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Objective:

Plot the P-U curve for the nonlinear behaviour
Tasks:

Obtain a static solution including prestress
Obtain a buckling solution

Include imperfections using Update Geometry
Run the nonlinear analysis
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Example — Cantilever beam

E = 210000N/mm?
v =0.3

L = 5000mm
a = 250mm
b =450mm
c =10mm

d =20mm

e = 15mm
f=350mm
F=?



Nonlinear - Solution Phases

 Tasks
— Run a static analysis with Prestress ON

— Run a Eigen Buckling analysis with a unit load
« ExpansionPass ON

\Iféfesta” — Save the model
L. — Finish the Solution process
— Plot results

— Update geometry for a relevant buckling mode

— In place of the unit load apply a load with a magnitude of the
buckling load found for a relevant buckling mode

— Run a static nonlinear analysis
— Plot appropiate deformations vs. forces
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Example — Read Input from..

Enter example0504.Igw if

Clear & Start Mew ...
Change Jobname ...
Change Directory ...
Change Title ...

Fesume Jobname.dhb ...

Fesume from ...

Save as Jobname.db
Save as ...
Wirite OB log file ...

Read Input frorm ...
Sifch Ciufout 1o

List
File Operations

AMSYS File Options ...

Irmport
Export ...

Feport Generatar ...

Exit ...

L

ANSYS

R ead input from

[

model

Drigectaries:
AL hanzpzhmdl-ibstmp

exarmpled] Dﬂ-genm.lgnﬁ;l
exampled1 00-load. gw
examplel 00-pozt. lgw
exampledl Dﬂ-pust-kppi—l
example? 20-gearm. lgw
examplell 20-geom-kp.
example500-gearn. lgw

fle. adpt ~|

Lizt Filez of Type:

[=r arsys
= mdHit

[=r & -
[= uzers
[=r ask
[= mech
=i

Dirives:

[ &0 Files [+ =]

Dptional line number or label

IEC: ;I

Ok @

available otherwise rebuild the

Cancel |
Help |

M etwork...

™ Copy input to databaze log
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Example - Update Geom

AN\ Update nodes using results file displacements

ARSYS Main Mernw

Preferences
Ereprocessor
Element Type
Real Constants
Material Props
Sections
rModeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqgn
FLOTRAN Set Up
FSI Set Up
Loads

Physics

Path Operations
Solution

General Postproc
TimeHist Postpro
Topological Opt
ROM Tool

Design Opt

Prob Design
Radiation Opt
Run-Time Stats
Session Editor

= Finish

ArrEEEEEA

— el

[UPGEECM] Update nodal coordinates using results file nodal displacements

FACTOR Scaling factor 1 e
LSTEF Load StE[:I B PreSS OK IL.":".ST [ W—

SBSTEF Substep ILgST —

Filenarne, Extension, Dirgotory I

oK @ Apply | Cgnce |

Brouse, . |0—
Help |

Upda.te Geom @
Meshing

Checking Ctrls

Numbering Ctrls Enter 1
Archive Model
Coupling / Ceqgn

FLOTRAN Set Up Enter 1 —
FSI Set Up

Bl Loads Enter 0.1 —

Physics

Path Operations
Solution

General Postproc

TimeHist Postpro Browse to find Example0504.rst

Topological Dpt

ROM Taol . or Example0511.rst

Nesinn Nnt

ANSYS

Example0511
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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 Example0511
Computational Mechanics, AAU, Esbjerg




Example — Define Loads

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

Apply F/M on |

& pick @—Urprer—
v Single { Box

" Polygon {~ Circle
[ Loop

Count = 0

Maximum = 2

Minimmm = 1

EeyP HNo. =

{¥ List of Items

- Min, Max, Inc

Select keypoint 2

Change to FY

Fl\ Apply F/M on KPs
[FK] Apply Force/Moment on Keypoints
Lab  Direction of force/mom

ol

X1

Apply as ICnnstant value

CE @ Eppty
Feset Cancel
Pick A11 Help
ANSYS

If Constant value then:

VALUE Force/moment value I

oK Tl Apply Cancel | Help

El

Press OK to finish Enter -340000

Example0511
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Static solution — Analysis Options

AMSYS Main Menu AMSHS Main Menu @l
Preferences Preferences
Preprocessor Preprocessor
B Solution B Solution
E Analysis Type E Analysis Type
New Analysis New Analysis
Restart Restart
Sol'n Controls Sol'n Controls @
Define Loads ExpansionPass
Load Step Opts Analysis Options I — Select SO|’n CO ntro|s
Solve Define Loads
F5I Set Up Load Step Opts
® = unabridged Menu Physics
H General Postproc Solve
[ TimeHist Postpro FLOTRAMN Set Up
[© Topological Opt Run FLOTRAN
E ROM Tool FSI Set Up
| Design Opt Abridged Menu
H Prob Design General Postproc
[ Radiation Opt TimeHist Postpro
H Run-Time Stats Topological Opt
B Session Editor ROM Tool
& Finish Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish
If not activated
activate the
Unabridged menu
| Example0511
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Example — Solution Controls

Solution Controls ) x|

Basic ] Transient ]Sol'n [}ptions] Monlinear ]Hdvanced NL]

— Analysis Options

[T Calculate prestress effects

— Time Control

Time at end of loadstep |III

Automatic time stepping IPrng Chosen j

— Write tems to Results File

i Al solution items @&———

" Basic quantities

" User selected

Element Modal !

' Number of substeps Frequency:
- o—
Time increment IWrite last substep only j
Mumber of substeps |'3I b where N = |1
Max no. of substeps |U
Min no. of substeps |U
ok Cancel Help |
ANSYS Example0511
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Change to Large
Displacement
Static

Select All
solution items

Select Write every
Nth substeps

Enter 30



Solution Controls [N

— Termination Criteria

Program behavior upon
nonconvergence:

Terminate analysis and Exit j

Limits on physical values to stop
analysis:

Basic ] Transient ]Sol'n [}ptic-ns] Nonlinear — Advanced NL]

x|

— Arc-length options

W :Activate arc-length method @

Max multiplier 0
Min multiplier 0

Arc-length termination:

LT

Modal DOF sol'n II:I IDI:I not terminate analysis
Cumulative iter IIII Displacement limit 0
Elapsed time I':' Pick node
CPU time IEI
Or. @ Carmcet HE||:I |
ANSYS Example0511

Computational Mechanics, AAU, Esbjerg

Example — Solution Controls

Activate the arc-
length method

Press OK
10



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_<| | Example0511 11
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Example - Solve

Solution > Solve > Current LS
x|

[SOLVE] Begin Solution of Current Load Step

Review the summary information in the lister window (entitled
"/STATUS Command"), then press OK to start the solution.

® [ Carcel Help

Press OK

ANSYS Example0511 12
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Example - Convergence
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Example — Plot - Lines

1

LINES
Replat TYPE MM
i}
Keypoints ¢ ROT
Areas
Yolumes

Specified Entities »

Modes
Elements
Layered Elements ...

Materials
Data Tables
Array Parameters ...

Results 4
Multi-Plots
Components »
ANSYS Example0511 14
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Example TlmeHlstoryPostpro

Time History Yariables - file.rst

AMNSYS Main MMenu

File Helm

Preferences -

Preprocessor r _| ﬁl _I EI El IN'I'HB = El il

Solution Variable List

Real

General Postproc

- MHarme Element  [Maode Result Ikem
Yariable Yiewer
Settings

Store Data
Define Variables
Read LSDYNA Data 4 |

I+linimum Waximum H-hxis

List Yariables

Calculator

List Extremes
Graph Variables
Math Operations

Table Operations ( ) I jl
Smooth Data

Generate Spectrm MM COM]  &™

Reset Postproc
Topological Opt

P& a+ib LM 7 g 9

CLEAR

ROM Tool RCL
Design Opt

Prob Design =TO LOG 4 3 8

Radiation Opt NS MEM SORT
Run-Time Stats
Session Editor 4BS | ATAM #2 il 2 3

AoEpEEEE

Finish INT1 IMAG

I DERIY | REAL 1]

Am-4=Zm

<] |21 Example0511

Computational Mechanics, AAU, Esbjerg

Close this dialog box ——

15




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 Example0511

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

Pick the right node
NVAdd Time- -History Variable g Define Nodsl
Twpe of variable |
skl 6 ]| @ ¢ Cna Come
Sl Select Nodal G
. !
s DOF result Pt gl
" Reaction forces  Loop
" Gap Force data
Count = 1
" _Solution summary PreSS OK S 5
Minimum = 1
| ] |
[0]% .I o= I HE||:I Weds We. = =
. f* List of Itens
I\ Define Nodal Data x|
[MSCL] Define Modal DOF variable _ PreSS OK _ " 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 U ® o Apply
L
I Uz Reset Cancel
Rotation REOTX
| ROTY =l Pick ALL Help
I Translation  LX
Eie) — — Select DOF solution
ance | elp | .
and Translation UZ
ANSYS —— Press OK Example0511 17
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Example — Add Time- Hlstory Var.

Defined Time-History Variables

Currently Defined Specifications:

Yariable Type Elem Hode Item Camp Hame
1 TIME TIME

add. . @ Edit... | Delets |
Cloze | Help |

Press Add

ANSYS Example0511 18
Computational Mechanics, AAU, Esbjerg



Example — Add Time-History Var

NVAdd Time- -History Variable
Twpe of variable

& Hlodal DOF re
" Element results
... by seq no.

" Reaction forces

" Gap Force data

" _Solution summar:

Of @ II ot ll HE||:I |

x|  Pick the left node
|
® % pick - Tnpick
Select Reaction D oo
forces € Folygon (7 girele
o— [ Lioap
Count = 0
Press OK ] Maximum = 1
Minimum = 1
Node Ho. =

I\ Define Reaction Force Variable x|

[RFORCE] Define Reaction Force Yariahle
MYAR Ref nurmber of variable

I 3
MODE Mode number I 1

MName User-specified label

Item,Camp Data itemn Struct force Fx

{* List of Items

— Press OK

I Struct force FX

(04 .J Cancel | Help |

Computational Mechanics, AAU, Esbjerg

(" Min, Max, Inc
— Press OK —
® i Apply
5h’uct¥oment WX T i Cancel
Pick All Help

Select Struct force FY

Example0511 19



Example — Add Time-History Var.

Defined Time-History Yariables X

Currently Defined Specifications:

Yariable Type Elem Mode Item Camp Harme
1 TIME TIME

2 MSOL 2 U Z LIz

Add... Edit... | Deleta |
Close@® Help |

Press Close

ANSYS Example0511 20
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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 |

+ |

= Example0511

Computational iviculiainus, ARV, awjclg

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

Press OK
|

21



Example — Style - Graph

FPan foom Fotate ...
Yiew Settings »

Mumbering ...
Syrrbols ..

Enter Deformation UZ

Enter Force FY

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 lahel 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

][

Example0511
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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

Example0511

— Press OK

Enter 3 to plot
the reaction
force FY on the
Y-axis
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Example - Graph

lPDSTZE ANSYS

FEE 20 2004
10:08:11

Fi

(xlO**z)
4000

2e00

2E00

Z300

z400

Z00o

1e00

1Z00

s00

400

u]

1.z z
. B 1.6

Deformation UZ

ANSYS Example0511
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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

Example0511

— Press OK

Enter 3 to plot
the reaction
force FY on the
Y-axis
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