ME 455/555 Intro to Finite Element Analysis Fall 2013 Abaqus/CAE Vibrations tutorial

Abaqus/CAE (ver.6.12) Vibrations Tutorial

Problem Description

x5

The two dimensional bridge structure, which consists of steel T-sections, is simply supported at its lower corners.
Determine the first 10 eigenvalues and natural frequencies.

Caution: Although the model seems to be two-dimensional, there exists a realistic possibility that out-of-plane modes
might be the dominant modes. We need to think ahead and account for such a possibility. Thus, the model is created
as a 3-D part model.
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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)

a.

b.

C.

d.

e.
4. Createt

'ﬂ] Constraints [ Continue... J [ Cancel
3. Inthe Create Part dialog box (shown above) name the part and
he geometry shown below (not discussed here)
o S N
]
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= 48 Models (1)

= Model-1

ezl

@ [F2 Materials (1)

o E} Calibrations

= ﬂ'_r} Sections

E’ Profiles

]ﬁ Assembly

[ ol Steps (1)

“wis Field Qutput Requests

B Ef’ History Qutput Requests
Iﬁ Time Points

B E;; ALE Adaptive Mesh Constraints
ﬁ Interactions

-E Interaction Properties
ﬂli Contact Controls

B ;1?’ Contact Initializations
Eﬁ Contact Stabilizations

il

B

Select “3D”

Select “Deformable”
Select “Wire”

Set approximate size = 20
Click “Continue...”

Abaqus/CAE Vibrations tutorial

Mame: | Part-1
Medeling Space

@ 30 () 2D Planar () Axisymmetric

Type Options

@ Deformable

() Discrete rigid

_ . - MNone available
() Analytical rigid

() Eulerian

Bace Feature

Shape Type

Planar |
s

Approxirate size: | 200
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5. Double click on the “Materials” node in the model tree
Model I Results I

|M0del Database j : %, .‘g_

C L — = 45 iode )

Mame: | steel =l Model-1
Description: E| % Parts (1)
.-) ; Bridge:
i
Material Behaviors EE' mectin
Density 5 proied Matenisk |

i st

Mame: | steel

Description:

General Mechanical Thermal  Electrical/Magnetic  Other -
Elastic Material Behaviors
Type: Isotropic EI
[] Use temperature-dependent data
Number of field variables: 0
Muoduli time scale (for viscoelasticity): | Long-term E|

General Mechanical Thermal Electrical/Magnetic  Other #

[ No compression

[] Mo tension
Data Depwar
. . B Begularization
:;::'r:lg}; Po;::;: : User Material
1 2079 0.29 User Defined Field
ket e ot Mttt Attt -l USErQ:JiE'utVarifPl_ei ) n X )

a. Name the new material and give it a description
b. Click on the “Mechanical” tab=»Elasticity=»Elastic
c. Define Young’s Modulus (207e9) and Poisson’s Ratio (0.29) (use Sl units)
i. WARNING: There are no predefined system of units within Abaqus, so the user is responsible
for ensuring that the correct values are specified

d. Click on the “General” tab=»Density
e. Density =7800
f. Click “OK”
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6. Double click on the “Profiles” node in the model tree

a. Name the profile and select “T” for the shape

Abaqus/CAE Vibrations tutorial

i. Note that the “T” shape is one of several predefined cross-sections

b. Click “Continue...”

c. Enter the values for the profile shown below

d. Click “OK”

Madel I Results |

|@Model Database j - (N

B 3 Models (1)
] Madek1
EI % Parts (1)
E| ls,ﬁ Iaterials {1}
©b kel
: ﬂ} Sections

Assel
ol Step

. ix%__ﬁeﬁl"ukn"“ﬂegug_sts_ R

Il Create Profile x|
Mame: IT—Section

— Shape

Box

Fipe
Circular
Rectangular
Hexagonal
Trapezoidal
I
L

Arbitrary

Generalized

Caontinue. .. I

Cancel |

Mame: T-section

Shape: T

b |0.25
h: |0.25
Les
L0125
T_ 0.05
§ e
i tw: | 0.05
t
W

Cancel

7. Double click on the “Sections” node in the model tree

a. Name the section “BeamProperties” and select “Beam” for both the category and the type

Click “Continue...”

"0 a0 o

Click “OK”

Model I Results I

|gl\’lodel Database j - By O

B #3 Models (1)
=l Model-1
E| % Parts {1}
E| E Materials (1)
¥l
@' Profiles 1

ﬁ ﬁssem

s, maren molzifstancﬁﬁlh_ PNt
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Leave the section integration set to “During Analysis”
Select the profile created above (T-Section)
Select the material created above (Steel)

MName: | BeamProperties
Category — Type

© Solid
() Shell

Truss

() Other

Continue... ] [ Cancel

— Edit Beam Section '
MName: BeamProperties

Type: Beam

Section integration: @ During analysis (*) Before analysis

f #

Beam Shape
Profile name: | T-section

Profile shape:

Basic | Stiffness | Fluid Inertia

L
Material name: | steel E| 7z
Section Poisson's ratio: |0
Temperature variation:
@ Linear by gradients

() Interpolated from temperature points
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8. Expand the “Parts” node in the model tree, expand the node of the part just created, and double click on
“Section Assignments” or use the “Assign Section” icon shown below
a. Select the entire geometry in the viewport
b. Select the section created above (BeamProperties)
c. Click “OK”

Region

Regicn: (Picked)
Section

Section: | BeamProperties E| EE‘

Mote: List contains only sections
applicable to the selected regions.

Type: Beam
Material: steel

d. Assign the beam orientation by using the “Assign Beam Orientation” icon, select
the entire structure anc click on “Done” in the prompt region.

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

Parts
Modz| I Resulks |
| Model Database j : *Ey :[;3"
EE3 Models (1) =
=l Model-1 Instance Type
Bl [ Parts (13 . .
P @ Dependent (mesh on part}):
Eridge
[P materials (1) () Independent (mesh on instance)
3 3 Sections (1) . ,
. 8% profiles (1) Note: To change a Dependent instance's
mesh, you must edit its part's mesh.
[] Aute-offset from other instances
[ QK ] [ Apply ] ’ Cancel ]
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10. Double click on the “Steps” node in the model tree
a. Name the step, set the procedure to “Linear perturbation”, and select “Frequency”
b. Click “Continue...”
c. Give the step a description
d. Select the radio button “Value” under “Number of eigenvalues requested “ and enter 10
e. Click “OK”
Ta—
Mame: | NaturalFreq

Insert new step after

Model I Results I

|EModeI Database j : By O

= ﬁ Models (1) Procedure type: | Linear perturbation EI
= Model-1 Buckle
B 5 Parts (1)
= Frequency
Bridge S .
5 ) Static, Linear perturbation
[+ |£ Materials (1) . .
. Steady-state dynamics, Direct
[ ﬂ} Sections (1) .
) Substructure generation
B 88 Profiles (1)
[# ﬁ Assembly
= oLD-
o
E‘E Fielg Requests [ Continue... ] [ Cancel ]
i

et adiate ke e

Mame: MaturalFreq

Type: Frequency

Basic | Other

Description:

Mlgeom: Off

Eigensolver: @ Lanczos () Subspace ) AMS

Mumber of eigenvalues requested: () All in frequency range
@ Value: JT1

[T] Frequency shift (cycles/time)™2:
[C] Minimurm frequency of interest (cycles/time):

[] Maximum frequency of interest (cycles/time):

Include acoustic-structural coupling where applicable
s el el R e A B e b b — L e

N WP A (AT QI SR ) S8
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11. Double click on the “BCs” node in the model tree
a. Name the boundary conditioned “Pinned” and select “Displacement/Rotation” for the type
Click “Continue...”
Select the lower-left vertex of the geometry and press “Done” in the prompt area
Check the U1, U2, and U3 displacements and set them to 0
Click “OK”

® a0 o

MName  pinned

Type:  Displacement/Rotation
Stepr  MaturalFreq (Frequency)
Region: (Picked)

B FF~Fisfds RS | | csvs (Globsl) By A
. MName: | pinned
Pt;.' Amplitudes ame e ui
Step: | MaturalFreq E|
<[4 Leads U2
- D; Procedure: Frequency
. & Predefined Fields -Category Types for Selected Step
" Remeshir‘lg Rules @ Mechanical Smmetr)r,.-’Antisymetry,-"Enca:tre
o femeshing fules
ptimization Tasks © Electrical/Magnetic Connector displacement
]& Sketches Secondary base
. () Other
A Annotations
':'It: Analysis
-~ 2 Jobs

%E S Tee Note: The displacement value will be
Bl Co-executions maintained in subsequent steps.

“HE Optimization Processes

f. Repeat for the lower-right vertex, but model a roller restraint (only U1 being free) instead.

Note that in this case, the “roller” was meant to restrain all degrees of freedom except for the x-

translation. S

MName:  roller

Type:  Displacement/Rotation
Step:  MaturalFreq (Frequency)
Region: (Picked)

CSYs (Global) fp L
Fu

ol

7 U3

7] URL
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12. Select the Mesh module from the task Module and click on the “Assign Element Type” icon.
Be sure to change to object to “Part” as the version 6.12 defaults to “Assembly.”
a. Select “Standard” for element type
b. Select “Linear” for geometric order
c. Select “Beam” for family
d. Note that the name of the element (B31) and its description are given below the

Medule:
=

ks B2

* Load
Part

Property
Assembly

Step
Interaction
Load

element controls
e. Click “OK”

Object: () Assembly

o
BB
IModel I Resulks I
_ . [ Assian
| Model Database j - ey OF _ | Element Type
agg Moddnlels () = ﬂl :UJ-I._;
Madel-1 i
5] I% Parts (1) .g
= Bridge
_+_ P
B & Features (1) L, SJ'_—L
b Sels E
m
@ Surfaces e
<@ Skins e A
- a Stringers b - b
[+ ﬁ!} Section Assignments (1) }'j ¥
=
- B iZomposite Layups
I:qu Engineering Features iﬂ.
® P2 Materials (1) 02@
I T e PR
I 2 et
Elernent Library Family

@ Standard () Explicit Acoustic

Geometric Order Coupled Temperature-Displacement

[m] »

@ Linear () Quadratic o i

Line

[T] Hybrid formulation [C] Open section

Element Controls

Beam type: @ Shear-flexible (©) Cubic formulation

Scaling factors: Linear bulk viscosity: | 1

Optimization
Job
Visualization

R S

kEBl: A 2-node linear beam in space
B o o U P S S .

13. In the toolbox area click on the “Seed Edge” icon (hold down icon to bring up the other
options)

a. Select the entire geometry and click “Done” in the prompt area
ﬂ 2| Select the regions to

be azsigned local seeds | Done
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b. Change the “Method” to “By number”
c. Define the number of elements as 5, then click OK.

14. In the toolbox area click on the “Mesh Part” icon

a. Click “Yes” in the prompt area

ﬂﬂ OF. to mesh the part? M

15. In the menu bar select View=>»Part Display Options

a. Check the Render beam profiles option

b. Click “OK”

Wiew  Seed  Mesh Adaptivity
Jave..,
Pan F2
Rokake F3
Zoom Infouk F4
Box Zoam FS
Auka-Fit F&
Cycle Views F?
Specify...
Yiews Manipulation Options. ..
Parallel
Perspective

v Show Model Tree Chrl+T
Toolbars 3

Il Part Display Dptions |

General I Daturm I IMesh I

— Render Style
 wireframe O Hidden * Shaded

— Geomektry
™ shiow dotted lines in hidden render style
¥ Show edges in shaded render style

v Show silhouette edges

Highlight Faces using: IStippIing Vl
Curve refinement: IMedium VI

Mote: The refinement setting will be applied only
to the current part.,

— Mesh Edges

Shiow: IExterior edges VI

v show edges in shaded render style

View Qptions. .
Graphics Options. ..
Light Options. ..

Image/Movie Options. ..
Part Displ

 Idealizations

Apply | Defaults Cancel

16. Change the Module to “Property”

a. Click on the “Assign Beam QOrientation” icon

oo o

Select the entire geometry from the viewport
Click “Done” in the prompt area

Module: |Mesh Iv

Assembly
| Skep

EE %Interaction

— |Load

F—‘ﬁ ==|Mesh

Job

|1=+| visualization

Sketch

Abaqus/CAE Vibrations tutorial

Basic | Constraints

Method Bias
() By size

@ By number

Sizing Controls

MNumber of elements:

@ Mone () Single

) Double

Ln |
Alfr

Set Creation

[T] Create set with name: | Edge Seeds-1

[ ok |

[ Apply ]

’ Defaults] [ Cancel ]

Accept the default value of the approximate n1 direction

7
EL
B,
n2,

by
Assign Beam
Orientation

@R

i

17. Note that the preview shows that the beam cross sections are not all orientated as desired (see Problem

Description)

©2013 Hormoz Zareh

Portland State University, Mechanical Engineering



ME 455/555 Intro to Finite Element Analysis Fall 2013

18. In the toolbox area click on the “Assign Beam/Truss Tangent” icon
a. Click on the sections of the geometry that are off by 180 degrees

4] | seect the edges whose targents areto e fipped. 55

19. In the model tree double click on the “Job” node
a. Name the job “Bridge”

Click “Continue...”

Give the job a description

Click “OK”

a oo

Abaqus/CAE Vibrations tutorial

L
i
B N %
£ 5

o W TongEDE

Assign Beam/Truss
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A

Remeshing Rules
Y sketches

>\" Annotations

B ﬁ analysis

Processes

&; Predefined F|e|ds T

Il Create Job x|
Mame; IBridge

Source: Model

PR

Contlnue Cancel

Fall 2013

Abaqus/CAE Vibrations tutorial

MEdtiob |

Mame: Bridge

Model: Model-1

Description: |Determine the first 10 natural frequencies

Subrmissian ] General ] Memory ] Parallelization | Precision

Job Type

" Recover (Explicit)
" Restart

Run Mode
¥ Background O CQueus:

Submit Time

o Immediately
™ Wait: |— hrs. |— miir.
" Ak TP

_o |

Cancel

20. In the model tree right click on the job just created (Bridge) and select “Submit”
a. While Abaqus is solving the problem right click on the job submitted (Bridge), and select “Monitor”

©2013 Hormoz Zareh

e e iy
: rj Amplitudes
[ Loads (13

# [ BCs (2)
& Fem dEim o ol
Switch Context Ctrl+Space
: Edit...
o8 Annot:  COPY..
Ei; Analys Rename. ..
a.g. Job  Delste,., Del
- ‘Wike Inpuk |
Data Check L
A ne Cankinue g I
Monitar. .. =
=
Resuls o
il
11

Tl TOnn@anf sethinng T
; :F Fields
|E Amplitudes
& Flo dofie o 4 o1
H Switch Context Ctrl+Space
Edit...
Copy...
Rename. ..
Delete... Del
Write Inpuk |
Data Check hdl
Submit |
Cantinue ;
=
ok t
wus] || JoE Resulks L
' |Jat faill o=
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b. In the 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 Bridge Monitor o ] 4
Job: Bridge  Status: Completed
Severe o -
. Equil Total Total Step Time,/LPF
SLeCi| Rincrementy| AL D;i;':n Iter Iter Time/Freq | Time/LPF Inc
1 1 1 0 0 u] 0] 1e-36 1e-36
Log | Errors ] Cutput ]
Yiew Result Files
The bias parameter has no effect and will be ignored since there is orly one Frequency interval
Diata
The bias parameter has no effect and will be ignored since there is orly one Frequency interval
Message:
Skatus
Dismiss

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

.. '“"’;'--‘]i?/.ﬁ.'rnﬁli_tﬁdés" B
[ Loads (13
L BCs (2)

Floe dofio o d mioldo

Switch Context Chrl+Space

]& Edit...

o8 anne Copy
Eig anal Rename...
- Delete. .. Del

‘Write Inpuk -
Data Check Il
Submit -

Continue =
Monitor. .. Ek

[=) it
] a1
| e
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22. In the menu bar click on Viewport=>»Viewport Annotations Options
a. Uncheck the “Show compass option”
b. The locations of viewport items can be specified on the corresponding tab in the Viewport Annotations
Options
c. Click “OK”
x

General I Triad | Legend I Title Block. | Skate Block I

— ¥isibilit
=] Ele Modsl Viewport  Wiew  Result  Plob  Animate R i
2 & n Creake i
'I‘]—E [dext: Chr4-Tab [¥' Show triad
| ' - I Preyials Shift+Ctr4+-Tab ¥ shaw legend
Cascade V¥ Show title black
Model  Results | Tile Horizontally [¥ Show state block

Session Data Tile Vertically [V Show text and arrows

Delete Current
g Qukput Datks
A [ spectrums {

Annokation Manager...
Create Annotation, ..

B wvPloks
EH #Data Edit Annotations.
&. Paths k
i Linked Yiswports. ..
on Display Grow Y
B Movies | v 1Viewporti 1 ODB: CifTempfBridge.adb ok | [ apply —— Carcel

23. Display the deformed contour overlaid with the undeformed geometry
a. Inthe toolbox area click on the following icons
i. “Plot Contours on Deformed Shape”
ii. “Allow Multiple Plot States”
iii. “Plot Undeformed Shape”

1|2|3] PE
1123 EEB: Lz1a !EJ
[zaa 8

B

B B B By
%Jy 5
E

y'—i::
~ i

Qase

oo

Ty, EL Plak Undefarmed
Plot Contours on N M Shape
i
o

Deformed Shape e H...

Kl
ey,

= Ef::
B N By, %

I
A
el Allows Multiple Plok States __|‘_§]
] : e = ks
=3 %

.
Qenn
N PEer N *‘ﬁﬁ]\!?{_/ ot e e
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24. In the toolbox area click on the “Common Plot Options” icon
a. Note that the Deformation Scale Factor can be set on the “Basic” tab
b. On the “Labels” tab check the show node symbols icon
c. Click “OK”

Il Common Plot Dptions x| Il Common Plot Dptions x|
Biasic I Colar & Style I Labels I Marmals I Cther | Basic I Colar & Styla
~RenderStyle — | Visible Edges Set Fant For Al Model Labels... |
" Hidden O all edges ™ show element labels  Color: _I
{?—H IEEEJI " Filled % Shaded % Exterior edges I~ show Face labsls color I
o )
; — Deformation Scale Factor R eE e I™ Shaw node labels Colory _|
Common Cptions r d
|E E % Auto-compute (9033.55) Free edges ¥ Show node symbols Color: 1
Mo ed :
yiﬁ " Uniform ¢ Monuriform e Symbol: I ® j Size: ISmaII j
Qs T| e
&. B 2 v allaw color code selections to override
E| x_ options in this dialog
Ty, EX
r H"‘"' Note: Color code selections will not override
n o when contours are displayed.
L B
:I‘}|
‘€L
: ; Ok Apply Defaults Cancel Ok Apply Defaults Cancel
R |

25. In the menu bar click on Results =»Step/Frame
a. Change the mode by double clicking in the “Frame” portion of the window
b. Observe the eigenvalues and frequencies
c. Click “OK”

Note the first mode is an out-of-plane “bending” mode. This validates o\
the need for 3-D modeling of the structure even though it was
presented as 2-D model.

You’ll note the second vibration mode is also out-of-plane (twisting).
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h.8-2 - Model Database: C:\brid;

b's_ Result  Plak

Ren:

Animate

-y

;.'E Active StepsiFrames. ..
i Section Paints. ..

A~ Field Output. .

_,3 Hiskory Output, ..

%r_ Ciptions. ..

T W BT,

i 1 AT !

Fall 2013

Step Name

Abaqus/CAE Vibrations tutorial

* e
Description

Frame

Index Description

0 Increrment  0: Base State

2 Made 2:Value= 11200 Freq= 53264 (cycles/time)
3 Mode 3 Value= 12047 Freq= 55242 (cycles/time)
4 Made 4:Value = 10565, Freq= 16359 (cycles/time)
5 Maode 5:Value= 14483, Freq= 19153 (cycles/time)
] Made 6:Value = 18026, Freq= 21.368 (cycles/time)
7 Maode 7:Value= 23163, Freq= 24223 (cycles/time)
g Maode 8:Value = 23458, Freq= 24376 (cycles/time)
9 Made 9 Value = 26147, Freq= 25735 (cycles/time)
10 Mode  10:Value= 27435. Freq= 26362 (cycles/time)
[ ok | |  Apply | |FiedOutput. | | Cancel

26. In the toolbox area click on “Animation Options”

a. Change the Mode to “Swing”

Click “OK”

b
¢. Animate by clicking on “Animate: Scale Factor” icon in the toolbox area
d. Stop the animation by clicking on the icon again

O=p=
8 By
Animation Options

Il Animation Options |
Scale Factor] ) ) .

Pl

ayer [ — Time Histary | %Y | Yiewports
— Mode

¢ Playonce ¢ Loop  Loop backward &
— Frame Rate

Slow Fast
[ L
¥ show Frame counter

(o] 4 I Apply | Cancel

27. Click on the “Next” arrow on the context bar to change the mode

©2013 Hormoz Zareh
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28. Expand the “Bridge.odb” node in the result tree, expand the “History Output” node, and right-click on

“Eigenfrequency: ...”

a.

Select “Save As...”

b. Name = Frequencies

Fall 2013

Model PResdlks I

|Session Data

HIER 9

Eg Cutput Databases (1)
= () ridge.odb

= B History Qutput (16}

- Composite modal damping: <0 For Whole Model

- EFfective mass, x-component: EM1 For Whole Model
- Effective mass, x-rokation: EM4 For Whole Model

- Effective mass, y-component: EM2 For Whole Model
- Effective mass, y-rotation: EMS For Whole Model

- EFfective mass, z-component: EM3 For Whole Model

= Switch Context Chrl+Space
- Eigenvalue: EIGWAL For

Plot
Add ko Flok

- Generalized mass: GM
- Patticipation Factor, x-
- Participation Factor, x-
- Participation Factor, v-component: PF2 For Wwhole Model

i s o oenePdicipation Factar, vorotations.PES Eaeihole Madel. ...

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

Ay o ot T LT T
+ B wPlots (1)
- B8 wyData ()

Frequencies

[ Paths

R = T

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

Abaqus/CAE Vibrations tutorial

Il Save XY Data As x|

Mame: |Frequencies

MNote: =Y Data are saved only For the
current Abaqus session,

Cancel

-\'1--':4_\} ENW.

——e

il

2bridge natural frequent

Report  Options  Toolf

Eield Output. ..
Free Body Cuk...

A

a. Select from = All XY data
b. Highlight “Eigenvalues”
c. Click on the “Setup” tab
d.
e. Click “Apply”
f. Click on the “XY Data” tab
g. Highlight “Frequencies”
h. Click “OK”

©2013 Hormoz Zareh
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Click “Select...” and specify the desired name and location of the report
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Il Report XY Data
%vData | setup |

Select from: (¢ Al ¥ data € %Y plat in current viewpark

Mame Filter: | Tip...

Description

Eigenwalue: EIGVAL fo

Eigenfrequency: EIGFRED For Wi

Freguencies

Fall 2013

Il Report XY Data

XY Data Setupl
File

Mame: |vibrati0ns .rpt

Output Format
Layout:  Single table For all X¥ data

[ Interpolate between ¥ values (F necessary)

" Separate table for each XY data
Page width (characters): & Molimit © Specify: |20
Mumber of significant digits: 6_%'

Mumber Format: |Engineering

Data
Wrike: W x¥data [ Columntotals [ Column min/max

Abaqus/CAE Vibrations tutorial

M Report XY Data
Y Data ] Setup l

Select from: & &l x¥ data ¢ %Y plokin current viewpart

Mame Filker: | Tip...
Mame | Description |
Eigenvalues Eigervalue: EIGYAL for Whole Mc

O | Apply | DeFauIts| Cancel |

(o] 4 | Apply Defaults Cancel

0K Apply Defaults Cancel

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

©2013 Hormoz Zareh

17

Portland State University, Mechanical Engineering




