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WSS Workshop Appl — Linear Buckling

 Workshop WSApp1 - Linear Buckling

 Goal:

— Verify linear buckling results in Mechanical for the pipe model shown
below. Results will be compared to closed form calculations from a
handbook.
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Goals

The goal in this workshop is to verify linear buckling results in ANSYS Mechanical. Results
will be compared to closed form calculations from a handbook.

We will apply an expected load of 10,000 Ibf to the model and determine its factor of safety.

Finally we will verify that the structure’s material will not fail before buckling occurs.
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NWNYSE Assumptions

4

The model is a steel pipe that is assumed to be fixed at one end and free at the

other with a purely compressive load applied to the free end. Dimensions
and properties of the pipe are:

OD=4.5in ID=3.5in. E=30e6 psi, | =12.7 in?4,L=120in.

In this case we assume the pipe conforms to the following handbook formula
where P’ is the critical load:

(= ’LLE")

P=Ke

For the case of a fixed / free beam the parameter K = 0.25.
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WSS Assumptions

« Using the formula and data from the previous page we can
predict the buckling load will be:

2
p—0254| 7 ‘3096'212'771) — 65648.3Ibf
(120)
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S 9l Project Schematic

WS Project Schematic
(B Anayss systems

1. Double click Static Structural in the Toolbox &) Harmonic Response (ANSYS)
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NLWNYSE Project Schematic
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 When the schematic is correctly set up it should appear as shown here.

Project Schematic
- A - B
— -
1 . P
2 & EngineeringData + g2 & Engineering Data v 4 Share AZ:A4
3 |G Geometry P ,— M3 (@ Geometry = . IEhSTECAG
4§ Model T ——— W4 §@ Model F .
5 @ sewp ?,/5 @ setwp 7 .
6§ Solution = 6 |5 Solution = “Drop Target”
7 @ Results S 7 @ Resuts F .
Static Structural Eigenvalue Buckling

* The “drop target” from the previous page indicates the outcome of the drag
and drop operation. Cells A2 thru A4 from system (A) are shared by system
(B). Similarly the solution cell A6 is transferred to the system B setup. In
fact, the structural solution drives the buckling analysis.
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NLWNYEE Project Schematic

Verify that the Project units are set to “US Customary (lbm, in, s, F, A, Ibf, V).

Verify units are set to “Display Values in Project Units”.

File —Edit View Tools | Units  Help

| JNew [Fopen.. Al Sav  SI(kamsKANY)
Ibox Metric (ka,m,s,>C,&,M,)

& Physical Properties Metric {tonne,mm, s, °C,mé,N,m¥)
Linear Elastic I v U.5.Customary {lbm,in,s,°F,a,I1bF, V) I
Experimental Stress Strain D. U.5.Engineering {lbm,in,s,R, &, |bf,\)
Hyperelastic Metric {g,cm,s,*C,A,dyne,¥)

Plasticity y Metric (ka,mm, s, °C,ma,~,my})

- Life U.5. Customary {lbm,ft,s,F,a,1bF, )
aenoth Display Yalues as Defined

v Display Values in Project Units

Unit Systems...
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NWSSHE . . . Project Schematic

3. From the static structural system (A), double click the

Engineering Data cell.

4. To match the hand calculations referenced earlier,
change the Young’s modulus of the structural steel.

a. Highlight Structural Steel.

b. Expand “Isotropic Elasticity” and modify Young’s

Modulus to 3.0E7 psi.
C. “Return to Project”

Note : changing this property here does not affect the
stored value for Structural Steel in the General Material
library. To save a material for future use we would
“Export” the properties as a new material to the material

library.

4cC.
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Contents of Engineering & g;‘ 5 Description

Data
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wieh 5, Div 2, Table 5-110,1

Project @ A2:Engineering Data
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NWSSHE . . . Project Schematic

5. From the static structural system (A), RMB
the Geometry cell and “Import

Geometry”. Browse to the file “Pipe.stp”.

D.

v i
Geometry v 4
il
e 4
>

o
=
=
3
o

esults Z

\Workshop 2-1

. W 7 Static Structural (ANSY
6. Double click the Model cell to start e —
MeChanicaI. 3 I§ Geometry w7
6 i@ Model E
- 5 @ Setup 2
6 & solution )
7 @ Results @

Workshop 2-1

 When the Mechanical application opens the tree will
reflect the setup from the project schematic.
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Project
B Model (A4, B4)
----- /FB Geometry
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Mesh
Static Structural (AS)

; --(/f\ Analysis Settings
--7. Solution (A6)

/{E Solution Information
Elgenvalue Buckling (B5)
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NWNYSE Preprocessing

7. Set the working unit system to the U.S. customary system:

a. U.S. Customary (in, lbm, psi, °F, s, V, A).

8. Apply constraints to the pipe:

d.

C.

Highlight the Static Structural branch (A5).
b. Select the surface on one end of the pipe.

“RMB > Insert > Fixed Support”.

Filter: Mame -

Project

B Model (A4, B4)
Bl ﬁ Geometry

8a.

I ----- = Coordinate Systems

e N Analysis Settings
= 7- Solution (A6)
: m Solution Information
----- ;- Elgemralue Buckling (B5)
e wTF T=b Pre-Stress (Static Structural)
------- i /‘\ Anal\;sm Settlngs
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/a.

W Tools  Help J | @ | sove ~
Metric {m, ka, N, s, ¥, &)
Metric {cm, g, dyne, s, ¥, &)
Metric {mm, kg, M, s, m¥, ma)
Metric {mm, £, N, 5, mV¥, mA)
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Metric {um, ka, P, s, ¥, ma)
—— LS Custamse B the JbE_SE e i
]f'.}_ .5, Customary (in, Ibm, Ibf, °F, s, ¥, &)

8b.

A: Static Structural (ANSYS)
Fixed Support
Time: 1. s
2/12/2009 5:17 PM

. Fixed Support

} v Dearees
Radians

radfs
[ v ReM

f:v Celsius {For Metric Systems)
Kelvin {For Metric Systems)

Insert 4

8cC.

ﬁ?, Fixed Support
U, Displacement

3, Remote Displacement

®Q Frictionless Support

Q", Compression Only Support
Q}, Cylindrical Support

@, Elastic Support



WWSYSE Environment

9.

12

Add buckling loads:

a. Select the surface on the opposite end of the pipe from the fixed
support.

b. “RMB > Insert > Force”.
C. Inthe force detail change the “Define by” field to “Components”.

d. In the force detail enter “1” in the “Magnitude” field for the “Z
Component” (or use -1 depending on which ends of the pipe are

selected).
i Details of "Force" a
1:‘17)‘2007 )i ZZPM
. -|| Scope
et [ Force: 1. Iof Scoping Method | Geometry Selection
& S Camponents: 0., 0., 1, Ibf :
A Geometry 1 Face
b CH. Hydrostatic Pressure C =]
| 'S Define By Components
G?‘a Remote Force y Type Force _
d % Component | 0. Ibf {ramped)
. Y Component | 0. |bf (ramped)
7 Component 1. Ibf (ramped) _.J]
Suppressed Mo
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IWWSYEHE . . . Environment

10. Solve the model:
a. Highlight the Solution branch for the Eigenvalue Buckling analysis

(B6) and Solve.

— Note, this will automatically trigger a solve for the static
structural analysis above it.

11. When the solution completes:

a. Highlight the buckling “Solution” branch (B6).

— The Timeline graph and the Tabular Data will display the first
two buckling modes (more modes can be requested).

RMB in the Timeline and choose “Select All”.

C. RMB > “Create Mode Shape Results” (this will add two “Total
Deformation” branchs to the tree).

E| ----- Eiger‘w;ue Buckling (B5)

(TE;@ Pre-Stress (Static Structural)

Filter: MName &

‘=] Project

- (@] Model (A4, B4)

[l A Geometry

-4 Coordinate Systems

------- M1 Mesh

B2 Static Structural (AS)

------- v ?f\‘ Analysis Settings

....... , Fixed Support

....... ﬁ w Force

&/ Selution (A6)

iz ¥] Solution Information
=4[] Eigenvalue Buckling (B5)
------- v TE;@ Pre-Stress (Static Structural)

------- v ?ﬁ Analysis Settings

10a. |- ‘eer=am
" -] 4] Solution Information

65603

oluton Intormaton

13

ﬁ Total Deformation
e MFR Total Deformation 2
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ANSYS

Recall that we applied a unit (1) force thus the result compares well with our closed form calculation of

14

Click “Solve” to view the modes

65648 Ibf.
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Results

Qutline 7

B: Eig Buckling
Filter. - Name - 2] | Total Defarmation
[ Project Type: Total Deformation

B Model (A4, B4)
,/f@ Geometry
I .,,‘. Coordinate Systems
AZB Mesh
E| e Static Structural (A5)
P f\ Analysis Settings
- A, Fixed Support
----- \ Force
B, ,- 3| Solution (AG)
: - {#] Solution Information
B ,,- Elgenvalue Buckling (BS)
= Pre-Giress (Static Structural)
C\ Analysis Settings
E-/8 Solution (B6)
- {#] Solution Information
- M Total Deformation
- M Total Deformation 2

Details of "Total Deformation”
=l Scope
Scoping Methad | Geometry Selaction
Geometry All Bodies
Type Total Deformation
Mode 1.
TEreTTeTET
Suppressed No
=I| Results
Load Multiplier | 65600
Minimum 0. in
Maximum 1.0086 in

February 27, 2015

Load Multiplier: 65600
Unit: in
094122014 10:13

1.0086 Max
0.89655
0.73448
0.67241
0.56034
0.44827
0.33621
0.22414
0.11207
0 Min




NUWNYEHE . . . Results

12. Change the force value to the expected load (10000 Ibf):

a. Highlight the “Force” under the “Static Structural (A5)”
branch

b. In the details, change the “Z Component” of the force to
10000 (or use -10000 depending on your selections).

13. Solve:

a. Highlight the Eigenvalue Buckling Solution branch (B6), RMB
and “Solve”.

----- //,. Elgenvalue Buckling (B5)
b WiE: T=p Pre-Stress (Static Structural)
e g0 /'\ Analysm Settlngs

..... //}.

........ n Saoluti Insert

Outline L
Filter:  mMame - ]
Project

Bl Model (A4, B4)
..... /ER Geometry
..... /#% Coordinate Systems

‘,«% Mesh
B ;E| Static Structural (A5)
‘,/'\ Analysis Sethngs

/[II Selution Information

- /ﬁ Total
e o 7/ B 12b.
© 13a.

----- /. Elgenvalue Buckling (B5)
‘,T_,@ Pre-Stress (Static Structural)
(/'\ .-'-\nalysm Settings

e A W siorma Il N
i M Total Deformation 2

Details of "Force” L

Scoping Method | Geometry Selection

Geometry 1 Face
- Definition
Type Force
Define By Components

Coordinate System | Global Coordinate System
¥ Component |0.Ibf (ramped)

P T i

’
tails of "Solution (B6)” |~ Cvauate All Results
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NLWNYEE . .. Results

When the solution completes note the “Load Multiplier” field now shows a value of 6.56
for the first mode. Since we now have a “real world” load applied, the load multiplier is
interpreted as the buckling factor of safety for the applied load.

Details of "Total Deformation”

-|| Scope
Scoping Method | Geometry Selection
Geometry All Bodies
-1| Drefinition
Type Total Deformation
Mode 1.
Identifier
Suppressed Mo
-|| Results
||| | Load Multiplier | 6.56 |
Minimum 0.in
Maximum 1.0085 in

Given that we have already calculated a buckling load of 65600 Ibf, the result is obviously
trivial (65600 / 10000). It is shown here only for completeness.
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WSS Verification

A final step in the buckling analysis is added here as a “best practices” exercise.

We have already predicted the expected buckling load and calculated the factor of safety for
our expected load. The results so far ONLY indicate results as they relate to buckling
failure. To this point we can say nothing about how our expected load will affect the
stresses and deflections in the structure.

As a final check we will verify that the expected load (10000 Ibf) will not cause excessive
stresses or deflections before it is reached.
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NWNYSH . . . Verification

14. Review Stresses for 10,0001bf load:
a. Highlight the “Solution” branch under the “Static Structural”

environment (A6).

b. RMB > Insert > Stress > Equivalent Von Mises Stress.
C. RMB > Insert > Deformation > Total.

d. Solve.

E| ,{ Static Structural (AS5)
‘,/'\ Analysis Settings
‘/@v Fixed Support

|-_:| plution [Af
Zall Insert k Stress Tool

E| ----- ¥ Eigenvaluel!
T ® Pre-Stres « | Clear Generated Data

Deformation
Strain

Filter: MName -
Project

Model (A4, B4)

‘.«f&? Geometry
(..f\_ Coordinate Systems

(% Mesh

E| = Static Structural (A5)
) 73 Analysis Settings
-------- ./[‘f] Fixed Support

‘,f‘\ Analysis -] Delete All Restart Points

B- *‘.j‘}mh'tmll dlb Rename (F2)
- Sall
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------- i T Pre-Stress (Static Structural)
e W .z"\ Analysis Settings
= ‘ solution (B6)
5 ------- '/m Solution Information
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NWNYEHE . . . Verification

A quick check of the stress results shows the model as loaded is well within the mechanical
limits of the material being used (Engineering Data shows compressive yield = 36,259
psi).

As stated, this is not a required step in a buckling analysis but should be regarded as good
engineering practice.

A: Static Structural (ANSYS) A: Static Structural {ANSYS)
Equivalent Stress Total Deformation

Type: Equivalent (von-Mises) Stress Type: Total Deformation

Unit: psi f Unit: in

Time: 1 Time: 1

2/13{2009 8:01 AM 2/13/2009 8:02 AM

— 1876.7 Max 0.0063622 Max
. 1751.6 0.0056553
— 1626.4 0.0049454
— 1501.3 0.0042415
= 1376.2 0.0035346
= 1251 0.0028277

0.0021207
0.0014138
0.00070691
0 Min

1125.9
— 1000.8 ]
E 875.65

- 750.52 Min
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