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EIS&H chapter Overview

In this Appendix, performing an eigenvalue buckling analysis in Mechanical will be covered.

Mechanical enables you to link the Eigenvalue Buckling analysis to a nonlinear Static
Structural analysis that can include all types of nonlinearities. This will not be covered in this
section. We will focused on Linear buckling.

Contents:
A. Background On Buckling
B. Buckling Analysis Procedure
C. Workshop AppA-1
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FYSEHA. Background on Buckling

Many structures require an evaluation of their structural stability. Thin columns,
compression members, and vacuum tanks are all examples of structures where stability
considerations are important.

At the onset of instability (buckling) a structure will have a very large change in
displacement {Ax} under essentially no change in the load (beyond a small load
perturbation).

Fl F

Stable Unstable
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... Background on Buckling

Eigenvalue or linear buckling analysis predicts the theoretical buckling strength of an ideal
linear elastic structure.

This method corresponds to the textbook approach of linear elastic buckling analysis.
* The eigenvalue buckling solution of a Euler column will match the classical Euler solution.

Imperfections and nonlinear behaviors prevent most real world structures from achieving
their theoretical elastic buckling strength.

Linear buckling generally yields unconservative results by not accounting for these effects.

Although unconservative, linear buckling has the advantage of being computationally cheap
compared to nonlinear buckling solutions.
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LWNYEH ... Basics of Linear Buckling

For a linear buckling analysis, the eigenvalue problem below is solved to get the buckling
load multiplier A; and buckling modes y;:

 (KI+AlsDiv -0

* [K] and [S] are constant:
— Linear elastic material behavior is assumed
— Small deflection theory is used, and no nonlinearities included

It is important to remember these assumptions related to performing linear buckling

analyses in Mechanical.
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I\LWNYSE B. Buckling Analysis Procedure

A Static Structural analysis will need to be performed prior to (or in conjunction with) a
buckling analysis.

- A - B

@l = Static Structural @ 7 Eigenvalue Bucking

2 & Engineering Data ~ ,——m 2 & EngineeringData +~

3 |§ Geometry v ,———m3 | Geometry v

4f@MﬂdeI .................... ?‘, +|® Modd >

: IﬁSetup .................... = ‘ " 5 @ Setup >

6 & Solution 7 ‘/ 6 @3 Solution 7

7 @ Results 7 7 @ Results ¥
Static Structural Eigenvalue Buckling
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NLWNYEH ... Geometry and Material Properties

Any type of geometry supported by Mechanical may be used in buckling analyses:
* Solid bodies
* Surface bodies (with appropriate thickness defined)
* Line bodies (with appropriate cross-sections defined)
— Only buckling modes and displacement results are available for line bodies.

* Although Point Masses may be included in the model, only inertial loads affect point masses, so the
applicability of this feature may be limited in buckling analyses

For material properties, Young’s Modulus and Poisson’s Ratio are required as a minimum
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IA\W'NYSH ... Contact Regions

Contact regions are available in free vibration analyses, however, contact behavior will
differ for the nonlinear contact types exactly as with modal analyses.

(see chapter 8 of the Mechanical Introduction course for further details).

8

© 2015 ANSYS, Inc.

Contact Type Linear Buckling Analysis
Initially Touching Inside Pinball Region |Outside Pinball Region
Bonded Bonded Bonded Free
No Separation No Separation No Separation Free
Rough Bonded Free Free
Frictionless No Separation Free Free
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... Loads and Supports

At least one structural load, which causes buckling, should be applied to the model:

* All structural loads will be multiplied by the load multiplier (1) to determine the buckling
load (see below).

* Compression-only supports are not recommended.

* The structure should be fully constrained to prevent rigid-body motion.

F X A =Buckling Load
I

In a buckling analysis all applied loads (F) are
scaled by a multiplication factor (A) until the

critical (buckling) load is reached
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FYS&H --- Loads and Supports

Special considerations must be given if constant and proportional loads are present.

* The user may iterate on the buckling solution, adjusting the variable loads until the load multiplier
becomes 1.0 or nearly 1.0.

* Consider the example of a column with self weight W, and an externally applied force A.

* A solution can be reached by iterating while adjusting the value of A until A =1.0. This insures the
self weight = actual weight or W, * A = W,

D ¢A=1.D & ¢A=1DD € ¢A=111
‘Wu¢ Wu.* ‘Wu.*

A =100; no=1.1: ho=0.9%

F =100+ 100 Wo F=110+1.1 Wa F=110+ .9% W
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... Buckling Setup

Buckling analyses are always coupled to a structural analysis within the project schematic.
* The “Pre-Stress” object in the tree contains the results from a structural analysis.

* The Details view of the “Analysis Settings” under the Linear Buckling branch allows the user to
specify the number of buckling modes to find.

Project
=~ @ Model (A4, B4)
- A - B -, @@ Geometry
0 = static Structural o T Eigenvalue Bucking ki coordnate Sysiems
2 | & Engineering Data +~ ,———m 2 & Engineering Data B Mesh Dl o7 sl ST
=-,/=] Static Structural (A5) -/ Options
3 I‘]Geometry/ ..... 3 E e v 4 -, A Analysis Settings Max Mades to Find | 2.
4} @ Model W4 @ Model =4 /B Pressure * Solver Controls
..................... 9 Fxed Support +| Output Controls
3 @. Setup e ‘/ 5 @ setup 7 4 £1-@ Solution (A6) #| Analysis Data Management
6 | g5 Solution 7 4 6 G5 Solution 7 4 3] Solution Information
=- ;- Elgenvalue Buckling (B5)
7 7
@ Results - @ Results 7 4 ... 7 Pre-Stress (Static Structyfal)
Static Structural Eigenvalue Buckling
] Solution Information
. 2 -l Solver Controls
In the details view, under solver controls, user can Solver Type Program Controlied
- . . . Include Negative Load Multiplier | Program Controlled
include negative load multiplier. | Output Controls

+| Analysis Data Management
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... Solving the Model

After setting up the model the buckling analysis can be solved along with the static
structural analysis.

* A linear buckling analysis is more computationally expensive than a static analysis on the same
model.

* The “Solution Information” branch provides detailed solution output.

& Project 4 || ssx++ EIGENVALUES (LORD MULTIPLIERS FOR BUCKLING) ***%*
& @ Model (A4, B4) #+% FROM ANCZOS ITERATION ***
B, Geometry
= Coordinate Systems
A Mesh
Eﬁ Static Structural (AS)
: 7Y Analysis Settings
/AL Force
/i, Fixed Support
H-,/8 Solution (A6)
i 441 Solution Information
B~/ Eigenvalue Buckling (B5)
----- /=@ Pre-Stress (Static Structural)
Analysis Settings
glution (B6

SHAPE NUMBER LOAD MULTIFLIER

55755.631
557 831
491215.29
491215.29
1309290.6
1309290.6

ERLETtr

m

*%% ELEMENT RESULT CALCULATION TIMES
TYPE NUMBER ENAME TOTAL CE AVE CP

0.1a87 0.008914
0.000 0.000000

*%% NODAL LOAD CALCULATION TIMES

| e p—————— TYPE ~ NUMBER ENAME TOTAL CP AVE CP
/8 Total Deformation 2 1 21 BEAM1ZE 0.000  0.000000
i M Total Deformation 3 2z 3 CLOAD201 0.000  0.000000
i, Total Deformation 4 i
e it i
. - . N *+* ANSYS BINARY FILE STATISTICS
Details of "Solution Information ® || BUFFER SIZE USED= 16384
=/ Solution Information 0.125 MB WRITTEN ON ELEMENT MATRIX FILE: file.emat
Solution Output Solver Outpus 0.750 MB WRITTEN ON ELEMENT SAVED DATA FILE: file.esav
P! - P! 0.062 MB WRITTEN O EMBLED MATRIX FILE: file.full
Newton-Raphson Residuals |0 0.062 ME WRITTEN O AL MATRIX FILE: file.mode
Update Interval 25s 0.562 MB WRITTEN ON RESULTS FILE: file.rst
Display Points Al SdekkxkwrkRs 4% Trite FE CONNECTORS #%wkkkssx
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LWAHYEH ... Reviewing Results

After the solution is complete, the buckling modes can be reviewed:

* The Load Multiplier for each buckling mode is shown in the Details view as well as the graph and
chart areas. The load multiplier times the applied loads represent the predicted buckling load.

< B: Ei Buckling
Filter Name - 2 = el Total Deformation
= 3 Type: Total Deformation
&) Project .
N Load Multiplier: 55756
£l @) Model (A4, B4) Unit: mm
/& Geometry
>k Coordinate Systems 1.087 Max
s Mesh 096622
-2 Static Structural (A5) ggggzg
- 7N Analysis Settings 060389
% Force 048311
./ﬁ; Fixed Support | 036233
/&l Solution (A6) T 0.24155
i3] Solution Information 0.12078
- Eigenvalue Buckiing (B5) 0 Min

- /720 Pre-Stress (Static Structural)

S Analyss Set:;gs — .
=88 Solution (B6) FbUCkle (Fapplled X A«)

+-+,(3] Solution Information

-/ Total Deformation 2
+-- Total Deformation 3
+~,/4 Total Deformation 4 L

Details of "Total Deformation” L
= Scope
Scoping Method |Geometry Selection Graph # | Tabular Data
Geometry All Bodies = = e T
= Definition Animation | m | 11 Q Mode “7 Load Multiplier
Type Total Deformation . 11 55756
Meode 1 13093¢-6 22, 55756
entfier Les 3]3. 49122e+005
Suppressed No SHES : £
=l Results 5.6-5 144 4.9122e+005
Load Multiplier | 55756 I I 3|5 1.3093e+006
Minimum {9 ° 66, 13093e+008
Maximu m 1.087 mm 1234 356 ==
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LWAHEH ... Reviewing Results

Interpreting the Load Multiplier (7\,):

* The tower model below has been solved twice. In the first case a unit load is applied
an expected load applied (see next page)

i L

thassivs Ee— Total Deformation 5
14242007 11:30 AM oy Tyt Totsl Batermation
Load Multiplier: 12692

[&] Fixed Support Unit: m
[B] Force: 1. 1 122007 11:30 &M

~ 0.0027639 Max
0.0024568
0.0021497
0.0013426
0.0015355
0.0012284
0.00092132
0.00061421
0.00030711

= 0 Min

.
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NWNYEH ... Reviewing Results

Interpreting the Load Multiplier (A):

vipetails of "1st Buckling Mode" B uckl i ng Load — ﬂ/ * U N it B Load

= Scope
Geometry | &ll Bodies

= Resuits. — BucklingLoad =4

Load Multiplier ?29008

loemarmmanomeser — BUCKIINQLOAd = A * Actual _ Load

F Scope

\kGeomet}y I all Bodies -
&[Results ' BucklingLoad
TETOJ;B Multiplier |1.0003 — g = /1 = Safety _ FaCtOI’

Actual _Load
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IAWNYEH ... Reviewing Results

The buckling load multipliers can be reviewed in the “Timeline” section of the results under
the “Linear Buckling” analysis branch

* |tis good practice to request more than one buckling mode to see if the structure may be able to
buckle in more than one way under a given applied load.

Graph 2 Tabular Data
== —

Animation - | || @ 10 Frames = 2 Sec (Auta) - @l ® 3 Cycles Mode [I¥ Load Mutiplier
6. 1L 55756
1.3093e+5 22 55756
EXES 4.9122e+005
4 |4, 4.9122e+005
less 5 |5. 1.3093e+006
6 |6. 1.3093e+006
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Workshop Appendix A

 Workshop Appendix A - Buckling
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