Loop : i rlght
. straight line
Maximum = &
Minjmum = 1
B Enter 70
¢ Lizt of Ttems
- Min, Max, Inc
|
0E @ Epprdy
Reset | Cancel Press OK
Pick All|  Help to finish

Note: Pressure acts normal and

ANWERY to a surface _
Computational Mechanics, AAU, Esbjerg

————@ Ok | apply | Cancel | Help |
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Example - Plate

1
ELEMENT3
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Example — Define Loads

Solution > Define Loads > Apply > Structural > Force/Moment > On Nodes
Note: If the model is remeshed all loads will be deleted with the element nodes

Apply F/M

* pick @ R ) 7y e 4

1
ELEMENTS

{* zingle {" Box

g1 L IURS Select indicated element node

~

I
[}

Count
Maximuam 171

Minimuam

[} [} ]
=

Node Mo.

{* List of Items

(" Min, Max, Inc

0E @ Apply

Beset Cancel
Pifgk All Help
— Press OK
ANSYS Example0541 8
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Example — Define Loads

Solution > Define Loads > Apply > Structural > Force/Moment > On Nodes

ANSYS
Computational Mechanics, AAU, Esbjerg

Change to FZ

I\ Apply F/M on Nodes | x|

[F] &pply Force Moment on Modes

Lab  Direction of force/marm e IFv 25
dpply as Fi e =
If Constant value then: F7
YALUE  Forcefmoment value '
(a4 OJ Apply Cancel [ Help |
Press OK to finish Enter 0.1
Example0541




Example — Analysis Type

ANSYS Main Men @

Preferences
Preprocessor

B Solution
B Analysis Type m New Analysis ) ﬁl

EEE;::;EWS'S o [ANTYPE] Type of analysis

= lponnes @ Static. e

ExpansionPass

Analysis Options " Modal
Define Loads  Harmonic
Load Step Opts
gh;,'sic:s " Transient
olve
FLOTRAN Set Up " Spectrum
Run FLOTRAN _ _
FSI Set Up " Eigen Buckling

Abridged Menu
General Postproc
TimeHist Postpro

Topological Opt =
ROM Tool | OK | Cancel | Help |

Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor

B Finish —— Press OK Select Static —

" Substructuring

A Example0541
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Example Load Step Opts

ANSYS Main Menu I\ Time and Substep Options
== d Substep Options
Preferences E okl [ ke
Preprocessor [TIME] Time at end of load step I 0 ® I E nter 70
B Solution [NSUBST] Mumber of substeps | °
Analysis Type [KBC] Stepped or ramped b.c. Enter 3

Fast Sol'n Optn
Define Loads
E Load Step Opts  Stepped
Output Ctris
Solution Ctrl
B Time/ Frequenc
Time - Time Step  OFF
¥ Prog Chosen

Nunhne_ar [MSUBST] Maxirnurm no. of substeps I

* Ramped

[AUTOTS] Automatic time stepping
0N

ExpansionPass

Other Minimum no. of substeps

Reset Options Use previous step size? ¥ Yes

Read LS File

write LS File [TSRES] Time step reset based on specific time points

Initial Stress Time paints fram :
Physics % Mo reset
Solve " Existing array
FLOTR.AN Set Up S
Run FLOTRAN
FSI Set Up MNote: TSRES command is valid for thermal elements, thermal-electric
ADAMS Connection elerments, thermal surface effect elernents and FLUID116,

Ahridged Menu or any combination thereof,
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt —

Prob Design
Radiation Opt Ll ﬂl Llpl
Run- TIITIE Stats d

[P — -
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A

AMNSYS Main Menu

B

+ |

Preferences
Preprocessor
Solution
Analysis Type
Define Loads
E Load Step Opts
Output Ctrls
Other
Reset Options
Read LS File

rite LS FilejPy
Initial Stress
Solve
FSI Set Up
ADAMS Connection
Unabridged Menu
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

|

]

Fl\write Load Step File

[LSVWRITE] Wirite Load Step File (Jobname.Sn)
LSHUM Load step file number n

Ok

® Apply

Cancel |

Exgmple — Loadstep file

Computational Mechanics, AAU, Esbjerg

— Press OK
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Enter 1 —
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Example — Define Loads

Solution > Define Loads > Apply > Structural > Pressure > On lines

Apply PRES o

I\ Apply PRES on lines

[SFL] Apply PRES on lines as a ICunstant value

If Constant value then:

YALUE Load PRES walue I °®

If Constant value then:
Cptional PRES values at end 1 of line
{leave blank for uniform PRES
Yalue

¢ e 6—Fmmik | Gelect the
{* Single " Baoj Ieft and
- Polygon (™ Cipele .
i Loop : i rlght
e straight line
Maximuam = 5
Minimum = 1
Line Ho. = 2 Enter 80
{* List of Items
- Min, Max, Inc
|
0E @ Aty
Beset Cancel PreSS OK
Pick ALl Help to finish

Note: Pressure acts normal and

ANWERY to a surface _
Computational Mechanics, AAU, Esbjerg

————@ Ok | apply | Cancel | Help |

Example0541
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AMSYS Main Meriu

arences

rocessor

tion

1alysis Type

st Sol'n Optn

sfine Loads

Settings

Apply

Delete

All Load Data

B Structural
Displacement
B Force/Moment

# On Node Components
Pressure
Temperature
Inertia
Section
Dther

Fluid-5truc Intr
Initial Condit'n
Load Yector
Operate

ad Step Opts
ysics

e

OTRAN Set Up

m FLOTRAMN

I Set Up

JAMS Connection
widged Menu

wal Postproc

KR [ +]

#1 On Keypoints
AT e

El

Il

% pick Tpic

i+ Bingle i~ Box

" Polygon {" Circle
[ Lo

Count = 0]
Maximum = G651
Minimuam = 1
Node Mo, =

{¥ List of Items

- Min, Max, Inc

E)élample — Delete Load

Select the node with FZ force

I\ Delete F/M on Nodes
[FOELE] Delete ForceMoment on Modes
Lab Forcefmarment to be deleted

_O 04 | apply |

ALL

Cancel |

og @ IFp LI

Reset Cancel

Pick All Help

ANDTO

Example0541

Computational Mechanics, AAU, Esbjerg

— Press OK
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Example — Output Citrls

ANSYS Main Menu @|

Preferences -
Preprocessor Iterm Item to be controlled

E Solution . .
Analysis Type FREQ File write frequency
Fast Sol'n Optn " Reset
Define Loads
Bl Load Step Opts = Mone

Bl Output Ctris _ _
Solu Printout s All At time points
Grph Solu Track etto
DB,/ Results Filelll 4 " Last substep
Show Status

&+ Every substep @

PGR File

Incl Mass Summry " Every Mth substp
Integration Pt

Solution Ctrl Yalue of M I

Time,/ Frequenc

Nonlinear {lUse negative M for equally spaced data)

ExpansionPass

Other

Reset Options Crhame Component name - ® I Al entities d

Read LS File

Write LS File - for which above setting is to be applied

Initial Stress
Physics

Solve
FLOTEAN Set Up e ."5".[IIIII|':." CLEEll Llpl

Run FLOTRAN

FSI Set Up

ADAMS Connection

Abridged Menu
General Postproc Press OK Select Every substep —
TimeHist Postpro
Topological Opt d

AN_<| | Example0541 15
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Example Load Step Opts

ANSYS Main Menu I\ Time and Substep Options

Preferences Time and Substep Options

Preprocessor — [TIME] Time at end of load step I 0 @ | E nter 80
B Solution [NSUBST] Mumber of substeps | °

Analysis Type [Bc]  Stepped dis
Fast Sol'n Optn B — Enter 10

Define Loads
E Load Step Opts  Stepped
Output Ctris
Solution Ctrl

B Time/ Frequenc
Time - Time Step  OFF
¥ Prog Chosen

[AUTOTS] Automatic time stepping
0N

Nunllne_ar [NSUBST] Maximum nao. of substeps
ExpansionPass

l—
Other Iinimum na. of substeps l—. ] Enter 10

Reset Options Use previous step size? ¥ Yes
Read LS File
write LS File [TSRES] Time step reset based on specific time points In case
Initial Stress Time points from : ANSYS
Physics & Mo reset .
Solve " Existing array deCIdeS to
E FLOTRAN Set Up C New aray perform
Run FLOTRAN .
F5I Set Up Mote: TSRES command is valid for thermal elements, thermal-electric automatlc
ADAMS Connection elements, thermal surface effect elements and FLUID116, t|me
Ahridged Menu or any combination thereof, .
General Postproc Stepplng
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt —
Prob Design
Radiation Opt Ll Cancel | Help |
Run- TIITIE Stats d
= o —_—
+ | +]
fl—— Example0541 16

Computational Mechanics, AAU, Esbjerg



A

AMNSYS Main Menu

B

+ |

Preferences
Preprocessor
Solution
Analysis Type
Define Loads
E Load Step Opts
Output Ctrls
Other
Reset Options
Read LS File

rite LS FilejPy
Initial Stress
Solve
FSI Set Up
ADAMS Connection
Unabridged Menu
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

|

]

Fl\write Load Step File

[LSVWRITE] Wirite Load Step File (Jobname.Sn)
LSHUM Load step file number n

Ok

® Apply

Cancel |

Exgmple — Loadstep file

Computational Mechanics, AAU, Esbjerg

— Press OK

Example0541

Enter 2 —

17



Example - Solve

Solution > Solve > From LS Files

I\ Solve Load Step Files i X|

[LSSOLYE] Solve by Reading Data from Load Step (LS) Files

LSMIM Starting LS file number I P | Ent 1

LSMax Ending LS file number I o ner

LSINC File nurmber increrment |1
Enter 2

—® Ok Cancel Help
Press OK
ANSYS Example0541 18
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Example — Read Results

ANSYS; Main Menu @|

Preferences

General Postproc > Plot Results > Deformed Shape
Preprocessor

Solution m Plot Deformed ShﬂpE ﬁl

B General Postproc
Data & File Opts [FLDISF] Flot Deformed Shape

Results Summary KUND Items to be plotted
ER-ead Result-|RN | | (O, @000

First Set @ Def shape only
Mext Set
st e " Def + undeformed @——

E Last Set
B:SPiclf " Def + undef edge
By Load Step
By Time/Freq
By Set Number

FLOTRAN 2.1A oK | Apply | Cancel | Help |
Failure Criteria
[ ]

Plot Results

List Results
Ouery Results
Options for Dutp
Results Yiewer
Write PGR File

NodalColes. Select “Def+undeformed”
Path Operations e and PreSS OK

Load Case
Check Elem Shape |
Write Results

ROM Operations
Submodeling
Fatigue

Safety Factor
Define,/Modify j
[— =y .

1 |+

ANSYS Example0541 19
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Example — Contour Plot

1
NODAT 3CLUTICN

ANSYS Example0541
Computational Mechanics, AAU, Esbjerg

20



Example — Read Results

ANSYS; Main Menu @|

Preferences

General Postproc > Plot Results > Deformed Shape
Preprocessor

Solution m Plot Deformed ShﬂpE ﬁl

B General Postproc
Data & File Opts [FLDISF] Flot Deformed Shape

Results Summary KUND Items to be plotted
ER-ead Result-|RN | | (O, @000

Fict et o EDEF shape only

Next Set

Previous Set. | " Def + undeformed @——
E Last Set
B:SPiclf " Def + undef edge
By Load Step
By Time/Freq
By Set Number

FLOTRAN 2.1A oK | Apply | Cancel | Help |
Failure Criteria
[ ]

Plot Results

List Results
Ouery Results
Options for Dutp
Results Yiewer
Write PGR File

NodalColes. Select “Def+undeformed”
Path Operations e and PreSS OK

Load Case
Check Elem Shape |
Write Results

ROM Operations
Submodeling
Fatigue

Safety Factor
Define,/Modify j
[— =y .

1 |+

ANSYS Example0541 21
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Example — Define Variables

ANSYS Main Menu o

W

Defined Time-History ¥ariables

Preferences
Preprocessor
Solution Yariable Type Elem Mode Item Comp Mamea
General Postpr i TIME TIME
B TimeHist Postpi

Yariable Yiex

Settings

Store Data

Read LSDYM,

List Yariable

List Extreme

Graph Variak

Math Dperat

Table Dperal

Smooth Dat:

Generate Sp

& Reset Postpi Add....ll Edit... | Delets |

Topological Opt

Currently Defined Specifications:

ROM Tool
Design Opt Close | Help |
Prob Design

Radiation Opt
Run-Time Stats
Session Editor
= Finish

FEEREEEEE

Press Add

<] |21 Example0541

Computational Mechanics, AAU, Esbjerg
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Example — Add Tlme History Var.

NVAdd Time- -History Variable
Twpe of variable

" Element results
... by seq no.

" Reaction forces
" Gap Force data

" _Solution summar:

Help |

ok @ II =areet II

Pick the FZ node

| Define Nodal

® % pick - Tnpick

Select Nodal O single Q) was
DOF result € Polygon € pirale

e Lionog

Count = A
Press OK — i

Minimum = 1

Node Ho. = z

{* List of Items

l\Define Nodal Data x|
[MSCL] Define Modal DOF variable - PreSS OK i~ Min, Max, Inc
MWAR Ref number of variable I'b
NODE Mode number Ig Il
Name User-specified label I
Itern,Comp Data iterm Translation X ® ox Apply
L
I Uz [ Reset Cancel
Rotation REOTX
| ROTY =l Pick ALL Help
ITransIatiDn 1
I DOF solution
Ok, .J Cancel | Help | Se eCt O SO Ut 0
and Translation UZ
ANSYS —— Press OK Example0541 23
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Example — Add Time-History Var.

Defined Time-History Yariables |

Currently Defined Specifications:

Yariable Type Elern Mode Iterm cormp Marme

1 TIME TIME
add.., @ Edit... | Delete |
Cloze | Help |
Press Add

ANSYS Example0541 24
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ARSYS Main Menu

Example - Settings

AMNSYS Main Menu

Preferences
Preprocessor
Solution
General Postpro
B TimeHist Postprc
Variable View
B

File

Data

List

Graph
Store Data
Define Variabl
Read LSDYNA
List Variables
List Extremes
Graph ¥ariabl
Math Operatic
Table Operatii
Smooth Data
Generate Spe
Reset Postprc
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

FAmEeEE®E

+

AINO T O

Preferences
Preprocessor
Solution
General Postproc
B TimeHist Postpro
Variable Yiewe
B Settings

File

Data

List

Grap
Store Data
Define Yariable
Read LSDYMNA [
List Variables
List Extremes
Graph Variable
Math Operation
Table Operatiol
Smooth Data
Generate Spec
Reset Postpro
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

rEpEEE®E

[FLTIME] Time {or frequency’ range for graphs
THIM - Minimurm time

ThMaAX  Maximum time

Graph Settings

|

[¥MAR] ¥-axis variable

Single variable na.

& Time (or freq)
" 4l variables

Select
Single
variable to
plot on X-
axis

" Single variable @
o

[VARMAM] Mames (or renames) a variable

IR Yariable number
Mame Yariable name for -

- for lists and graphs

[SPREAD] Optional tolerance -

- defining dashed tolerance curve

T

[PLCPLX] Complex variable -

- part to be graphed tharmonic analysis only)

Iﬁmplimde

| M
)4 .I oY |

o ﬂl Help |

+ |

= Example0541

Computational iviculiainus, ARV, awjclg

Enter 2 to
plot UZ
for the top
node on
the X-axis

Press OK
|
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Example — Style - Graph

FPan foom Fotate ...
Yiew Settings »

Mumbering ...
Syrrbols ..

Enter Deformation UZ

Enter Force FZ

Hidden Line Options ...
Size and Shape
Edge Cpfions

Font Controls r
Window: Controls r
Erase Options »
Animate L
Annotation r

I\ Axes Modifications for Graph Plots

Device Dptions ...
Redirect Plots »
Hard Copy »

Cortours r
Graphs YWiewing Contral
Colors F Modify Curve .
Modify Grid ..
Light Source ... l _ﬁ'f
Modify Axes S

Translucency

Select Anho/Gr:

Save Plot Cirls ..
Festore Plot Cirls ...
Feset Plot Cirls

Texturing
Background 4
Fultilegend Options *

Floating Paint Farmat ...

Capture Image ...
Festore Image ...
Wirite Metafile »

Displacement Scaling ...
Vector Arrow Scaling ...

Multi-Plot Contrals ..
Mult-W indow Layvout ..,

Shell Mormals ...
Solid Model Facets ..

LD b

[FE¥LAB] ¥-axis label 1 l P
[fa¥LAB] Y-axis label I Py
[/GTHK] Thick of axes lm
[/GRTYP] Mumber of Y-axes |5iﬂ§I|E Veais j
[f#RANGE] ¥-axis range

& Auto caloulated

" Specified range
HMIN, xMAX Specified X range
[AYRAMGE] Y-auis range

& Autn calculated

" Specified range
LM, YA Specified ¥ range - I I
MU - for Y-auis number Il j
[/GROPT],ASCAL Y ranges for - IIndividuaI cales j
[fGROPT] Axis Confrols
LOGX  x-axis scale lm
LOGY  ‘Y-axis scale lm
AXDN Axis divisions ¥ On
AXMM Axis scale numbering on - back plane j
AXNSC  Axis number size fact
OIz1  Signif digits before -
OI2 - and after decimal pt

¥AXO ¥-axis offset [0.0-1.0]

Symmetry Expansion

k

Best Quality Image »

ANSYS

—.OKl

Press OK ———

Apply |

Cancel

][

Example0541
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Example — Graph Variables

AMNSYS Main Menu

B

rrrEEE

|

A

Preferences
Preprocessor
Solution
General Postproc
TimeHist Postpro
Variable Viewer
B Settings

File

Data

List

Graph
Store Data
Define Variables
Read LSDY¥NA Data
List Yariables
List Extremes
Math Operations
Table Operations
Smooth Data
Generate Spectrm
Reset Postproc
Topological Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

|+

MYaR2  2nd variable

MWAR3Z  3rd variable
My AR4 b variable
MWWaRS  Sth variable
MywARG  &th variable
MYART  Fih varizble
MWWARE  Bth variable
MWARD  Sth varizble

MYaR10 10th variable

Ok @

1st variable to graph

Apply |

I\ Graph Time-History Variables

[FLv&R] Graph Time-History Yariables
M AR L

Cancel |

LTS

Help |

Corﬁpljtational Mechanics, AAU, Esbjerg

Example0541

— Press OK

Enter 1 to plot
the reaction
force FZ on the
Y-axis
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