Finite Element Analysis

Using Abaqus

Instructor: Nam-Ho Kim (nkim@ufl.edu)




Abaqus Basics

Preprocessing
Abaqus/CAE

Interactive Mode

Input file (text):

. Analysis Input file
Job.inp

Simulation
Abaqus/Standard

YV

FEM Solver —

Output file:
Job.odb, job.dat

Postprocessing
Abaqus/CAE




Methods of Analysis in ABAQUS

» Interactive mode
- Create an FE model and analysis using GUI

- Advantage: Automatic discretization and no need to remember
commands

- Disadvantage: No automatic procedures for changing model or
parameters

* Python script
- All GUI user actions will be saved as Python script
- Advantage: Users can repeat the same command procedure

- Disadvantage: Need to learn Python script language




Methods of Analysis in ABAQUS

Analysis input file

- ABAQUS solver reads an analysis input file

- Possible o manually create an analysis input file

- Advantage: Users can change model directly without GUT

- Disadvantage: Users have to discretize model and learn ABAQUS
input file grammar




Components in ABAQUS Model

*+ Geometry modeling (define geometry)
* Creating nodes and elements (discretization)
Element section properties (area, moment of inertia, etc)

* Material data (linear/nonlinear, elastic/plastic,
isotropic/orthotropic, etc)

+ Loads and boundary conditions (nodal force, pressure,
gravity, fixed displacement, joint, relation, etc)

Analysis type (linear/nonlinear, static/dynamic, etc)

» Output requests




FEM Modeling




FEM Modeling

:4—1_1_1_*
N
A\

Beam element

Which analysis type?

Which element type?

- Section properties

- Material properties :
brow Solid element

- Loads and boundary conditions

- Output requests




FEM Modeling

ﬁ

Line (Beam or truss element)
- Assign section properties (area, moment
of inertia)
- Assign material properties

Volume (Solid element)
- Assign section properties
- Assigh material properties




FEM Modeling

fixed BC \‘ ‘

Line (Beam element)
- Apply distributed load "on the line"
- Apply fixed BC "at the point”

(|

- Ni
’

Volume (Solid element)
- Apply distribution load "on the surface”
- Apply fixed BC "on the surface”




FEM Modeling

o

Line (Beam or truss element)
- Discretized geometry with beam element
- Discretized BC and load on nodes

)

Volume (Solid element)
- Discretized geometry with solid element
- Discretized BC and load on nodes
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Start Abaqus/CAE

Contaxt bar

Startup window

Titke bar Menu bar
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# Start Session

Create Model Database
403 With Standard/Explicit Model

= With Electromagnetic Model

@ Open Database R“—__\I Run Script

T Start Tutorial

Recent Files
1 C/../Flevian/Practice_Detail. cae
2 C/../Flevian/Practice_Final.cae
!.../Plate_Local_Rostro.cae
levian/Plate_Rostral.cae
5 C:/../Rigid_Plate_Local_Final.cae

2
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Example: Overhead Hoist

1m

Pin-joints

All members are

1 .

m 1m circular steel rods,
/ \ 5 mm in diameter.
—,

—

10,000 N

Material properties
General properties:

p = 7800 kg/m"’
Elastic properties:

E = 200x10° Pa

v =03
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Units

Quantity “ I m D

Length
Force N N |bf Ibf
Mass kg tonne (103 kq) slug Ibf s2/in
Time S S S S
Stress Pa (N/m?) MPa (N/mm?) |bf/ft2 psi (Ibf/in?)
Energy J mdJ (103 J) ft Ibf in Ibf
Density kg/m?3 tonne/mm3 slug/ft3 Ibf s2/in%

« Abaqus does not have built-in units

 Users must use consistent units




Create Part

Parts

- Create 2D Planar, Deformable, Wire, Approx size = 4.0

- Provide complete constrains and dimensions

- Merge duplicate points

B | Create Part

EX

Mame: | Part-1

Modeling Space

™) 3D @ 2D Planar

Type

@ Deformable
() Discrete rigid
) Analytical rigid

Base Feature
(71 Shell
@ Wire

i) Point

Approximate size: 4

N

) Msisymmetric

Opticns

Mone available

Cancel
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Geometry Constraint

+ Define exact geometry

- Add constraints Z:

i’ Add Con... 23

Constraints

Coincident
Concentric
Equal length
Equal radius
Fixed
Horizontal
Equal distance
Perpendicular
Symmetry
Tangent
Vertical

-

- Add dimension

- Over constraint warning




Geometry Modification

Modify geometry modeling

1. Go back to the sketch 2. Update geometry

B33 Models (1)
=l Model-1

= [l Parts (1)
= Partd

= E Features (1)
= Wire-1
b Sets
@' Surfaces
® skins
C] Stringers

- Section Assignments

= Orientations
B, Composite Layups

qg Engineering Features
By Mesh (Empty)

-~

m

=3 Models (1)
= Model-1
=iy Parts (1)
o Part-1
5 &Y Features (1)
=
b Sets
ﬁ? Surfaces
® Skins
a Stringers
= Section Assignments
Fe Orientations
B Composite Layups
qg Engineering Features
By Mesh (Empty)

m
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Define Material Properties

- Materials

- Name: Steel

- Mechanical
Elasticity
Elastic

¥ ' Edit Matenal

Mame: | Steel

Description:

Iaterial Behaviors

igeneral Mechanical Thermal Other

Elastic

Type: | Isotropic H

[] Use temperature-dependent data

-

Mumber of field vanables: 0=

Moduli time scale (for viscoelasticity): | Long-term H
[] Mo compression

[] Me tensien
Data

Young's
Modulus Ratio

oo [CEN




Define Section Properties

» Calculate cross-sectional area (diameter = 5mm)

¢ SeCTions f. Create Section =)

Marme: | Circular_Section

- Name: Circular_Section

Category — Type

) Solid Beam

- Beam, Truss © Shel
. @ Beam
- Choose material (Steel) © Other

- Write area

B’ Edit Section 28

Mame: Circular_Section

Type: Truss

Material: | Steel H

Cross-sectional area: | 1.9635E-5

Temperature variation: Constant through thickness




Define Section Properties

» Assigh the section to the part

- Section Assignments

- Select all wires

- Assign Circular_Section

B3 Models (1) -
= Model-1
= [l Parts (1)
=l Part-1
=l E Features (1)

@ Surfaces
® skins
a Stringers
EE—- Section Assignments (1);
= Orientations
B, Composite Layups
-qg Engineering Features

By Mesh (Empty)

m

B 7 Edit Section Assignment |

Section

Section: | Circular_Section H

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

Type: Truss
Material: Steel

Regicn
Regicn: (Picked)
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Assembly and Analysis Step

Different parts can be assembled in a model

Single assembly per model
Assembly

- Instances: Choose the frame wireframe

Analysis Step

- Configuring analysis procedure
Steps

- Name: Apply Load

- Type: Linear perturbation

- Choose Static, Linear perturbation

B ' Create Step ﬁ

Continue... Zancel
e

Mame: | Step-1

Insert new step after

Procedure type: | Linear perturbation H

Buckle

Frequency

Static, Linear perturbation

Steady-state dynamics, Direct
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Assembly and Analysis Step
+ Examine Field Output Request (automatically requested)

» User can change the request

i ' Edit Field Output Request

—

Mame: F-Output-1
Step: Step-1
Procedure: Static, Linear perturbation

Comain: Whole model H

Frequency: | Every n increments H n |1

Output Variables

(71 Select from list below @ Preselected defaults ) All ) Edit variables

CFLERFS.U,

2 Stresses

Strains
Displacement/Velocity/Acceleration
Forces/Reactions

[ Contact

| Energy

[T Failure/Fracture

4 T

e . . R . .

Mote: Errorindicators are not available when Domain is Whole Model or Int

[] Qutput for rebar

Cutput at shell, bearn, and layered section points:
@ Use defaults () Specify:

Include local coordinate directions when available

m

3
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Boundary Conditions

- Boundary conditions: Displacements or rotations are known
- BCs

» Repeat for lower-right corner

Name: Fixed
Step: Initial
Category: Mechanical

Type: Displacement/Rotation

Choose lower-left point

Select Ul and U2

Fix U2 only

10,000 N

B | Edit Boundary Conditicn

Mame: BC-1
Type:  Displacement/Rotation

Stepr Step-1 (Static, Linear perturbation)

Regicn: (Picked)

CSYS: (Global) [Edit.| [Create..

Distribution: | Uniform H Create...

V| U1 0
V| U2 0
UR3:

radians
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Applied Loads

Loads

- Name: Force

- Step: Applied Load

- Category: Mechanical

- Type: Concentrated force

Choose lower-center point
CF2 = -10000.0

-

B | Create Load

Mame: | Load-1

Stepr | Step-1

Category

@ Mechanical

() Acoustic

() Electrical

i) Other

B | Edit Load

Mame: Load-1

i

Procedure: Static, Linear perturbaticn

Types for Selected Step

Concentrated force
Moment

Pressure

Shell edge load

Surface traction

Body force

Line load

Gravity

Pipe pressure
Generalized plane strain

Zancel

m

-

Type:  Concentrated force
Step Step-1 (Static, Linear perturbation)
Regicn: (Picked)

CSVS: (Global) |Edit.. |Create.

Distribution: | Uniform H

iZF1:

CFZ: -10000

[7] Fellow nodal rotation

Note: Force will be applied per node.
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Meshing the Model

Parts
- Part-1, Mesh

Menu Mesh, Element Types (side menu(E))

Select all wireframes
Library: Standard
Order: Linear

Family: Truss

T2D2: 2-node linear
2-D truss

i ' Element Type

Elernent Library Family
@ Standard () Explicit Piezoelectric
Pipe
Geometric Order Thermal Electric (=]

Line

Elernent Controls
[] Hybrid formulation

Linear bulk viscosity scaling factor: 1

Quadratic bulk viscosity scaling factor: |1

T2D2: A 2-node linear 2-D truss.
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Meshing the Model

Seed a mesh

- Control how to mesh (element size, etc)

Menu Seed, Part (side menuily)
- Global size =10

Menu Mesh, Part, Yes (side menu i)

Menu View, Part Display Option

- Label on

B Global Seeds 22

Sizing Controls

Approximate global size: |1

Curvature control
Maximurm deviation factor (0.0 < h/L < 1.0): |01

(Approximate number of elements per circle: 8)

Minirnum size factor (as a fraction of global size):

@ Use default (0.1) ) Specify (0.0 < min = 1.0} 01

OK ] [ Apply ] ’Defaultsl ’ Cancel ]
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Mesh Modification

+ Menu Seed, Part (side menuiLy)
- Change the seed size (Global size) 1.0 t0 0.5

- Delete the previous mesh i

* Menu Mesh, Part, Yes (side menu )

B | Global Seeds 28

Sizing Contraols

Approximate global size: [0.5 1

Curvature control
Maximum deviation factor (0.0 < h/L < 1.0): 0.1

(Approximate number of elerments per circle: 8)

Minimurmn size factor (as a fraction of global size): 10

@ Use default (0.1) ) Specify (0.0 < min < 1.0) 01

Ok l [ Apply l [Defaults] ’ Cancel ]




Creating an Analysis Job

+ Jobs

« Jobs, Truss
- Data Check
- Monitor

- Continue (or, submit)

i | Edit Job

B " Create Job ﬁ

MName: Trus{

Source: | Model H

Mame: Truss

Model: Model-1

Description: | Truss under center load

Continue... ” Cancel

Submiszsion | General

Mermory

Parallelization

Precision

lob Type

@ Full analysis

() Recover (Explicit)
(") Restart

Run Mode

Submit Time

@ Immediately

@ Background () Queue:

hrs. min.

Cancel
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Postprocessing

» Change "Model” tab to "Results” tab
* Menu File, Open Job.odb file
+ Common Plot Option (side menuz ), click on the Labels tab

(Show element labels, Show node labels)

B | Common Plot Options

X

Basic | Color & Style | Labels

|Set Font for All Model Labels...

[7] Show face labels

"] Show node symbaols

cptiens in this dialog

Meormals

Other

Show element labels  Colon [E]

Show node labels Color: [E]

Allow color code selections to override

Mote: Color code selections will not override
when contours are displayed.

Lok | [ Apey |

[ Defaults ]

[ Cancel ]

Set Font for All Model Labels...
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Deformation scale

Common Plot Option (side menu Z2), click on the Basic tab,

Postprocessing

Deformation Scale Factor area

# ' Common Plot Options e
Basic | Color & Style | Labels | Mormals | Other 1
Render Style Visible Edges N
() Wireframe () Hidden () All edges
() Filled @ Shaded @ Exterior edges /
) ¥
Deformation Scale Factor () Feature edges /
() Auto-compute (42.84) () Free edges )
@ WUniferm ) Nenuniform - Mo edges 2
Yalue: | 42.84
—g
Ok ] ’ Apply ] [ Defaultsl ’ Cancel
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Postprocessing

Tools, XY Data, Manager

- Position: Integration Point

- Stress components, S11 (Try
with displacements and

reaction)

B " Create XY Data &l

-

Source
() 20DE history output:
@ ODE field output
() Thickness
(7) Operate on XY data
(7) ASCII file
") Keyboard
() Path
# ' XY Data from ODBE Field Output [
Steps/Frames
Note: XY Data will be extracted from the active steps/frames Active Steps,"Frar‘nES...l

Yariables | Elemnents/Modes

Output Variables

Position: | Integration Point H

Click checkboxes or edit the identifiers shown next to Edit below.

B[] E: Strain components

v S Stress components
[ Mises
[] Max. In-Plane Principal
[C] Min. In-Plane Principal
[T] Max. Principal
[T] Min. Principal
[ Tresca
[] Pressure
[] Third Invariant
511

Edit: | 5.511

Section point:

Save

Dismiss
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Postprocessing

- Click on the Elements/Nodes tab

- Select Element/Nodes you want to
see result and save (7 XY Data from ODB Field Output

- Click Edit... to see the result

-

L -]

Steps/Frames

Mote: XY Data will be extracted from the active steps/frames

| Yarnables | Elements/Modes

Selection

Active Steps/Fram F'_’i]

Method |Edit Selection| [Add Selection| |Delete Selection|

Element labels

Element sets
Internal sets

i ' XY Data Manager

Data Source

@ Current session

Name

) Current ODB: Truss.odb

Description

Create...
Edit...

Copy...

5:511 PL: PART-1-1 E: J From Field Data: 5:511 at part instance PART-1-1 element 7 integration point 1

Rename...
Delete...
Plot

Copy to ODB...

ht iterms in viewport

T

o

1)

(=]

w1

m

A

N

o b
3

. ,

Plot |

Dismiss




Postprocessing

o Repor-'-' Fleld OquuT i Report Field Qutput - (- |

Step/Frame

- Position: Integration Point Step: 1, Step-1
Frame: 1
- Stress ComponenTS, S11 (Tr'y Variable | Setup

with displacemen’rs and File

reaction) Nome: | abagus.rpt
[¥] Append to file

- Default report file name is Output Format

“abaqus.r'p'r" Layout: @ Single table for all field output variables

() Separate table for each field output variable

- The report file is generated in Sortby: Node Label

“C:\Temp" folder‘ @ Ascending () Descending

5 Page width (characters): @ Mo limit () Specify: |80

| abaqus.rpt - Notepad e “eper® '~ pp— =Na=N X

Mumber of significant digits: | 6 =

File Edit Format View Help
output sorted by column "Element Label™. Number format: | Engineering H
Field output reported at integration points for part: PART- Data
1-1 -
Element Int s 511 Write: Field output Column totals Column min/max
Label PT BLoc 1
1 1 -294 . 041E+06
2 1 147.021E+06 ok | [ Apply | [Defaults | [ Cancel
3 1 -294. 041E+06 W
4 1 147, 021E+06
5 1 294, 041E406
6 1 294, 041E406
7 1 -294 . 041E+06




+ Save job.cae file
- Menu, File, Save As...

- job.cae file is saved

Save

- job.jnl file is saved as well (user action history, python

code)

B ' Save Model Database A=

Directory:| (] Temp

Ea .

(1 additionallmages
(1 diskpop

3 htmlReport

| File Mame:

File Filter. | Model Database (*.cas®)

(" conca ]
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Practice

* Calculate member stresses and displacements of truss
shown in the figure using FEA software. Use Young's
modulus = 2.9x107 psi. Submit CAE file and report file
(word or PDF) on Canvas

» 400 Ib

Material: Steel rod
Diameter: 0.5"

12

555

1,200 1b
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