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LINEAR BUCKLING ANALYSIS

Thin structures subject to compression loads that haven’ t achieved the material strength
limits can show a failure mode called buckling.

 This failure can be analyzed using a technique well known as linear buckling analysis.

 Linear buckling is a mathematic tool used to predict the theoretical buckling strength of an ideal elastic
structure. It is solved by first applying a reference level of loading, P, to the structure.

« A standard linear static analysis is then
carried out to obtain stresses which
are needed to form the geometric
stiffness matrix Kg.
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LINEAR BUCKLING ANALYSIS

» This new matrix is evaluated using the initial stiffness matrix augmented by the initial stress matrix
corresponding to the load specified in the static load step, multiplied with a factor that is determined
such that the resulting matrix has zero as its lowest Eigen frequency.

« The buckling loads are then calculated
by solving an eigenvalue problem:

[K-IK_|x=0

* The lowest eigenvalue A, is associated
with buckling and the critical or buckling
load is:

PCr — ﬂ“CrPRef




LINEAR BUCKLING ANALYSIS

The problem of linear buckling is solved in two stages:
« A standard linear static analysis is carried out to obtain stresses, which form the geometric stiffness

matrix .
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« The buckling loads are then calculated by solving the eigenvalue problem.

A subcase requires a STATSUB
card for a Buckling Analysis:

SUBCASE
SPC
LOAD

SUBCASE 2
SPC
METHOD

[ STATSUB

BEGIN BULK

EIGRL 4

FORCE

SPC

82 01.0 0.0 0.0

MASS
-1000.0
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HOW TO SETUP A LINEAR BUCKLING ANALYSIS

Name Value

Linear buckling analyses can be defined in seven steps: .
Step 1 — Generate a FEM model []
Step 2 — Set up material and properties o
Step 3 — Define the constraint load collector and the BCs m[] =

Step 4 — Define the loads e

EIGYRETRIEVE
EIGVSAVE

Step 5 — Define the EIGRL card

RADSMD
RESVEC

Step 6 — Define the linear buckling load case ST

Step 7 — Run and post process the results == %=
Narme EIGRL 0
o] 3
Color m g Made(Mag)
Include File [Master Model] o
Card Image EIGRL 1S Sysltem
User Comments Hide In Menu/Export 6
W1
W2
MO 1
MSGLYL
MaxSET
SHFSCL ,
MORM MASS \
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EXERCISE 5A: WING LINEAR BUCKLING ANALYSIS

File Name and Location
..\STUDENT-EXERCISE\5a Wing\wing.hm

Objectives (1/2)

This exercise runs a linear buckling analysis on a simple aircraft wing. This is a typical problem in
aerospace structures that need to be very light and consequently become slender. Because the
structure has a high slenderness ratio, the buckling failure verification becomes necessary.

The objective of this project is to determine if the 3 static load cases applied to the wing will cause
failure, the positive buckling factors should be higher than 1.5.

1. Open the model in HyperMesh Desktop
2. Review the model (control cards, components, properties, materials, load collectors & steps)
3. Run the static analysis in OptiStruct, review the results in HyperView and check if

+ Max. static displacement < 20 mm for all load cases.
* Max. von Mises stress < 70 MPa

4. Create a load collector buckling (card image EIGRL) and set the number of desired roots (ND)
to10andV1to 0.001 V4

)
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EXERCISE 5A: WING LINEAR BUCKLING ANALYSIS

Objectives (2/2)
5. Create the buckling load steps for each static load step
6. Run the analysis with OptiStruct

7. Review the .out file wrt warnings and errors and check if
the lowest A for each buckling subcase is > 1.5

8. Review contours of the buckling modes in HyperView
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EXERCISE 5A: WING LINEAR BUCKLING ANALYSIS

HlntS (1/4) Sessian | Model %|Exp.ort \

2. To review the model wrt components, properties s Q-
. . . R A -6y - » @@
and materials the component view in the model | ® b | | ©-f9-k 2T
. . Companents 1D Include s @~ Direct Property Indirect Property PID| Property Card Image Thickness Material | MID | Material Card |
browser is well suited. @ Tl 0@ [ ki 1 PSHELL 50 sminum 1 MAT'
Entities ID/@ Include ol B web 2 [ 0 ] web 2 PSHELL &0 aluminium 1 MAT1
-- :ﬁr Azzembly Hierarchy
Common control cards e
requests are set: SR ot
SCREEN and OUTPUT R R
=4 Load Collectars [4]
: -jn constraints 1 [ 1]
There are three static load ﬂ: polid- T
steps defined: e .
(1) pressure on skin DRt .
. SRR
(2) load on tip [ Mo o
(3) combination of both P
using LOADADD card e 'a o
“ediga web 2 1]
——
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EXERCISE 5A: WING LINEAR BUCKLING ANALYSIS

Contour Plot - Subcase 1 (PRESSURE) Contour Plot Subcase 2 (TIP) Contour Plot Subcase 3 (SUM)

H i ntS 2/4 Displacement{Mag) Displacement{Maq) Displacement{Mag)
Analysis system Analysis system Analysis system

0.450 13528 13676
H —_ 0.400 12025 12335
3. Max. displacement = 13.9 mm ko
— 030 — 9018 — 9251
0.250 7516 7709
(load case SUM) <20 mm | g
. — 0150 4509 4625
Max. von Mises stress = 12.25 MPa E E E
0.050 1503 1542
(load case SUM) < 70 Mpa
Max = 0450 Wax = 13.528 Max = 13676
’ H Grids 1766 Grids 1592 Grids 13
4. Use HyperMesh’s Quick Access Tool
srldf 927 gndé 927 Srld& 927
(C rtl+f ) to create -4 Load Cellectars [5]
’ B constraints 1@ 1] X X )4
an EIGRL card. W E peses 2 o ContourPlot Subcase 1 (PRESSURE)  Contour Plot Subcase 2 (TIP} Contour Flot Subcase 3 (SUM)
B tip_load kh | 1] Element Stresses (20 & 3D)(vonivlises, Max) Element Stresses (20 & 3D)(vonhises, Max) Element Stresses (20 & 3D)(vonivises, Max)
Note that With O O O 1 & su sl 0 Analysis systern Analysis system Analysis systern
. . 0644 11636 12246
V1 t' = () # buckling 5H o [ 05673 [ 10365 [ 10,807
aS n ega Ive = | nad Stene [R1 0.503 9.094 9,568
Name Value 0432 — 7823 — 8229
buckling factors Soverkeyed L | I | | et
Name buckling 0221 4010 4212
i 1 1 [ 9 0.151 2738 2873
(Ie Ioad Wlth OppOSIte Color [ ] Ennen Euerf Emt«m
H H Include File [Master Model] 0.010 0.198 0.195
dlreCtIon) are nOt Eard Icmaga t EI"SHIL — Max = 0544 Max = 11,538 Max = 12,248
H EFEF Lomments 1dE 11 M &N E Kport
consi d e red . o 0,001 i A e t1e6 o 108
20 2855 20 2891 20 2891
Y2 vz ¥ Z v
ND 10
eigr] “ MaGLVL

MAXEET
SHFSCL
NORM MASS




Hints (3/4)
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EXERCISE 5A: WING LINEAR BUCKLING ANALYSIS

5. As the three new linear buckling load steps only differ by STATSUB entry,
it is easier to create the first and use duplicate functionality for the others.

Name
Solver Keyword
Mame
D
Include
User Comments

Value

SUBCASE
BUCK_FPRESEURE
4

[Master Model]
Hide In kenu/Export

=/ Subcase Definition

=l Analysis type

Linear buckling

STATEUE (PRELOAD)

SPC (11 constraints
FAFC <IUnspecified>
STATEUBBUCKLING) (1) PRESSURE
METHOD [STRUCT) (5) buckling
DEFORM <Unspecified>

<Unspecified>

= SUBCASE OPTIONS

E..

i Load Steps [B]

- PRESSURE 1
TIF 2
SUM 3
BUCK_PRESSURE 4
BUCK_TIP 5

LABEL
SUBTITLE

=l ANALYSIS

TYPE

EIGYRETRIEVE
EIGWSAVE
ExCLUDE
POST
FADSMND
RESYEC
QUTPUT
SUBCASE_UNSUPPORTED

]
BUCK,

Name
Solver Keyword
Mame
D
Include
User Comments

Value

SUBCASE
BUCK_TIF

5

[taster Model]
Hide In Menu/Export

=/ Subcase Definition

= Analysis type

Linear buckling

SPC (1) constraints
[¥=la Linsnecified>
STATSUBEUCKLING) TP
METHOD (STRUCT) (5] buckling
DEFORM <Unspecified>

STATSUE (PRELOAD)

<Unspecified>

= SUBCASE OPTIONS

LABEL
SUBTITLE
= AMALYSIS
TYFE
EIGVRETRIEVE
EIGWSAVE
EXCLUDE
POST
RADSMD
RESWEC
QUTPUT

SUBCASE_UNSUPPORTED

i

=

£+ Load Steps (5]
L PRESSURE
TP

SUM

& 8-98aa

Name
Solver Keyword
Marne
D
Include
User Comments

BUCK_PRESSURE
BUCE_TIP
BUCK_ALL 3

1
2
3
4
5

Value

SUBCASE
BUCK_SUM

B

[Master Model]
Hide In Menu/Export

[= Subcase Definition

El Analysis type

Lingar buckling

SPC (1) constraints
MPC <Unspecified>
| STATSUB{BUCKLING) (31 SUM
METHOD (STRUCT) (5 buckling
DEFORM <Unspecified>
STATSUB (FRELOAD) <Ungpecified>
= SUBCASE OPTIONS
LABEL
SUBTITLE
=l AMALYSIS ]

TvFE BUCK

EIGYRETRIEYE

EIGYSAVE

ExCLUDE

FOST

RADSND

RESVEC

OUTPUT

SUBCASE_UNSUPFPORTED
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EXERCISE 5A: WING LINEAR BUCKLING ANALYSIS

. Subcase Compliance Epsilon
Hlnts (4/4) 1 .612521E+01 .177384E-11

1
.697079E+04 2.288366E-11
8

6. buckling factors A, = 10.0, A5 = 3.0, 2= 2.9, s0 4;> 1.5 e sl |
7. buckling modes 1 for load steps 4-6 P ? Enezgy :

(SRS

w ok

Subcase Mode Buckling Eigenvalue
9.998186E+01
1.005357E+02
1.165863E+02
1.180483E+02
1.414577E+02
1.512188E+02
1.538273E+02
1.563434E+02
1.623450E+02
1.677473E4+02
3.021708E+00
3.130405E+00
3.607863E+00
3.68T7046E+00
3.845368E+00
3.899962E+00
4.522865E+00
4.742450E+00
4,.932286E+00
5.006207TE+00
2.935746E+00
3.03821TE+00
3.525603E+00
3.575250E+00
3.T33972E+00
3.804011E+00
4_3B27T3E+00
4.643237E+00

.785382E+00 ,
.889105E+00 \

Contour Plot Subcase 4 (BUCK_PRESSURE) Contour Flot Subcase 5 (BUCK_TIP) Contour Flot Subcase 6 (BUCK_ALL)

Eggﬁgg Q”_V‘;f;r‘r["‘@ Mode 1 -F = 9.998186E+01 5;;‘;3 gggﬁw Mode 1-F = 3.021708E+00 Eggj‘;g gggg;mw Mode 1 -F = 2.935746E+00

1005 1.005 1.005
r 0893 0893 0893
/o782 £ 0782 &-0782
— 08670 — 0670 — 0670
0558 o 0558 o 0558
o iy iy
0335 g 0335 50335

0223 0223 0223
[L‘\‘J [uﬂz [u\u

000 0.000 000
Max = 1.005 Max = 1.005 Max = 1.006
Giids 1202 Grids 1279 Grids 1279

Min = 0.000 Win = 0.000 Iin = 0,000
Grids 927 Grids 927 Grids 927

=1 ool L R D W ] N s L R

[= TN - VR U O VR VR O e T I S I i
=1 N s L R RO W o

=
[=TNT-e ]
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QUESTIONS & ANSWERS

1. Which of the following describes linear buckling analysis?

a) Determining the natural frequency values of a structure undergoing
vibration.

b) Determining the factor by which a load must be increased before the
structure fails due to buckling

c) Determining the mode shapes of a structure undergoing vibration.
d) None of the above
e) a)andc)

2. What does a buckling factor less than 1 for a load case signify?
a) The structure would buckle under every load case in the analysis run
b) The structure will not buckle under at least one load case in the analysis

run
c) The structure would buckle under the selected load case in the analysis
run
d) The selected load case is partially reinforcing the structure in the analysis 4

run \
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