Abaqus tutorial

Modal Analysis in 3D



Problem

* We will be doing a modal analysis to find the first 7 natural
frequencies of a 3D hollow cylinder as shown below, which has one of
the ends fixed.
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Assembly Module

* In Assembly Module, click
on Create Instance, select
the part, check the
Dependent option and click
OK.
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Step Module

* In Step Module, click on Create
Step.

e Name it Modal.

* Select Procedure type : Linear
perturbation and select
Frequency.

e Click Continue
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Insert new step after

Procedure type: | Linear perturbation
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Step Module

* In the next window, select
Lanczos eigensolver.

e Set the “Value” of “Number

of eigenvalues requested” to
7.

* Click OK
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&% Edit Step X

Name: Modal
Type: Frequency

Basic | Other

Description:

Nigeom: Off

Eigensolver: @ Lanczos (O Subspace () AMS

Number of eigenvalues requested: () All in frequency range
© Value: 7

() Frequency shift (cycles/time)**2:
Acoustic-structural coupling where applicable:

© Include O Exclude O Project
() Minimum frequency of interest (cycles/time):
(] Maximum frequency of interest (cycles/time):
Block size: @ Default () Value:
Maximum number of block Lanczos steps: @ Default () Value:
Use SIM-based linear dynamics procedures

Project damping operators

(] Include residual modes
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Load Module

* In load module, select
“Boundary Condition
Manager”.

* Select Step to Initial.

* Select Displacement/Rotation.
Click Continue.

e Select a flat circular face. Click
Done.

* Check all quantities in the next
screen and Click OK.
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Note: The displacement value will be
maintained in subsequent steps.
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Element Shape
OHex (O Hex-dominated () Tet () Wedge

* Click on Part instead of
Assembly as shown on the g um
r i g h t . O ;vcv;z:up % Use mapped meshing where appropriate

Technique Algorithm
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and select Hex with Sweep and -

1} Element Type

C I iC k O K . Element Library Family

O stendard O Bl

Acoustic
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* In Mesh -> Element Type, Select
Hex, 3D Stress, Linear and e e e

[ Improved surface stress visualization

uncheck reduced integration.

Hourglass stiffness:

Element ShOUId be C3D8. Viscosity: © Use default O Specify

Kinematic split:
Second-order accuracy: () Yes @ No

Distortion control: © Use default () Yes () No

C3D8: An 8-node linear brick.

Note: To select an element shape for meshing,
select "Mesh->Controls” from the main menu bar.
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* Click on Seed Edges and select @ | ovnmee

the four circles on the flat WE s

faces (you should hold Shift ol

key to select multiple edges wul

and Ctrl + Alt + Click to rotate TN [[EpI—
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e Set By number and enter
Number of elements = 20.

* Click on Mesh Part and select
Yes.

* You should get a mesh as
shown.
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e Click on Create Job. Name it
as Modal. Select the model
and click Continue. r— | gar—

* |n the next screen, click OK.
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* Click on Job Manager, 8 ¢
select Modal and click on ] :
R Name Type Status Write Input
SmeIt. = Elastodynamics - Full Analysis MNone Data Check
Submit

* The program will run for a
few seconds.
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Visualization Module
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Visualization Module

* To see the current mode, Click on
Animate Harmonic™.

* To switch between the modes, stop
the current animation by clicking on
the “Animate Harmonic” button
again.

* Select the Next or Previous buttons
on the top right of the screen.

* |In “Animation Options”, chose Scale
Factor/ Harmonic tab and check Full
Cycle.

* The animation speed can be set in
Player tab of “Animation Options”.

Animate:
Harmonic

Ol &

A e
W Animatio

E;b J"':: Player S;aalfni?;tic;r/ Time History XY
Bl =..
Xy, B Relative Scaling
":_l_ =g !
- R i
1N ey © Full cycle =

=l 8% >

\

] el
=< = !
== = 7 S
pER, (O oes ) Half cycle P ey
2 Qeee

r

S Frames: 7.3
.‘iff OK Apply Cancel

‘: Visualization defaults @ v

M4 &BHD




Visualization Module

* You can view the frequency of
each mode as well.

* Select Result -> Step/Frame.

* A window which has the Natural
frequencies will pop up.
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Frame
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1 Mode 1:Value= 13641. Freq= 18588 (cycles/time)

2 Mode 2:Value= 13641. Freq= 18588 (cycles/time)

3 Mode 3: Value = 2.77761E+03 Freq = 83.879 (cycles/time)

4 Mode 4: Value = 3.39789E+05 Freq= 92.774 (cycles/time)

5 Mode 5: Value = 3.39789E+03 Freq = 92.774 (cycles/time)

6 Mode 6: Value = 7.44276E+03 Freq = 13731 (cycles/time)

7 Mode 7:Value = 1.45014E+06 Freq = 19166 (cycles/time)
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Unconstrained Model

Make a copy of the completed model. In the copy, remove the cantilever
displacement boundary condition. Create a new job associated with the
new model and re-run the analysis.

When reviewing results, think about the following:
1. How do the modal frequencies differ for the unconstrained case?

2. Is there a modal frequency and deformation mode in the unconstrained
case that closely matches any frequencies associated with the
constrained model?
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