Abaqus/CAE Vibrations Tutorial

Problem Description

The table frame, made of steel box sections, is fixed at the end of each leg. Determine the first 10 eigenvalues and
natural frequencies.

WARNING: There is no predefined system of units within Abaqus, so the user is responsible for ensuring that the
correct values are specified. Here we use Sl units
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Analysis Steps
1. Start Abaqus and choose to create a new model database
2. Inthe model tree double click on the “Parts” node (or right click on “parts” and select Create)
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3. Inthe Create Part dialog box (shown above) name the part and
a. Select “3D”
Select “Deformable”
Select “Wire”
Set approximate size = 5 (Not important, determines size of grid to display)
Click “Continue...”
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Create the sketch shown below
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4. Inthe toolbox area click on the “Create Datum Plane: Offset From Principle Plane” icon

a. Select the “XY Plane” and enter a value of 1 for the offset

Creake Datum Plane:
Offzet From
Principal Plane

ﬂﬂ Frincipal plane from which to offset; =Y FEHEI TE F'Ianel e F'Ianel
2

ﬂﬂ Offset: |1

5. Inthe toolbox area click on the “Create Wire: Planar” icon

a. Click on the outline of the datum plane created in the previous step
b. Select any one of the lines to appear vertical and on the right

c. Inthe toolbox area click on the “Project Edges” icon
d. Select all of the lines in the viewport and click “Done”

Créate Wire:

o o

6. Inthe toolbox area click on the “Create Datum Plane: 3 points” icon (click on the small black triangle in the
bottom-right corner of the icon to get all of the datum plane options)
a. Select 3 points on the top of the geometry
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7. Inthe toolbox area click on the “Create Wire: Planar” icon

a. Click on the outline of the datum plane created in the previous step

oo o

Click on “Done”

8. Double click on the “Materials” node in the model tree

Select any one of the lines to appear vertical and on the right
Sketch two lines to connect finish the wireframe of the table
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a. Name the new material and give it a description
b. Click on the “Mechanical” tab=>»Elasticity=»Elastic
c. Define Young’s Modulus (210e9) and Poisson’s Ratio (0.25)

©2009 Jayson Martinez & Hormoz Zareh

oo BB Asembly

Portland State University, Mechanical Engineering



I E dit Material
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Mame: I Steel

Description:

— Matenial Beh
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»

Plasticity [ erelastic
Damage for Ductile Metals > Hyperfoam
Damage for Traction Separation Laws — » Hypoelastic
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d. Click on the “General” tab=» Density
e. Density =7800
f.  Click “OK”
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9. Double click on the “Profiles” node in the model tree

a. Name the profile and select “Box” for the shape
b. Click “Continue...”

c. Enter the values for the profile shown below

d. Click “OK”
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10. Double click on the “Sections” node in the model tree

a.

b. Click “Continue...”

c. Leave the section integration set to “During Analysis”
d. Select the profile created above (BoxProfile)

e. Select the material created above (Steel)

f. Click “OK”
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11. Expand the “Parts” node in the model tree, expand the node of the part just created, and double click on

“Section Assignments”

a. Select the entire geometry in the viewport
b. Select the section created above (BeamProperties)

c. Click “OK”
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12. Expand the “Assembly” node in the model tree and then double click on “Instances”
a. Select “Dependent” for the instance type

b. Click “OK”

Model I Hesultsl

|@ Model Database

e

©2009 Jayson Martinez & Hormoz Zareh

S g Madels [1]

= Modeh]

L Parts (1)
[Pz Materials 1)
ﬂ} Sections (1]
& Profiles (1)

fw Sulaces
18, conmector Assignmens,

R R

Il Cieate Instance x|

— Parts

—

— Instance Type

A meshed part has been selected. so
the instance type will be Dependent.

Mote: Tochange a Dependent instance's
meszh, you must edit itz part's mesh.

[~ uto-offset from other instances

[ox |

Apply Cancel

Portland State University, Mechanical Engineering




13. Double click on the “Steps” node in the model tree

a. Name the step, set the procedure to “Linear perturbation”, and select “Frequency”

Click “Continue...”
Give the step a description
Select “Lanczos” for the Eigensolver

-0 a0 o

Click “OK”

Model I Hesultsl

|§ Model D atabase

s E e

E#§ Modeks (1]

Bl Maodel1
L Pats (1)
Bz material: (1)
ﬁ!'_r,'« Sections (1]

i i

P2 Histaory Output Requests
- ’%i___...ly‘.“ o R ST A

Il Create Step x|
Mame: |MaturalFreq
Insert new step after

Select the radio button “Value” under “Number of eigenvalues requested “ and enter 10

Marne: MaturalFreq
Procedure type: ILlnaar perturbation 'I

Type: Freguency
Buckle P

I Other I

W Edesies x|

Static. Linear perturbation
Steady-state dynamics, Direct

Mlgeom: OfF

LContinue... I

Cancel |

14. Double click on the “BCs” node in the model tree

Dezcription: IDetermine the first 10 natural frequencies

Eigensolver: @ Lanczoz ¢ Subspace O AMS

Mumber of eigenvalues requested: € &l in frequency range

I Froguesco kit toncias simaiizz, .

& Walue |1D
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a. Name the boundary conditioned “Fixed” and select “Symmetry/Antisymmetry/Encastre” for the type
Click “Continue...”

b
c. Select the end of each leg and press “Done” in the prompt area

d. Select “ENCASTRE” for the boundary condition (“ENCASTRE” means completely fixed/clamped)
e

Click “OK”
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15. In the model tree double click on “Mesh” for the Table frame part, and in the toolbox area click on the “Assign
Element Type” icon

a. Select “Standard” for element type
b. Select “Linear” for geometric order
c. Select “Beam” for family
d. Click “OK”
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16. In the toolbox area click on the “Seed Part” icon
a. Setthe approximate global size to 0.1

Il Global Seeds x|

— Sizing Controls
Appraximate global size: ID.1

¥ Curvature contral

I aximum deviation factor (0.0 < h/L < 1.0); |01
[Approximate number of elements per circle: 8)

Minimum size factor (az a fraction of global size):

(' Use default [01) € Specify (0.0 < min < 1.0) ID.'I

By

L e mmmmnd |

Apply I Defaultsl Cancel I

17. In the toolbox area click on the “Mesh Part” icon
a. Click “Yes” in the prompt area

o

2

Mesh Part |

s ﬂﬂ 0K to mesh the part? M
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18. In the menu bar select View=>»Part Display Options
a. Check the Render beam profiles option
b. Click “OK”
x|

meneral I Datum I Mesh I

— Render Style
" wireframe ¢ Hidden ' Shaded

Wigw Seed  Mesh  Adaptivity

Save... — Geomekry

Pan = ™ shiow dotted lines in hidden render style
Rokate F3 [+ show edges in shaded render style
Zoom In/Cut F4 ¥ show sihouette edges

Box Zoom Fa

1 Highlight faces using: m
fuko-Fit Fé i o | Bl

Cycle Yiews F7 Curve refinement: IMedium VI

Specify... Mote: The refinement setting will be applied only
Wigw Manipulation Options. .. to the current part.
Parallel — Mesh Edges

Perspective
Shaow: IExterior edges Vl
v Show Model Tree Cerl+T

[+ show edges in shaded render style

Toolbars [
Yiew Options. .. — Idealizations
Graphics Options. ..
Light ©ptions. ..

Image/Movie Options., ..
o |

¥ Render beamprofiles

apply I Defaulks Cancel

Part Display Options...

19. Change the Module to “Property”
a. Click on the “Assign Beam Orientation” icon
Select the portions of the geometry that are perpendicular to the Z axis
Click “Done” in the prompt area
Accept the default value of the approximate n1 direction (0,0,-1)

o oo o

Click “OK” in the prompt area

Module: |Mesh I" 7 =

Assembly E =

&‘ ﬂ' Step s
@E & Interaction e
— |Load Y

E 78 Mesh Assign Beam

4, '_”J b Orientation /J\
il 2 £
_7_1:‘ HJT_ ‘isualization EB %

s |oReteh PSR

f.  Select the portions of the geometry that are parallel to the Z axis
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g. Click “Done” in the prompt area

h. Enter a vector that is perpendicular to the Z axis for the approximate n1 direction (i.e. 0,1,0)

] /|

¥

A

ﬂﬂ Enter an approdimate nl direction [tangent vectars are shown] II:I,1 1]

i. Click “OK” followed by “Done” in the prompt area
20. In the model tree double click on the “Job” node

j. Name the job “TableFrame”

k. Click “Continue...”

I.  Give the job a description

m. Click “OK”

Il Edit Job

Mame:  TableFrame

Model Model-1

Deseription: | Determine the first 10 natural frequencies

General | bdermory | Parallelizationl Frecizion

— Job Type

@ Full analyziz

B Create Job 5I " Recover [Explicit)

" Restart
M arme: I Table frame

~ Run Mod
Source:IModeI VI un Hoce

Hizst namme:
& Background Gueue:l Vl
Tope:
g P o s e
- [la Predsfined Fields — Submit Time
: Remeshing Rules & Immediately
Sketches
€ wait] b i,
-~ Annotations [ s min
EEE analysis c f-\t:l Tip._.I

g ad

Processes Continue. .. I Cancel oK | Careal |
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21. In the model tree right click on the job just created (TableFrame) and select “Submit”
n. While Abaqus is solving the problem right click on the job submitted (TableFrame), and select “Monitor”

e L

» IS SkelChis 1) 1Y Sketches (1]
g Annotations S Bnnatations
248 s 5
: Ei: Analpsis
=) ] i :
i 0
H ! [ T - rame [Completed)
% Sw|_tch Contest Chil+Space % & Switch Context Chl+Space
B Edit.. “El o Edie
Copy... Copy...
Rename... Rename.
Delete. . Del Delete. Del
Wdrite [nput write Input
Data Check D ata Check
Subrmit
Caritinue Cantitue
Monitor...
Results Result
Kill Kil
Export > Export L

0. Inthe Monitor window check that there are no errors or warnings
i. Ifthere are errors, investigate the cause(s) before resolving
ii. If there are warnings, determine if the warnings are relevant, some warnings can be safely

ignored
Il TableFrame Monitor o =] |
Job: TableFrame Status: Completed
Severe . -
- Equil Total Total Step Time/LPF
Step Increment At Dﬁg?n Iter Iter Time/Freq Time/LPF Inc
1 1 1 1} 0 0 0 1e-36 1e-36

Log I Errolsl Warningsl Dutputl Data File | Message File | Status File

Completed: Abagqus/Standard
Completed: FriAug 28 15:48:24 2009 j

" Search Text

Tt ta find: I " Matchcase [l Mext {j Frevious

Fill | Dismiss |

22. In the model tree right click on the submitted and successfully completed job (TableFrame), and select “Results”

R T

-

-
N Annotations
Ei: Analysiz

o .

Edit...
Copy...
Rename...

Delete... Del
wirite [nput

Data Check

Subrmit

Cantitie

Manitor...

Fill

Export 3
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23. In the menu bar click on Viewport=>»Viewport Annotations Options

p. The locations of viewport items can be specified on the corresponding tab in the Viewport Annotations

Options
g. Click “OK”

&S Output Dat:
D Spectrums
BH wiPlots
ER xvData

L Paths

= Display Grod

[Z] File Model Vigwport  Wiew  Result Plob Animate R

. Creake

@ et Chr+Tab ¥ Show triad

| ‘ = I Previous Shift+Ctri+-Tab [¥ shaw legend

- Cascade [¥' shaw title block
Model  Results | Tile Horizontally ¥ shaw state block
Session Data Tile ¥ertically [v show text and arrows

Delete Current

Annokation Manager. ..
Create Annotation. ..

Edit Annotations. ..

Linked Viewports, .,

I ¥iewport Annotation Dptions ﬂ

General I Triad | Legend I Title Black. I Skate Elock |

QK

Defaults

Cancel

B rovies v 1Viewpork: 1 ODBE: CifTemp/Bridge, odb | Apply I

24. Display the deformed contour overlaid with the undeformed geometry
r. Inthe toolbox area click on the following icons
iii. “Plot Contours on Deformed Shape”
“Allow Multiple Plot States”

v. “Plot Undeformed Shape”

iv.

(2] g}
Lza4 4

B B By
u,. P, g
%J e i X % s
x| Ty, Plot Undeformed

Plot Contours on
Deformed Shape

=, o o
::I‘_‘g| iié
g
——aml Allaw Multiple Plat States
2 : = =T
By & =
e Qs L) wﬁlj{-\-ﬂ, ot )

25. In the menu bar click on Results =»Step/Frame
s. Change the mode by double clicking in the “Frame” portion of the window
t. Observe the eigenvalues and frequencies
u. Leave the dialogue box open to be able to switch the mode shapes while animating
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x
Step Name Description
MaturalFreq i Determine the first 10 natural frequel
Frame
Index Description
0 Inciement 0 Baze State
1 ode 1:Walue = 55551, [ ne)
2 Made 2 Walue = 55951, Freq= 37647  [cyclesitime)
3 Made 3 Walue = 8B279. Freq= 47.288 [cyclesitime)
4 Mode 4 Value = 2EB8702E+05 Freq= 52500  [cyclesitime]
5 tode 5 Value = 95167E+05 Freq= 15526  [(cyclesdtime]
.3_2 - Model Database: C:',brid: E Mode E Value = 1.34164E+06 Fieq= 184.35  [cycles/time]
. 4 7 Made 7. Walue = 1.37809E+06 Fleq= 186.84  [cyclestime]
“.i_ Result Plot  Animate  Renf ] Mode 8 Value = 1.53504E+06 Fleg= 197.25  [cuclesitine]
-f-l_;\ 3 Mode 3 Value = 1.53604E+06 Freq= 197.25 [cvclesdtime]
¥ Ackive Steps/Frames. . 10 Mode 10 Value= 248112E+06Freq= 25069  [oyclesttime]
; Section Points. ..
& Feld output,.,
;_ Histary Output, ..
ERH'%DET”_SI — | oK. el Field Dutpu.. B

26. In the toolbox area click on “Animation Options”
v. Change the Mode to “Swing”
w. Click “OK”
X. Animate by clicking on “Animate: Scale Factor” icon in the toolbox area

I Animation Dptions x|
Plaver Scale Factor) ) ) _
! [ — Time Hiskory | ®Y | Wiewports
Mode

" Playonce  Loop © Loop backward (¢ Swm%

Frame Rate

Sl

Fast

W Show frame counter

1

Ok |

Apply |

Cancel |

27. Click on a different Frame in the “Step/Frame” dialogue box to change the mode

28. Expand the “TableFrame.odb” node in the result tree, expand the “History Output” node, and right-click on

“Eigenfrequency: ..."
y. Select “Save As...”
z. Name = Frequencies
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Model Results I

|Sessi0n Data j : B, O
’@ Output D atabazes [1)

5] ﬁ T ableFrame. odb

2 B Histary Dutput [16]

- Composite modal damping: C0 for Whale Model

- Effective mass, v-component: EMT for Whole Model
- Effective mass, x-1otatior: EM4 for Whole Model

- Effective mazs, y-component: EM2 for Whale Model
- Effective mass, y-rotatior: EMS for Whole Model

- Effective mass, z-component: EM3 for Whole Model
- Effective mazs, z-otation: EME for ‘Whole Model

Switch Context Chl+Space
igervalue:

- Generalized mass: Plot Il Save XY Data As x|

- Participation Factar, Add ta Plot
- Participation Factar,
- Participation factar, y-componentiagF 2 for Whale Model Note: %Y Data are saved anly far the
- Participation Facter, y-rotation: PFS for Whole Model current Ahanus session,

- Participation factar, z-component: PF3 for Whale Model

- Participation Factar, z-rotation: PFE for Whole Model

i a R ol Gt e bt PR S

Mame: |Frequencies

Cancel

aa. Repeat for “Eigenvalue”
bb. Observe the XYData nodes in the result tree

A e

e Al vy o e T 1)

+ B wPlots (1)
- B8 w¥Data (23

Frequencies
|L Paths
B L

29. In the menu bar click on Report=>»XY...

- bridge natural frequent

cc. Select from = All XY data

dd. Highlight “Eigenvalues”

ee. Click on the “Setup” tab

ff. Click “Select...” and specify the desired name and location of the report
gg. Click “Apply”

hh. Click on the “XY Data” tab

ii. Highlight “Frequencies”

ji- Click “OK”
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Il Report XY Data
xY Data l Setup ]

Select from: & Al %Y data ¢ %Y plakin current viewport

Mame Filker: | Tipa.

Description

ae e: EIGYAL For Whale
Eigenfrequency: EIGFREQ for

i

Frequencies

I Report X¥ Data

¥ Data Setup]

File

Iame: |vibrati0ns .rpE

Output Format
Layout: @ Single table For all ¥¥ data

™ Interpolate between % values (if necessary)

" Separate table for each XY data

Page width (characters):  Nolimit  Specify: |30

Mumber of significant digits: 6_%'
Murnber Format: [Engineeting

Data

wiite: ¥ ®vdata [T Column totals T Coluran mingmas

Il Report XY Data
Y Data l Setup ]

Select from: & Al %Y data O %Y plot in current viewpart

Mame filter: | Tip. ..
Name | Description |
Eigenvalues Eigenvalue: EIGWAL For Whole Mc

Eigenfrequency: EIGFREC

| Frequencies

oK | Apply | DeFauIts| Cancel |

(0] 4 | Apply

Defaults

Cancel

(0] 4 Apply Defaults Cancel

30. Open the report (.rpt file) with any text editor

X

1.

2.

3.

4, 2
5. 9
6.

8.

9.
10.

X

1.

2.

3.

4.

5. 1
6. 1
7. 1
8. 1
9. 1
10. 2

55.
55.
88.
68.
51.

P

37.
37.
47.
82.
55.
84,
86,
97.
97.
50.

Eigenvalues

9515E+03
9515E+03
2792E+03
702E403
679403

. 34164E+06
. 37809E+06
. 53604E+06
. 533604E+06
L48112E+06

Frequencies

6466
6466
2878
5004
262
348
35
252
252
694

Note: Eigen values that are identical indicate similar vibration modes, activated in different planes.
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